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ABSTRACT
c-Jun N-terminal kinase (JNK) phosphorylates Ser62 of Bcl-xL to induce
degradation by the ubiquitin proteasome pathway in WEHI-231 cells upon
BCR crosslinking. To elucidate the mechanism underlying this regulation
of Bcl-xL phosphorylation, we prepared a system in which JNK phosphorylated Bcl-xL in HEK293T cells. This phosphorylation was Ser62-specific,
because the phosphorylation of the Ser62Ala (S62A) mutant form of Bcl-xL
was not observed with a pSer62-specific antibody. We found that a signal
transduction molecule,alpha4, enhanced the phosphorylation of Bcl-xL by
JNK. Alpha4 associated both with JNK and Bcl-xL, and was mainly localized in cytoplasm. Therefore, alpha4 may regulate the activity of JNK toward Bcl-xL in cytoplasm. ! 2014 Trade Science Inc. - INDIA

INTRODUCTION
Bcl-xL is one of the anti-apoptotic members of the
Bcl-2 family[1]. Bcl-xL functions in apoptosis involving
the mitochondrial pathway,includingBCR crosslinkinginduced apoptosis of WEHI-231 cells[1, 2]. We previously showed that BCR crosslinking induced Ser62
phosphorylation and the subsequent degradation of BclxL by the ubiquitin proteasome pathwayin WEHI-231
cells[3].
ERK, JNK and p38 are members of the MAPK
family[4]. Many stimuli, including cytokines and stress,
activate JNK[5]. JNK is important in stress-induced
apoptosis mediated by the mitochondrial pathway[5],

Bcl-xL;
JNK, alpha4;
Apoptosis;
Phosphorylation.

and JNK-deficient cells showed severe impairment in
stress-induced apoptosis[5]. The activation of the JNK
pathway results in either cell survival or apoptosis, depending on the stimulus and the cellular context[5]. JNK
is important in the induction of apoptosis in lymphocytes[6]. However, it remains elusive howJNK induces
apoptosis. JNK activation may cause apoptosis by both
transcription-dependent and -independent mechanisms[5]. One ofthe proposed mechanisms of transcription-independent control is that JNK phosphorylates
Bcl-2 familymembers to regulate apoptosis[5]. Sustained
activation of JNK results in apoptosis, while transient
activation results in cell survival[7]. In WEHI-231 cells,
BCR crosslinkinginducedsustainedactivation ofJNK[8].

Bcl-xL phosphorylation
. regulated by alpha4
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Protein phosphatase 6 (PP6) is a serine/threonine
phosphatase which belongs to the PP2A family[9]. The
yeast homolog of PP6, Sit4, was identified as a cell
cycle regulator[10],and human PP6 was shown to be an
apoptosis-related molecule involved in tumor development[11]. We also showed that PP6 is important for the
regulation ofapoptosis[12]. PP6 is composed of a catalytic subunit and regulatory molecules, the SAPs[13].
Alpha4 was originally identified as a molecule associated with the BCR complex[14]. Alpha4 is ubiquitously expressed[14], and its sequence is highly conserved
among mammalian species[15]. It was later revealed that
alpha4 associated with the catalytic subunits of PP2A,
PP4 and PP6[16-19]. Alpha4 regulates the enzymatic activity of PP2A and PP6[18, 20]. Gene targeting experiments showed that alpha4 was essential for cell survival[21, 22]. Recently, other functions of alpha4 have been
reported[23, 24].
Here, we show that JNK phosphorylates Ser62 of
Bcl-xL in HEK293T cells, and this phosphorylation is
enhanced by alpha4, with alpha4 associating with both
JNK and Bcl-xL. An analysis of the subcellular localization revealed that alpha4 may regulate the phosphorylation of Bcl-xL by JNK in the cytoplasm.
MATERIALS AND METHODS

cDNAs were described in a previous study[3]. Human
alpha4 cDNA was described previously[18], and was
subcloned into the pCMV-Tag2 vector (Stratagene, La
Jolla, CA). Human JNK1 cDNA was a kind gift from
Dr. Ogata at Mie University in Japan. Transfection was
performed using HilyMax transfection reagent (Dojindo,
Kumamoto, Japan), as describedpreviously[3]. Transfection of siRNAs was done with RNAiMAX (Life
Technologies, Grand Island, NY) according to the
manufacturer’s instructions.
Subcellular fractionation
The cytosolic, nuclear, and crude mitochondrial fractions were obtained from fresh rat brain by the method
described byde Robertis et al.[25]. The mitochondrial
fraction was prepared after osmotic shock of the crude
mitochondrial fraction.
Immunoprecipitation and Western blot analyses
The immunoprecipitation and Western blot
analyseswere performed as describedpreviously[3]. The
lysis buffer (25 mM Tris pH 7.5, 150 mM NaCl, 1 mM
EDTA, 15 mM NaPPi, 100 mM -glycerophosphate,
25 mM NaF, 100 M Na3VO4, 0.5 % CHAPS) with
phosphatase inhibitor cocktail (Nacalaitesque, Kyoto,
Japan) was used for the analysis of the co-immunoprecipitation of alpha4 with other molecules.

Cells and reagents
The anti-Bcl-xL antibody (Ab) (Abcam, Cambridge, MA), anti-Bcl-xL (pS62) phosphospecific
polyclonal Ab (Millipore, Bedford, MA), and anti-JNK
Ab (Cell Signaling Technology, Danvers, MA), were
purchased for Western blot and/or immunoprecipitation studies. The anti--tubulin III and anti-histone H3
antibodies were purchased from Sigma chemical company (St. Louis, MO) and Active Motif (Carlsbad, CA),
respectively. Anti-alpha4 was prepared as
describedpreviously[18]. M41 was a kind gift from Dr.
Rolink at the University of Basel (Basel, Switzerland).
The JNK inhibitor, SP600125,and siRNA against human alpha4 were purchased from Wako Pure Chemical Industries (Osaka, Japan) and Santa Cruz biotechnology (Dallas, TX), respectively. The HEK293T cell
line was as described previously[3].

RESULTS
Alpha4enhances the phosphorylation of Ser62 of
Bcl-xL induced by JNK

To elucidate the mechanism underlying theregulation
of Bcl-xL phosphorylation JNK, we performed andin
vivo phosphorylation assay with HEK293T
cellstransfected with JNK and Bcl-xL cDNAs. In the
presence of JNK, Bcl-xL was phosphorylated in
HEK293T cells (Figure 1A).
This phosphorylation of Bcl-xL was confirmed to
be mediated by JNK, because the addition of a JNK
inhibitor, SP600125,prevented it (Figure 1A). We also
transfected the S62A mutant form of Bcl-xL cDNA into
HEK293T cells with JNK cDNA. As shown in Figure
1B, an anti-phsopho-Ser62 Ab did not detect any sigPlasmid DNAs and transfection
nal in the lysates of S62A cDNA-transfected cells. We
The wild type and S62A mutant forms of Bcl-xL previously showed that PP6 negatively regulated the
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phosphorylation of Bcl-xL in WEHI-231 cells following BCRcrosslinking[3]. PP6 is composed of the catalytic subunit, PP6c, and regulatory subunits[13], but the
expression levelsof associated molecules (PPR1, PPR2,
and PPR3) were very low in WEHI-231 cells (data
not shown). Therefore, we tested the effect of another
PP6 regulatory molecule,alpha4[16 to19], on the phosphorylation of Bcl-xL in HEK293T cells. The addition of
alpha4 enhanced the phosphorylation of Bcl-xL by JNK
(Figure 1C). To study the effects of alpha4 gene knockdown on the phosphorylation of Bcl-xL by JNK, we
utilized a siRNA against alpha4. When alpha4 siRNA
was transfected to suppress the expression of alpha4 in
HEK293T cells, the phosphorylation of Bcl-xL was
decreased as shown in Figure 1D.

Considering the possibility that alpha4 may associate with JNK or Bcl-xL, we studied the association of
alpha4 with JNK and Bcl-xL. Co-immunoprecipita-

tion experiment indeed showed that alpha4 associated
with both JNK and Bcl-xL Figure 2A.
This suggested that alpha4; Bcl-xL, and JNK interact in the same subcellular compartment. Because
there was a report that alpha4 resides in the nucleus[23],
we investigated the subcellular localization of these three
molecules.Cytoplasmic, nuclear, and mitochondrial fractions were prepared from rat brain as described in the
Materials and Methods section. Bcl-xL was found in
all three compartments, as reported previously Figure
2B[1]. JNK was found most abundantly in the cytoplasm and was also found in the nucleus and mitochondria at moderate levels. Finally, alpha4 was detected
mostly in the cytoplasmic fraction, and was barely detectable in the nucleus or mitochondria. A Western blot
analysis with an anti-histone H3 Ab revealed that no
nuclear fraction was contaminated with mitochondria
or cytoplasm. A Western blot analysis with an anti-
tubulin IIIAb suggested that the cytoplasmic fraction
hadslightly leaked into the nuclear and mitochondrial

(A)

(C)

(B)

(D)

Alpha4 associates with both JNK and Bcl-xL in
the cytoplasmic compartment

Figure 1 : Alpha4 regulates the phosphorylation of Ser62 of Bcl-xL by JNK; (A) JNK1 and Bcl-xL cDNAs were transfected
into HEK293T cells as indicated, in the presence or absence of SP600125. The lysates were prepared after 24 h of transfection and were subjected to a Western blot analysis with an anti-pSer62 specific Ab. (B) Wild type or S62A mutant cDNA of BclxL was transfected together with JNK cDNA, and the level of phospho-Bcl-xL was detected as in (A). (C) Alpha4 had a
regulatory function in the phosphorylation of Bcl-xL by JNK. The effects of the co-transfection of alpha4 cDNAwereexamined
by a Western blot analysis with an anti-pSer62 specific Ab.(D) The phosphorylation of Bcl-xL by JNK was diminished in the
presence of siRNA against alpha4. The expression level of alpha4 was decreased after transfection of the siRNA intoHEK293T
cells.
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tochondria-dependent and requires JNK, but this process does not require transcription[5]. JNK has at least
10 isoforms, and each isoform is believed to have unique
functions[5, 26]. JNK1 is responsiblefor UV-induced
apoptosis[26]. We here showed that JNK1 is important
in the phosphorylation of Bcl-xL, which is important in
the BCR-induced apoptosis.
We also showed that alpha4 regulated the activity
of JNK toward Bcl-xL. However, it was not determined whether alpha4 works directly on JNK or not.
JNK does not phosphorylate Bcl-xL in vitro[27], suggesting that other molecules are necessary for its activity on Bcl-xL. The activity of JNK is tightly regulated
by upstream kinases, including MKK4/7, and MKKKs
such as ASK1 and TAK1[5]. PP2C or PP6 regulates
the MKKK-MKK-JNK pathway by dephosphorylating ASK1 or TAK1, respectively[28 to 30]. The eluci(A)
dation of the mechanism by which alpha4 regulates the
JNK activity needs further investigation.
Previous reports showed that alpha4 deficiency
resulted in apoptosis[21, 22]. It was also reported that
alpha4 did not associate with either JNK or Bcl-xL[22].
The difference between our present results and those in
the previous studies may be explained by the difference
in the cell employed for the experiments, or the fact that
we used a different type of detergent that is suitable for
detecting associationsbetween proteins. The phosphatase inhibitors which were included in the lysis buffer
may also have helped to maintain the association between alpha4 and other molecules.
(B)
Alpha4 was originally identified as a component of
Figure 2 : Alpha4 associate swith both JNK and Bcl-xL in the
the BCR complex, and cloning of its cDNA and the
cytoplasm; (A) FLAG-JNK1 or FLAG-Bcl-xLcDNA was transfected into HEK293T cells, together with HA-tagged alpha4 determination of its predicted amino acid sequence recDNA, as indicated in the figure. The association between vealed that it had neither trans-membrane nor nuclear
alpha4 and JNK or Bcl-xL was assessed by immunoprecipitat localization signals[14]. One report indicated that alpha4
ization of these molecules. Anti- tubulin III and anti-histone resides mainly in the nucleus[23]. The differences beH3 Abs were employed to verify the fractionation.
tween that study and our present findings may be exfractions. These results suggested that alpha4 may regu- plained by the different tissues/cells examined. Howlate the phosphorylation of Bcl-xL by JNK specifically ever, the fact that the major binding partners, PP2A or
in the cytoplasm.
PP6, have been reported to exist in the cytoplasm corroborates our results[31]. Bcl-xL was previously demDISCUSSION
onstrated to exist in both the cytoplasm and mitochondria under normal conditions, and to translocate from
JNK is necessary for the induction of apoptosis the cytoplasm to the mitochondrion uponthe induction
through the mitochondrial-dependent, but not ofapoptosis[1]. It was first reported that JNK was exindependent,pathway[5]. UV-induced apoptosis is mi- pressed mainly in the cytoplasm and translocated to the
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nucleus to phosphorylate c-jun[5]. However,arecent report showed that JNK was localized in
themitochondria[32]. JNK and alpha4 may regulate the
protein level of Bcl-xL in the cytoplasm or in the mitochondrion upon the induction of apoptosis to tilt the
fate of the cell to death by promoting the degradation
of the Bcl-xL protein by the ubiquitin proteasome pathway.
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