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Abstract
In Con8 rat mammary epithelial tumor cells, indirect immunofluorescence revealed that Sgk
(Serum- and Glucocorticoid-regulated kinase) and Erk/MAPK (Extracellular signal-Regulated
protein kinase/Mitogen Activated protein kinase) co-localized to the nucleus in serum treated cells
and to the cytoplasmic compartment in cells treated with the synthetic glucocorticoid
dexamethasone. Moreover, the subcellular distribution of the importin-alpha nuclear transport
protein was similarly regulated in a signal dependent manner. In vitro GST-pull down assays
revealed the direct interaction of importin-alpha with either Sgk or Erk/MAPK, while RNA
interference knockdown of importin-alpha expression disrupted the localization of both Sgk and
Erk into the nucleus of serum-treated cells. Wild type or kinase dead forms of Sgk co-
immunoprecipitated with Erk/MAPK from either serum- or dexamethasone-treated mammary
tumor cells, suggesting the existence of a protein complex containing both kinases. In serum
treated cells, nucleus residing Sgk and Erk/MAPK were both hyperphosphorylated, indicative of
their active states, whereas, in dexamethasone treated cells Erk/MAPK, but not Sgk, was in its
inactive hypophosphorylated state. Treatment with a MEK inhibitor, which inactivates Erk/
MAPK, caused the relocalization of both Sgk and ERK to the cytoplasm. We therefore propose
that the signal dependent co-localization of Sgk and Erk/MAPK mediated by importin-alpha
represents a new pathway of signal integration between steroid and serum/growth factor regulated
pathways.

Introduction
The coordinate regulation and intracellular communication between steroid receptor
transcriptional signaling and tyrosine-kinase growth factor receptor activated
phosphorylation cascades is critical for the physiological control of cellular function [1-10].
Glucocorticoids, one class of steroid hormones, elicit their responses through an intracellular
steroid receptor complex that functions in the nucleus either as a potent ligand-activated
transcriptional stimulator or repressor of gene expression [1, 9-16]. In glucocorticoid-
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responsive cells, convergence points between glucocorticoid receptor responsive pathways
and signaling by growth factor receptor activated Erk/MAPK (Extracellular signal-regulated
protein kinase/mitogen activated protein kinase) plays an important role in regulating
cellular responses to both types of hormonal stimuli. Cross talk between these signaling
pathways has been shown to occur at several distinct levels of cellular regulation [17]. One
well characterized mechanism of signal integration is the targeting of expression and
function of a select group of transcription factors, such as c-Jun and c-Fos, that are common
down-stream components of both pathways [4, 5, 14, 18, 19]. These interactions can lead to
either the potentiation or attenuation of gene expression depending on availability of tissue
specific transcription factors and co-regulators as well as the presence of other extracellular
stimuli.

Glucocorticoid receptors can be targeted directly by Erk/MAPK signaling. For example,
Erk/MAPK has been shown to directly phosphorylate the glucocorticoid receptor [20-22]
and the estrogen receptor [23, 24] at sites conserved between the two receptors, although the
cellular function of this modification has yet to be established. Several studies have
uncovered evidence that Erk/MAPK signaling can modify glucocorticoid receptor
responsiveness, such as promoting glucocorticoid resistance in immune cells [25], as well as
attenuating the glucocorticoid induced transactivation of gene expression in human
epidermal keratinocytes [26]. In a complementary manner, in some systems glucocorticoid
receptor signaling can regulate components of the growth factor-mediated signaling
pathways that are upstream of Erk/MAPK and ultimately control Erk/MAPK activity
[27-31]. For example, glucocorticoids alter the expression of a variety of growth factors and/
or their cognate receptors in several different cell types [32, 33]. Glucocorticoids also
attenuate the expression, localization or modification of certain intracellular cell signaling
components [34-40] and have been shown, in one case, to cause the long-term down-
regulation of Erk/MAPK transcripts [40]. Several studies have established that
glucocorticoids can induce expression of MAPK phosphatase-1, a negative regulator of Erk/
MAPK signaling [41].

To define additional layers of signal integration between glucocorticoid receptor signaling
events and Erk/MAPK function, we have utilized the Con8 rat mammary epithelial tumor
cell line [42, 43]. This cell line is derived from the hormone-responsive DMBA-induced
13762NF rat mammary adenocarcinoma [44]. Glucocorticoid hormones strongly suppress
the growth of these mammary tumor cells by causing a G1 block in cell cycle progression
[45] and induce certain differentiated properties, such as the formation of tight junctions
[46-49]. In contrast, serum stimulation or exposure to transforming growth factor-alpha [32],
which acts through epidermal growth factor (EGF) receptor-mediated phosphorylation
cascades [50], induces cell cycle progression [46] and abrogates the glucocorticoid
stimulation of tight junction formation [51]. The opposing proliferative effects of
glucocorticoids and serum/growth factor stimulation suggest that the cellular utilization of
specific glucocorticoid regulated gene products may be linked to Erk/MAPK.

One candidate glucocorticoid regulated gene is the serum and glucocorticoid-inducible
protein kinase, Sgk, which we cloned from the Con8 rat mammary tumor cells as a novel
transcriptionally-regulated serine/threonine protein kinase [52, 53]. Sgk is approximately
45-55% homologous to the catalytic domains of Akt/PKB, protein kinase A, protein kinase
C-zeta and the rat p70S6K/p85S6K kinases (MW), and is enzymatically activated by the
phosphoinositide 3-kinase pathway through PDK1-mediated phosphorylation [54]. We have
documented that a biologically significant feature of Sgk is that its transcription, enzymatic
activity and subcellular localization are regulated in stimulus-dependent and tissue-specific
manner [52, 53, 55-58]. Transcription of the sgk gene is rapidly and strongly stimulated by
either glucocorticoids or serum [52, 53], which is due to specific signal regulated elements
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in the promoter, such as a functional glucocorticoid response element [58]. In serum-
stimulated cells, Sgk shuttles between the nucleus and cytoplasmic compartment in
synchrony with the cell cycle; a hyper-phosphorylated form of Sgk is recruited to the
nucleus of S and G2 phase cells [56]. In contrast, Sgk remains exclusively localized to the
cytoplasmic compartment in glucocorticoid G1 arrested cells or after hyperosmotic stress
[55, 56]. Analogous to Sgk, in several systems Erk 1 and Erk 2 have been shown to
translocate to the nucleus in response to growth factor stimulation but can reside in the
cytoplasm in certain quiescent cells [59-61]. In this study, we demonstrate that Sgk and Erk/
MAPK co-localize to either the nucleus or the cytoplasmic compartment in a signal
dependent manner that is mediated by their interactions with importin-alpha, a component of
the nuclear transport machinery. We propose that the coordinate subcellular localization of
Sgk and Erk/MAPK represents a new level of signal integration between glucocorticoid
receptor and growth factor-dependent cell signaling events.

Materials and Methods
Cell culture conditions

Rodent Con8 mammary epithelial tumor cells were routinely cultured on standard tissue
culture plates in DMEM/F-12 (Cambrex, Walkersville, MD) supplemented with 10% calf
serum (Cambrex, Walkersville, MD) and penicillin/streptomycin (Cambrex, Walkersville,
MD), and maintained at 37°C and 5% CO2 as described [42, 43, 56]. The cells were
incubated with serum-free medium prior to their treatment with the indicated concentrations
of serum and/or 1 μM dexamethasone and/or 1 mM hydroxyurea for the indicated times.
The HEK-293 fibroblast cells were cultured in DMEM media supplemented with 10% fetal
calf serum and antibiotics (Cambrex, Walkersville, MD).

Western blot analysis
Soluble whole cell extracts (20-50 μg protein) were electrophoretically resolved by SDS-
PAGE, and the proteins were transferred to Nitran Plus membranes (Schleicher & Schuell,
Keene, NH). The membrane was probed with a 1:5,000 dilution of affinity-purified
polyclonal rabbit anti-Sgk antibodies, 1:500 dilution of monoclonal mouse anti-Erk1/Erk2
antibodies (Santa Cruz Biotechnology, Santa Cruz, CA), 1:100 dilution of polyclonal rabbit
anti-active MAPK antibodies (Promega, Madison, WI), 1:1000 dilution of polyclonal goat
anti-importin-alpha antibodies (Santa Cruz Biotechnology), or 1:1000 dilution of polyclonal
goat anti-actin antibodies (Santa Cruz Biotechnology) in 50 mM Tris, pH 8.0, 150 mM
NaCl, 0.05% Tween 20 with 1% nonfat dry milk. The generation, purification, and
characterization of the affinity-purified rabbit polyclonal antibodies to Sgk was described
previously [56]. The secondary antibodies were goat anti-rabbit, goat anti-mouse, or rabbit
anti-goat IgG HRP-conjugated antibodies (BioRad, Richmond, CA). The secondary
antibodies were used at a dilution of 1:1,000. The western blots were developed by using the
Renaissance developing kit (NEN, Boston, MA) and exposed to X-ray film.

Indirect immunofluorescence microscopy for Sgk and Erk/MAPK localization
Con8 cells were cultured on 8-well Lab-Tek Permanox slides (Nalgene Nunc International,
Naperville, IL) or on sterile cover slides and grown to 30% confluency before the indicated
combinations of serum and/or dexamethasone were added for the indicated time frame. Cell
confluency prior to fixation did not exceed 60%. For indirect immunofluorescence
microscopy, cells were washed with PBS, fixed for 15 minutes in 3.7% formaldehyde/0.1%
glutaraldehyde, rinsed with PBS, and permeabilized with 50% methanol/50% acetone for 1
min. Following a rinse in PBS, the cells were preabsorbed for 5 minutes in PBS containing
4% normal goat serum (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA).
Cells were incubated with a 1:300 dilution of affinity-purified rabbit polyclonal anti-Sgk
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antibody for 1-2 hours at 25°C. After 5 washes with PBS, the cells were treated for 5
minutes with PBS containing 4% normal goat serum. The cells were incubated with a 1:300
dilution of anti-rabbit FITC-conjugated secondary antibody (Cappel Research Products,
Durham, NC) in PBS and then incubated for 30 minutes at 25°C. Cells were washed 5 times
with PBS and mounted with 50% glycerol, 50 mM Tris (pH 8.0) containing 4 mg/ml n-
propyl gallate, and examined on a Nikon Optiphot fluorescence microscope. Images were
captured using Adobe Photoshop 3.0.5 (Adobe Systems, Inc., Mountain View, CA) and a
Sony DKC-5000 digital camera. Nonspecific fluorescence was determined by incubation
with the secondary antibody alone and shown to be negligible. Due to the use of an affinity-
purified antibody, preimmune serum showed a relatively higher background and was not
used as a negative control.

Double-labeling for Sgk and Erk1/MAPK localization utilized the above procedures with the
following modifications. Erk 1 and Erk 2 were detected using a monoclonal antibody
directed against amino acids 324-345 of Erk1 that also recognizes Erk2 (Zymed, San
Francisco, CA). To recognize the Erk/MAPK monoclonal antibody (red fluorescent
staining), a 1:300 dilution of an anti-mouse rhodamine-conjugated secondary antibody
(Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) was added in PBS and
incubated at 25°C for 30 minutes.

Immunofluorescence microscopy for importin-alpha transfected cells
Con8 mammary epithelial cells were plated at low confluency (~30%) on 2-well Lab-Tek
Permanox slides (Nalgene Nunc International, Naperville, IL) and transiently transfected
with full length importin-alpha encoding construct (pCMV-HA-FLIa) using the
lipofectamine procedure as detailed in the previous sections. Cells were serum starved for 36
hours and subsequently treated with 10% calf serum or with 1 μM dexamethasone for 15
hours. For indirect immunoflorescence microscopy, cells were washed with PBS, fixed for
20 minutes in 3.7% paraformaldehyde, rinsed in PBS, followed by permeabilization with
methanol/acetone (1:1) for 2 minutes at −20°C. Cells were blocked in 5% non fat dry milk
in PBS for 15 minutes, and incubated with affinity purified, anti-Sgk antibodies at 1:150
dilution, in combination with 1:1000 dilution of murine anti-HA monoclonal antibodies
(Babco, Richmond, CA) for 1-2 hours at room temperature on a rocking platform. Slides
were washed five times in PBS, blocked in 5% milk solution as mentioned above for 15
minutes, and then incubated with a 1:150 dilution of anti-rabbit florescein isothiocyanite-
conjugated secondary antibody (Mol. Probes Inc., Eugene OR) and Texas red-conjugated
goat anti-mouse secondary antibody (Mol.Probes Inc., Eugene OR), also at 1:150 dilution
for 1 hour, at room temperature. Slides were washed three times in 5% milk solution, rinsed
in PBS in the last wash and mounted with Vectashield mounting medium (Vector
Laboratories Inc.), and cells viewed at 63× magnification with an oil objective lens using
Zeiss Axiophot optics equipped with a camera and UV illumination through a fluorescein
isothiocyanate (FITC) and texas-red filter respectively.

Generation of wild type, nuclear localization signal-containing, and kinase dead sgk
expression vectors

The pcDNA3 mammalian expression vector (Invitrogen, Carlsbad, CA) with the full length
Sgk cDNA was utilized for the ectoptic expression of Sgk in cell culture. Standard PCR
techniques were used starting with the full length wild type rat sgk cDNA [53]. The final
expression vector contains an Asp718/XbaI insert which consists of the full cDNA of sgk
fused in frame to a poly-8-His tag at the C-terminus. To generate this chimeric construct
with the full length sgk gene in-frame with the poly-His tag and with compatible restriction
sites for the vector’s cloning sites, the two PCR primers used were 5′--
AGGTACCGCCACCATGACCGTCA AAACCGAGGCTG--3′, which contains an Asp718
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site and the first codons of the sgk sequence and 5′--
TTCTAGATCAATGATGATGATGATGATGATGATGGAGGAAG
GAGTCCATAGGAGGG--3′, which contains the XbaI site, the Stop-codon, eight His-
residues and the final amino acids of the Sgk C-terminus.

The pcDNA3 NLS-sgk-His expression vector was generated by fusing the nuclear
localization signal (NLS) of the SV40 large T antigen [62] in frame to the C-terminus of the
full length sgk cDNA, followed in frame by eight His-residues. The PCR primers used were
5′--AGGTACCGCCACCATGACCGTCAAAACCGAGGCTG--3′, which contains an
Asp718 site and the first codons of the sgk sequence and 5′--
TTCTAGATCAATGATGATGATGATGATGATGATGGAACTTTACCTTCCTCTTCTT
CTTTGGGAGGAAGGAGTCCATAGG--3′. This second primer contains a XbaI site, a
stop-codon, eight His-residues, the nuclear localization signal (NLS), which is specified as
the amino acid sequence FKVKRKKKP, and the last amino acids of the Sgk C-terminus.
The PCR-generated inserts in both vectors were fully sequenced to confirm the fidelity of
the PCR reactions and ligations.

To generate a kinase-dead mutant, a lysine-to-methionine mutation was introduced at K127,
which is a critical lysine in the ATP binding site. For this purpose, the following primer was
designed: 5′–TCTTCTGCAAAACCATGACGGCCATAGAA– 3′. The underlined residue
harbors the point mutation that converted the wild type reverse codon AAA (lysine) into
ATG (methionine). This primer was used with a 5′ bac primer, which was used to amplify
the 5′ end of the vector cloning sites. The fragment was then used in a second round of PCR
with a 3′ bac primer to amplify the 3′ end of the vector cloning sites. The full length kinase
dead mutant was then digested with NcoI/BamHI for directional cloning into a NcoI/
BamHI-digested pVL1392 His vector to insert sgk in-frame with C-terminal poly-His tag.
This construct was digested with Bsu36I and inserted into Bsu36I-digested pcDNA3
expression vector.

Co-Immunoprecipitation Assays
Expression vectors encoding either wild-type sgk gene or the kinase dead sgk gene were
transiently transfected into mammary tumor cells. Five hours post-transfection, cells were
treated with combinations of 10% serum and/or 1μM dexamethasone. Twenty-four hours
after transfection, the cells were harvested, and Erk1/Erk2 were immunoprecipitated from
soluble cell extracts for 12 hours at 4°C using Protein G beads and monoclonal antibodies
that recognize both Erk1 and Erk2 or actin antibodies as a control. The immunoprecipitates
were washed with a gradually increasing concentration of 0.3-0.6 M KCl. The Erk1/Erk2
immune complex was resolved by SDS-PAGE, and the blotted proteins were probed with
affinity-purified anti-Sgk antibodies at a final dilution of 1:1000, followed by incubation
with HRP-conjugated goat anti-rabbit secondary antibodies at 1:1000 dilution.

Plasmid constructs for in vitro GST pull down assay
The expression plasmids encoding the full length epitope-tagged Sgk was constructed by
standard PCR cloning methods. The sgk cDNA fragment containing a 5′ EcoR1 and 3′
Xho1 restrictions sites were subcloned into pCMV-5 vector designed to contain a N-
terminal HA epitope tag. Expression plasmids for HA-erk2 and HA-Jnk proteins were
kindly provided by G.S. Martin (Dept. of Biochemistry, U.C. Berkeley, Berkeley CA 94720)
and J.S Gutkind (Molecular signaling unit, National Institute of Dental Research NIH,
Bethesda, MD 20892) and have been described previously. The full length mouse importin-
alpha cDNA subcloned into pGEX-3X (forming GST-FLIa) was a kind gift from Marian
Waterman (Univ. of California, Irvine, CA). The truncated importin-alpha containing the
carboxy terminal 106 amino acid (a.a. 423 –529) was subcloned into EcoR1/Xho1 sites
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within the GST vector pGEX-4T1 (Amersham Pharmacia Biotech) to yield the GST-TIa
plasmid. The GST-importin-alpha fusion proteins were isolated from the bacterial strain
AB1899 cells transformed with purified GST-FLIa and GST-TIa expression plasmids.
Briefly, bacteria was initially grown at 37°C for two hours (O.D.=0.5-0.7) and subsequently
induced with 0.1 mM IPTG (isopropyl1-thio-beta-D-galactpyranoside) for 6 hours at 37°C.
Cells were lysed using the French Press (three times) in lysis buffer (PBS containing 0.05%
Tween 2 mM EDTA, 1 mM DTT and 0.1% beta mercapto-ethanol). The GST-importin-
alpha fusion proteins were purified on glutathoine agarose beads (Pharmacia) as we
described previously [57].

In vitro GST-pull down assays in using cell extracts containing exogenously expressed
HA-Sgk, HA-Erk2/MAPK and HA-Jnk proteins

Transient transfections containing 10 μg of relevant expression plasmid (HA-sgk, HA-erk2
and HA-Jnk) in combination with 10 μg of filler DNA were carried out in sub-confluent
(~70%) HEK-293 fibroblast cells as previously described [63]. Control cells received empty
vector alone (20 μg) corresponding to the respective transfected cDNAs. Forty-eight hours
post-transfection, cells were lysed in HEGMN buffer (25 mM Hepes, 100 mM KCl, 12.5
mM MgCl2, 0.1 mM EDTA, 10% glycerol, 0.1% Nonidet P-40, pH 7.9), centrifuged for 15
minutes at 14,000 × g, and supernatant fractions recovered. Recombinant GST-FLIa or
GST-TIa immobilized on glutathoine-sepharose beads were incubated with the respective
cell supernates expressing HA-Sgk, HA-Erk2/MAPK or HA-Jnk proteins, overnight at 4°C
on a nutator. The beads were washed three times in the wash buffer (200 mM NaCl, 0.2%
Tween 20, 10 mM Tris pH 7.5 and 0.5% non-fat dry milk). After removing the supernatant
fractions in the final wash, the samples were resuspended in 25 μl of 2× SDS sample buffer,
boiled for 5 minutes, and the proteins retained on the beads resolved by (7.8%) SDS-PAGE.
Proteins were transferred to nitrocellulose membranes and probed for the presence of HA-
tagged proteins using monoclonal anti-HA antibodies. The monoclonal anti-HA antibodies
(MMS-101Rclone, Babco, Richmond, CA) were diluted 1:1000 in 1% non fat dry milk
containing wash buffer and incubated overnight at 4°C. The goat anti-mouse secondary
antibody, (Bio-Rad, Hercules CA) was used at a dilution 1:10,000 in 3% non fat dry milk
containing wash buffer the Western blots were developed using the Renaissance developing
kit (NEN, Boston MA) and exposed to X-ray film.

RNA interference
Con8 cells were reverse transfected with 150 ng of HP GenomeWide siRNA for importin-
alpha or non-specific control siRNA with HiPerFect transfection reagent at the time of
plating according to Qiagen’s protocol. Cells were treated with 1 uM dexamethasone for 24
hours the day after transfection. Western blots probing for importin-alpha and actin and
indirect immunofluorescence microscopy for Sgk and Erk were performed as described
above.

Results
Stimulus-regulated co-localization of Sgk and MAPK

Indirect immunofluorescence microscopy was used to determine whether endogenous Sgk
and Erk/MAPK co-localize to the nucleus and the cytoplasm in the same cell type in a signal
dependent manner. Con8 mammary epithelial tumor cells were treated with 10% serum in
the presence or absence of glucocorticoids for 24 hours, and the fixed cells co-stained for
Sgk and Erk/MAPK using the corresponding primary antibodies and distinct secondary
antibodies to examine their subcellular distribution. As shown in Fig. 1 (left panels), in the
majority of serum treated cells both Sgk and Erk/MAPK co-localized primarily in the
nucleus, whereas in the small subset of serum-treated cells that express Sgk in the
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cytoplasm, Erk/MAPK likewise distributes to this compartment. Strikingly, treatment with 1
μM dexamethasone, a synthetic glucocorticoid, caused both protein kinases to distribute to
the cytoplasmic compartment (Fig. 1, upper and middle right panels). Erk/MAPK co-
localized with Sgk in virtually every cell examined in both serum-treated and
glucocorticoid-treated cells as shown by the orange color observed after merging the green
(Sgk staining) and red (Erk/MAPK staining) fluorescence signals (see overlay in the bottom
right panels of Fig. 1).

We previously established that treatment of Con8 mammary tumor cells with
dexamethasone causes a G1 cell cycle arrest [45]. Therefore, it was important to distinguish
whether the signal dependent subcellular distribution of Sgk and Erk was a specific response
to glucocorticoids and serum, or whether the co-localization was an indirect consequence of
the growth state of the cells. To examine this possibility, indirect immunofluorescence was
used to characterize the signal dependent localization of Sgk and Erk in cells treated with or
without 1 mM hydroxyurea, a DNA synthesis inhibitor that causes a G1 cell cycle arrest. As
shown in Fig. 2, hydroxyurea had no effect on the nuclear co-localization of Sgk and Erk
(Fig 2A and Fig 2B, left panels) in serum treated cells not incubate with dexamethasone
(−Dex). Similarly, both Sgk and Erk resided in the cytoplasmic compartment in
dexamethasone treated cells either in the presence or absence of hydroxyurea (Fig 2A and
Fig 2B, right panels). These data demonstrate that the serum- and glucocorticoid-dependent
subcellular distribution of Sgk and Erk is a specific signal dependent response.

Stimulus-dependent subcellular distribution of Importin-alpha
We have previously shown that Sgk directly binds to the importin-alpha nuclear import
protein through a specific nuclear localization signal within Sgk [57]. Because the
subcellular distribution of Sgk is regulated in a signal dependent manner, the specific
interactions between Sgk and importin-alpha suggested that the nuclear/cytoplasmic
localization of importin-alpha might be similarly regulated by serum and/or glucocorticoid
treatment. Therefore, to test this possibility, low confluency Con8 cells were transiently
transfected with an expression plasmid encoding HA-importin-alpha. Following 36 hours of
serum starvation, cells were stimulated with 10% calf serum, treated with 1 μM
dexamethasone for 15 hours, or maintained in serum-free media. As shown in Fig. 3 (Top
panels) in the absence of stimuli, the exogenous HA-tagged importin-alpha remained
dispersed throughout the cytoplasm. Sgk is not expressed under these conditions, whereas,
consistent with our previous work [64], control immunofluorescence showed that beta-
catenin localized mostly to the nucleus in the serum-free conditions. Serum stimulation
resulted in the nuclear localization of HA-importin-alpha, which was congruent with the
nuclear staining pattern of endogenous Sgk, whereas, beta-catenin localized primarily to the
cell periphery (Fig. 3, middle panels). In contrast, exogenous importin-alpha resided
primarily in the cytoplasmic compartment in dexamethasone treated cells, similar to the
predominantly cytoplasmic staining of endogenous Sgk in cells exposed to glucocorticoids
(Fig. 3, lower panels). Under these conditions, beta-catenin remained localized to the cell
periphery.

Western blots using anti-HA antibodies demonstrated that the level of expression of the
epitope tagged exogenous importin-alpha (HA-importin-alpha) remained approximately the
same under all three conditions (Fig. 3, blots). As expected, in the absence of any stimuli, no
Sgk protein is produced, while serum or dexamethasone induced a high level of endogenous
Sgk protein. Taken together, our results suggest that the signal dependent localization of
importin-alpha may play a role in the subcellular co-distribution of Sgk and Erk/MAPK.
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In vitro binding of Sgk and Erk2/MAPK to the recombinant full length and truncated
importin-alpha nuclear import protein

As an initial step to elucidate the mechanistic basis of the co-localization of Sgk and Erk/
MAPK, GST-pull down binding assays were employed to compare the in vitro binding of
Sgk and Erk/MAPK to importin-alpha. Importin-alpha is a 529 amino acid, 58 kDa protein
that contains a hydrophobic amino terminus, a conserved central hydrophilic region
punctuated with 8-10 degenerate arm repeats and a short hydrophilic carboxy terminus that
binds the nuclear localization sequences (NLS) in cargo proteins [65]. Recombinant
glutathione-S-transferase (GST) fusion proteins were constructed with the full length
importin-alpha sequences (GST-FLIα), or with a truncated importin-alpha encoding the
carboxy terminal 106 amino acids that encompasses approximately half of the eighth arm
repeat and the entire ninth repeat extending up to the carboxy terminal region (GST-TIα).
The GST protein alone was utilized as a negative control for the binding assay (Fig. 4A).

Each of the GST fusion proteins, as well as the GST control protein were immobilized on
glutathione-sepharose beads, and incubated with cell extracts from transfected human
embryonic Hek293 fibroblasts containing ectopically expressed HA-epitope tagged Sgk
(HA-Sgk), Erk2 (HA-Erk2), or Jun-N-terminal kinase (HA-Jnk). Expression of each protein
kinase from their corresponding expression vectors in transfected cells (Input) relative to
cells transfected with the empty vector controls was confirmed by anti-HA immunoblotting
(Fig. 4B, left lanes in all blots). The retention of epitope-tagged proteins on the GST fusion
protein loaded beads was determined by fractionation in SDS-PAGE and individual kinases
detected by anti-HA Western analysis. Ectopically expressed HA-Erk2 or Sgk associated
with both the full-length (GST-FLIα) and the truncated (GST-TIα) importin-alpha proteins
(Fig. 4B). The carboxy-terminal 106 amino acids of importin-alpha appear to be sufficient
for binding to both Erk2/MAPK and Sgk. No detectable binding of either protein kinase was
observed with the control GST protein. Jnk, which is highly related to Erk/MAPK, has been
shown to shuttle between the cytoplasm and nucleus in several cell types [66]. Strikingly, no
binding was evident between the full length importin-alpha and ectopically expressed HA-
Jnk in the cell extracts (Fig. 4B, lower blot), thereby establishing the specificity of the
importin-alpha interactions with Erk/MAPK. Taken together, these results suggest a role for
importin-alpha in the stimulus-dependent nuclear import of a subset of protein kinases.

RNAi knock down of importin-alpha disrupts the nuclear localization of Sgk and Erk
To determine if importin-alpha is responsible for the signal-dependent localization of Sgk
and Erk, importin-alpha transcripts were knocked down using RNA interference (RNAi).
Western blot analysis demonstrated that expression of importin-alpha specific small
interfering RNA (siRNA) in dexamethasone treated or untreated cells significantly reduced
production of importin-alpha protein, whereas, expression of control siRNA had no effect on
importin-alpha levels (Fig. 5). No changes were observed in actin protein levels in either
condition. In a parallel set of experiments, indirect immunofluorescence was used to
characterize the subcellular distribution of Sgk and Erk in glucocorticoid treated and
untreated cells (cultured in serum) in cells expressing either importin-alpha specific or
control siRNA. As shown in Fig. 6, knock down of importin-alpha prevented the nuclear
localization of both Sgk and Erk in serum-treated cells (Fig 6A and Fig 6B, −Dex right hand
panels), whereas, both protein kinases resided in the cytoplasmic compartment in the
presence of dexamethasone (Fig 6A and Fig 6B, + Dex right hand panels). As shown in the
left hand panels of Fig 6A and Fig 6B, the control siRNA had no effect on the signal
dependent co-localization of Sgk and Erk. Taken together, these functional data demonstrate
that importin-alpha is responsible for the stimulus-dependent nuclear localization of Sgk and
Erk, and that the cytoplasmic localization of both protein kinases in the glucocorticoid
treated cells appears to result from the loss of importin-alpha function.
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Co-immunoprecipitation of Sgk with Erk/MAPK
Co-immunoprecipitations were employed to test whether Sgk and Erk/MAPK associate in a
common protein complex that could conceivably coordinate their stimulus-regulated co-
localization. Wild type Sgk was ectopically expressed by transient transfection into the
mammary tumor cells, which were then treated with 10% serum and/or 1 μM
dexamethasone, in which both proteins either reside in the nucleus or in the cytoplasm.
Twenty-four hours after transfection, Erk/MAPK was immunoprecipitated from soluble cell
extracts using an Erk1/Erk2-specific monoclonal antibody. The immunoprecipitates were
electrophoretically fractionated and the blotted proteins were probed with affinity-purified
polyclonal anti-Sgk antibodies. As shown in Fig. 7A, Sgk co-immunoprecipitated with Erk/
MAPK under all three cell culture conditions suggesting that their cellular interaction occurs
in both the nuclear and cytoplasmic compartments. Western blot analysis of the control
immunoprecipitations, which utilized an actin-specific monoclonal antibody, failed to detect
Sgk, demonstrating the specificity of the Sgk co-immunoprecipitation with Erk/MAPK.

In a second set of co-immunoprecipitations, serum-treated Con8 cells were transiently
transfected with expression vectors encoding either the wild type (WT) Sgk or a kinase dead
form of Sgk [63] in which the lysine at position 127 was mutated to methionine (designated
K127M). As a negative control, another transfection was carried out with an empty
expression vector (V). Erk/MAPK was immunoprecipitated from the cell extracts, and a
western blot of the final immunoprecipitates was probed for Sgk. As shown in Fig. 7B,
approximately the same levels of both the wild type and kinase dead forms of Sgk were
recovered in the Erk/MAPK immunoprecipitates. Thus, Sgk kinase activity is not required to
detect Sgk in the Erk/MAPK immune complex. In vitro binding assays failed to detect
binding of either endogenous Sgk or exogenous Sgk with Erk/MAPK (data not shown),
suggesting that Sgk and Erk/MAPK do not directly interact with each other. The presence of
Sgk protein in Erk/MAPK immune complex formed with anti-Erk1/Erk2 antibodies, in
combination with the importin-alpha GST pull down assays implicate importin-alpha in
tethering Sgk and MAPK into the same protein complex.

Analysis of Sgk and Erk/MAPK phosphorylated forms in serum stimulated or
glucocorticoid treated cells

The nuclear localization of several serine/threonine protein kinases that shuttle between the
nucleus and cytoplasmic compartment has been coupled to their phosphorylation states
[67-69]. To determine whether Erk/MAPK phosphorylation is regulated by serum and/or
glucocorticoids in a manner that correlates with its subcellular distribution, Con8 cells were
grown in complete medium supplemented with 10% fetal bovine serum, then treated with 1
μM dexamethasone for different durations over a 24 hour time course of steroid treatment.
Whole cell extracts were electrophoretically fractionated, and western blots probed either
with monoclonal antibodies directed against amino acids 324-345 of Erk1/MAPK that
recognize the Erk1 and Erk2 members of the MAPK family or with antibodies that
selectively recognize the dually-phosphorylated active form of Erk/MAPK (Zymed, San
Francisco, CA). Dexamethasone treatment caused a rapid and nearly complete reduction in
the level of dually phosphorylated active Erk/MAPK even though the cells were
continuously exposed to serum (Fig. 8, top blot). A significant reduction in expression of the
dually-phosphorylated Erk/MAPK was observed as early as 2 hours after the addition of
dexamethasone. Using myelin basic protein (MBP) as a substrate, the Erk/MAPK
immunoprecipitated from dexamethasone-treated cells displayed a significantly reduced
ability to phosphorylate MBP in vitro as compared to the Erk/MAPK immunoprecipitated
from serum-stimulated cells (data not shown). During this same time course, the total level
of Erk1-Erk2/MAPK protein remained relatively constant during the first 2 hours of
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dexamethasone treatment and exhibited only a modest decline by 24 hours in
glucocorticoids (Fig. 8 middle blot).

In contrast to the stimulus-dependent changes in Erk/MAPK phosphorylation, the
hyperphosphorylated form of Sgk is produced in serum stimulated or in dexamethasone
treated cells. Western blots of total cell extracts showed that slower-migrating species that
correspond to the hyperphosphorylated forms of Sgk [54, 55] are produced in mammary
tumor cells treated for 24 hours with either 10% fetal bovine serum or 1 μM dexamethasone
(Fig. 8, lower blot). No Sgk was detected in serum-starved cells, and after 24 hours the level
of Sgk produced in dexamethasone-treated cells is generally greater than that observed after
serum stimulation. Sgk is phosphorylated and activated by the PI3-kinase dependent
pathway through PDK1 [54]. To test whether this pathway is functional in both serum-
stimulated or dexamethasone treated conditions, cells were treated with each stimulus in the
presence of the PI3 kinase inhibitor LY294002 and the resulting Sgk proteins analyzed by
western blots. As also shown in Fig. 8 (lower blot), only the faster migrating Sgk protein
band can be observed in the presence of LY294002, confirming that the higher molecular
weight Sgk proteins represent forms of this kinase that are phosphoryated in a PI3-kinase
dependent manner. The LY294002 sensitive hyperphosphorylated form of Sgk is similarly
produced in cells treated with both serum and dexamethasone (data not shown). Using an in
vitro transphosphorylation assay with the Sgktide peptide substrate (KKRNRRLSVA), we
have previously shown that the immunoprecipitated hyperphosphorylated Sgk, such as
produced in the mammary tumor cells, is enzymatically active [54].

MEK Inhibitor causes Sgk and ERK/MAPK to localize to the cytoplasm in serum treated
cells

To further investigate the cellular properties of Sgk and Erk/MAPK localization, the effect
of inhibiting Erk/MAPK activation on Sgk and Erk/MAPK localization was characterized by
immunofluorescence microscopy in serum treated cells. Con8 cells were treated with
PD98095, a selective MEK (MAPK kinase) inhibitor that prevents phosphorylation and
subsequent activation of MAPK. Earlier in this study, we show that in serum-treated cells
not exposed to this MEK inhibitor, both Sgk and Erk/MAPK co-localized to the nucleus (see
Fig. 1). In contrast, in cells treated with PD98095, co-staining for both Sgk and Erk/MAPK
showed both protein kinases to localize primarily to the cytoplasmic compartment (Fig. 9,
upper and lower panels). Thus, the inhibition of Erk/MAPK activation prevents the nuclear
import of both Sgk and Erk/MAPK, and further demonstrates that the subcellular
localization of these two protein kinases is linked.

Discussion
In this study we have documented that a new level of cross talk between steroid induced and
serum/growth factor cascades is the regulated co-localization of Sgk and Erk/MAPK to the
nucleus or the cytoplasmic compartment in a signal dependent manner. Both protein kinases
localize primarily to the nucleus in serum treated cells and to the cytoplasmic compartment
in glucocorticoid treated cells. The mutual interaction of Sgk and Erk/MAPK with the
importin-alpha component of the nuclear transport machinery, in combination with the
signal dependent localization of importin-alpha, provides a mechanistic basis to account for
the observed co-localization of these two serine/threonine protein kinases. Furthermore,
RNAi mediated knock down of importin-alpha demonstrated that this nuclear receptor
protein is responsible for the stimulus-dependent nuclear localization of Sgk and Erk, and
that the cytoplasmic localization of both protein kinases in the glucocorticoid treated cells
appears to result from the loss of importin-alpha function. These results suggest that the
cellular processes controlling the nuclear targeting of Sgk and Erk/MAPK play a critical role
in deciding the specific set of responses to extracellular stimuli, and within a given cellular
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location Sgk and Erk/MAPK encounter functionally critical targets of their respective
signaling cascades. For example, in serum treated cells, transport into the nucleus likely
allows access of these protein kinases to potential nuclear targets, such as transcription
factors or components of the cell cycle machinery. Consistent with this view, the nuclear
targeting of Erk/MAPK is essential for cell cycle entry and phosphorylation of its substrate,
the Elk-1 transcription factor [70]. Similarly, the forkhead transcription factor FKHRL1 has
been shown to be phosphorylated by Sgk, which supports the notion that a specific set of
nuclear proteins implicated in growth control and cell survival may be targeted by Sgk in
serum stimulated cells [71].

The nuclear pore complex (NPC) controls the selective bidirectional nuclear/cytoplasmic
trafficking of cellular proteins by a family of importin/exportin shuttling transport factors,
whose regulated activities help establish a controlled barrier between the cytoplasmic and
nuclear compartments [72-75]. Importin-alpha is an adapter protein that directs nuclear
localization sequence driven nuclear import of protein cargoes through the nuclear pore
complex. Results from the immunofluorescence studies of exogenous importin-alpha
suggest that the serum and glucocorticoid signaling pathways regulate the nuclear import
function of importin-alpha at the level of its subcellular localization. Consistent with our
observations, the localization of the Drosophila form of importin-alpha is regulated in
synchrony with the cell cycle in that it is localized in the cytoplasm in G1 and in the nucleus
in S and G2/M phases of the Drosophila cell cycle [76]. We propose that the stimulus-
dependent localization of importin-alpha directs the congruent nuclear/cytoplasmic
compartmentalization of both Sgk and Erk/MAPK, and conceivably the cytoplasmic
residing importin-alpha prevents the nuclear transport of Sgk and Erk/MAPK in
glucocorticoid treated cells. A key future direction will be to uncover the precise
glucocorticoid regulated gene product that controls the signal dependent nuclear/cytoplasmic
distribution of importin-alpha.

GST-pull down assays revealed that both the full length and a truncated 106 amino acid
carboxy-terminal form of importin-alpha, specifically interact with either Sgk or Erk/
MAPK. The carboxy terminal fragment of this nuclear importer has an acidic rich region
that is likely to be involved in binding to both kinases, but is devoid of the central array of
arm repeats, which appear to be critical for binding of certain NLS containing proteins [77].
A diverse set of proteins involved in cellular activities ranging from protein export (such as
components of nuclear transport machinery), gene expression (such as Pax and p300
coactivator) and mRNA biogenesis (such as methyltransferase) selectively interact with the
carboxy end of importin-alpha [78-80]. These findings raise the possibility of importin-alpha
acting as a molecular scaffold, allowing assembly of various proteins similar to the 14-3-3
regulatory proteins and PKA anchoring protein AKAP-79 [81, 82]. We have observed that
wild type or kinase dead forms of Sgk can be co-immunoprecipitated with Erk/MAPK,
suggesting that these protein kinases can reside in a common protein complex. Conceivably,
the mutual interaction with importin-alpha may be to facilitate the regulated nuclear
transport of Sgk and Erk/MAPK in the form of a large signaling complex that enters the
nucleus as a unit, as noted in the case of the nuclear/cytoplasmic shuttling of the yeast Ste5
scaffold protein [83]. Alternatively, the protein complex may potentially serve a second
function to tether Sgk and Erk/MAPK in close physical proximity. We are unable to detect
MAPK bound to anti-Sgk immunoprecipitated complexes (data not shown). One explanation
is that the anti-Sgk polyclonal antibody interferes with the binding of MAPK to Sgk.
Nevertheless, the association of Sgk and MAPK in mammary epithelial tumor cells may
indicate a functional association.

Strikingly, no associations between importin-alpha and Jnk (Fig. 8), which is a MAPK
family member related to Erk/MAPK, or PKC ξ (data not shown), which is highly
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homologous to Sgk, were discernible, despite the fact that these signaling kinases exhibit
regulated nuclear import [66, 84]. These results underscore the specificity of binding of
importin-alpha to the Sgk and Erk/MAPK target proteins. Different isoforms of importin-
alpha have been shown to display unique as well as overlapping substrate specificities [85].
Additional studies will be necessary to clarify whether other importin-alpha isoforms are
also capable of interacting with Erk/MAPK besides importin-alpha 1, especially since these
different isoforms display preferential binding to cellular proteins [85, 86].

Nuclear translocation of Erk/MAPK in response to proliferative stimuli has been
documented in other cell systems [67]. A variety of mechanisms involving the existence of
cytoplasmic anchors such as MEK, Erk specific phosphatases MKP-3 and PTP-SL, and the
Erk/MAPK scaffolding protein MP-1 [70, 87] have been invoked to explain the cytoplasmic
sequestration of Erk/MAPK. However, the cellular machinery that mediates the nuclear
transport of this kinase has not been characterized. Previous studies have hinted at the
possible involvement of an active transport process, based on the efficient nuclear import of
GFP-Erk2/MAPK and the energy dependence of this process [67, 68, 88]. However, our
results indicate for the first time a direct interaction between Erk2/MAPK and importin-
alpha, thereby implicating this nuclear import protein in the regulated nuclear transport of
MAPK family members in other cell systems. The Erk2/MAPK protein sequence does not
contain any obvious NLS, although the 31 amino acid insertion sequence located close to the
phosphorylation lip in the carboxy region of Erk/MAPK is suspected to harbor sequences
resembling a bipartite NLS [89]. Also, alteration of residues 321 and 327 within the context
of the full-length Erk/MAPK protein to alanines prevented the mitogen induced nuclear
translocation, highlighting the importance of these residues in regulated transport of this
kinase [88].

Erk/MAPK is hyperphosphorylated and active in serum-stimulated cells, while the
hypophosphorylated non-active form of Erk/MAPK is produced in glucocorticoid treated
cells, perhaps as a result of a glucocorticoid-induced broad range phosphatase, such as
observed in primary human T cells [29], or in osteoblasts [90], or the actions of MAPK-
specific phosphatases, such as MKP-3 [70] or HVH-1 [91]. Evidence demonstrating
inhibition of Erk/MAPK and Jnk/MAPK members by glucocorticoids in other cell systems
[35, 36], suggests the importance of functional cross-talk between the steroid hormone and
MAPK signaling pathways in mediating specific cellular responses to glucocorticoids The
PI 3-kinase-dependent hyperphosphorylation of Sgk was observed in both serum or
glucocorticoid treated cells, regardless whether the kinase was nuclear in proliferating cells
or cytoplasmic in growth inhibited cells. In this regard, a cytoplasmic form of Sgk is
observed after hyperosmotic stress [55] and in terminally differentiated ovarian cells [92],
which are biological scenarios in which the cells are not proliferating. Sgk expression has
been shown to be elevated by a variety of extracellular cues and physiological conditions
[93-100], and it will be interesting to determine how Sgk localization is regulated in a
stimuli and tissue specific manner in these systems.

We have shown that Sgk shuttles between the nucleus and cytoplasm in synchrony with the
cell cycle [56]. Intriguingly, the human Sgk gene is localized to a single chromosomal locus
at band 6q23, which is a region frequently deleted in various human neoplasms [101]. Erk/
MAPK activity and utilization can be correlated with normal and tumor cell proliferation in
many systems. It is therefore tempting to speculate that functional interactions between
importin-alpha and either Sgk or Erk/MAPK under normal conditions may somehow retard
tumor progression, probably by selectively localizing these protein kinases to specific
cellular compartments containing target proteins involved in growth control. Our current
studies are directed at determining the physiological significance of the nuclear transport
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machinery that employs importin-alpha to control the nuclear import of a subset of protein
kinases in a stimulus-dependent manner.
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Fig. 1.
Effects of serum and glucocorticoids on the co-localization of Sgk and Erk/MAPK. Con8
mammary tumor cells were treated with 10% serum in the presence or absence of 1μM
dexamethasone for 24 hours. The subcellular distribution of Sgk was examined by indirect
immunofluorescence microscopy using affinity-purified rabbit polyclonal antibodies to Sgk
followed by FITC-conjugated goat anti-rabbit secondary antibodies (green fluorescent
staining). Erk1/Erk2 were detected using monoclonal antibodies that specifically recognized
both MAPK family members followed by a rhodamine-conjugated anti-mouse secondary
antibody employed to selectively visualize this protein kinase (red fluorescent staining). The
orange color in the lower panels show the overlap of the green FITC staining and the red
rhodamine signal.
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Fig. 2.
Effects of hydroxyurea on the signal-dependent colocalization of Sgk and Erk/MAPK. Con8
cells were treated with 10% serum in the presence or absence of 1 mM hydroxyurea for 24
hours to induce a cell cycle arrest prior to treatment with 1 μM dexamethasone (Dex) for 24
hours. Panel A: The subcellular distribution of Sgk was examined by indirect
immunofluorescence microscopy using affinity-purified rabbit polyclonal antibodies to Sgk
followed by FITC-conjugated goat anti-rabbit secondary antibodies. Panel B: Erk1/Erk2
were detected using monoclonal antibodies that specifically recognized both MAPK family
members followed by a rhodamine-conjugated anti-rabbit secondary antibody employed to
selectively visualize this protein kinase. DNA was stained to visualize the nucleus using
DAPI.
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Fig. 3.
Stimulus-dependent localization of importin-alpha and endogenous Sgk. Low confluent
(30%) mammary epithelial cells, grown on 2 well lab-tek slides were transfected with
expression vectors encoding full length importin-alpha (HA-FLIa) using lipofectamine. The
cells were serum starved for 36 hours, and then maintained without serum (−serum) or
treated with either 10% calf serum (+ serum) or with 1 μM dexamethasone (Dex) for 15
hours. The localization of HA-importin-alpha (middle panels) and of endogenous Sgk (left
panels) and beta-catenin (right panels) was examined by indirect immunoflorescence
microscopy as described in the Materials and Methods section. Protein expression of HA-
importin-alpha and endogenous Sgk under each of treatment conditions used for localization
studies was evaluated by immunoblotting with anti-HA or anti-Sgk antibodies respectively.
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Fig. 4.
Interaction of ectopically expressed HA-Erk2 and HA-Sgk to recombinant full length and
truncated importin-alpha. Panel A: GST-FLIa (full length importin-alpha) fusion protein is
composed of a GST epitope tag, amino-terminal domain (NTD), Arm repeat containing
domain, and a carboxy-terminal domain (CTD). GST-Tia (truncated importin-alpha) is
composed of GST linked to the carboxy-terminal 106 amino acids (amino acids 423-529).
GST alone was used as a negative control. Panel B: Hek-293 cells were transiently
transfected with expression plasmids encoding either wild-type HA epitope tagged Erk2
(HA-Erk2) or Sgk (WT-HA-Sgk) or HA-Jnk or vector alone, and 48 hours post-transfection
cell lysates were prepared as described in the Methods section. GST protein alone or GST-
FLIa or GST-TIa was incubated with the indicated lysates containing exogenously expressed
wild-type HA-tagged Sgk, or HA-Erk2, or HA-Jnk. The proteins bound to the Glutathione
bead-bound GST or GST-fusion proteins were separated on SDS-PAGE and immunoblotted
with anti-HA antibodies to detect bound proteins. Inputs denote 10% of the extract and
lysates prepared from vector transfected samples served as controls as shown in each panel.
Molecular weight markers are shown on the left side of each panel. Experiments were
repeated three times with similar results.
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Fig. 5.
Knockdown of importin-alpha using RNA interference. Con8 cells were reverse transfected
with 150 nM siRNA specific to importin-alpha or 150 nM of nonspecific (control) siRNA at
the time of plating. Cells were then treated with or without 1 uM dexamethasone for 24
hours. Cell lysates were separated on SDS-PAGE and immunoblotted with anti-importin-
alpha or actin specific antibodies as described in the Materials and Methods section.
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Fig. 6.
Effects of RNAi knock down of importin-alpha on the localization of Sgk and ERK. Con8
cells were reverse transfected with 150 nM siRNA specific to importin-alpha or 150 nM of
nonspecific (control) siRNA at the time of plating. Cells cultured in 10% serum were then
treated with or without 1 uM dexamethasone (Dex) for 24 hours. Panel A: The subcellular
distribution of Sgk was examined by indirect immunofluorescence microscopy using
affinity-purified rabbit polyclonal antibodies to Sgk followed by FITC-conjugated goat anti-
rabbit secondary antibodies. Panel B: Erk1/Erk2 were detected using monoclonal antibodies
that specifically recognized both MAPK family members followed by a rhodamine-
conjugated anti-rabbit secondary antibody employed to selectively visualize this protein
kinase. DNA was stained to visualize the nucleus using DAPI.
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Fig. 7.
Co-immunoprecipitation of Sgk with Erk/MAPK. Panel A: Cells were transiently
transfected with a wild-type Sgk expression vector and then treated with the indicated
combinations of 10% serum and/or 1 μM dexamethasone for 24 hours. Cell extracts were
immunoprecipitated with antibodies directed against either Erk1/Erk2 or to actin, the
immunoprecipitated material electrophoretically fractionated and probed for the presence of
Sgk. Panel B: Cells were transfected with a wild-type (WT) or the kinase dead (K127M)
forms of Sgk or with an empty expression vector (V). Erk1/Erk2 was immunoprecipitated
from the cell extracts, electrophoretically fractionated and western blots probed for the
presence of Sgk.
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Fig. 8.
Effects of serum and glucocorticoids on production of the hyperphosphorylated forms of
Sgk and Erk/MAPK. Serum-treated cells were incubated with 1 μM dexamethasone and at
the indicated time points, total cell extracts were electrophoretically fractionated. Western
blots were probed for production of activated MAPK (top panel) or total Erk1/Erk2 (middle
panel) using the appropriate antibodies. Cells were treated with 10% serum or 1 μM
dexamethasone (Dex) in presence or absence of 50 μM LY294002, which inhibits PI 3-
kinase activity, for 24 hours. A control culture was maintained in the absence of either
stimuli (0 hr). Cell extracts were electrophoretically fractionated and probed for Sgk using
affinity purified anti-Sgk antibodies. The hyperphosphorylated and hypophosphorylated Sgk
species are designated with arrows.
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Fig. 9.
Effects of the PD 98095 MEK inhibitor on the subcellular localization of Sgk and Erk/
MAPK. Con8 cells were treated with 10% serum for 18 hours and 50 uM PD 98095 for the
last 8 hours. The subcellular distribution of Sgk and Erk/MAPK was examined by indirect
immunofluorescence microscopy using affinity-purified rabbit polyclonal antibodies to Sgk
(upper panel) or monoclonal anti-Erk 1 and Erk 2 antibodies (lower panel) as the primary
antibodies respectively. The secondary antibodies were FITC-conjugated goat anti-rabbit
and rhodamine-conjugated goat-anit-mouse, respectively.
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