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Epstein–Barr virus latent infection integral membrane protein 1
(LMP1) mimics a constitutively active TNF receptor (TNFR). LMP1
has two C-terminal cytosolic domains, transformation effector sites
(TES)1 and -2, that engage TNFR-associated factors (TRAFs) and the
TNFR-associated death domain protein, respectively, and activate
NF-�B. NF-�B activation is critical for Epstein–Barr virus-infected
lymphoblast survival. TES1- and TES2-mediated NF-�B activations
are IL-1 receptor-associated kinase 1 (IRAK1)-dependent. Because
IRAK1 is upstream of TRAF6 in IL-1 activation of NF-�B, the
potential role of IRAK1 in LMP1-mediated NF-�B activation through
TRAF6 and inhibitor of �B (I�B) kinase (IKK) was initially investi-
gated. Surprisingly, LMP1 expression activated TRAF6 ubiquitina-
tion, IKK� induction of I�B� phosphorylation, and p65 nuclear
translocation in both WT and IRAK1-deficient I1A 293 cells. LMP1
also induced IKK�-mediated p100 processing and p52 nuclear
localization in WT and IRAK1-deficient I1A 293 cells. Further, LMP1
TES1 and TES2 induced p65, p50, and p52 NF-�B DNA binding in WT
and IRAK1-deficient I1A 293 cells. However, LMP1 induced p65�
RelA S536 phosphorylation only in WT 293 cells or in IRAK1 kinase
point mutant reconstituted I1A 293 cells but not in IRAK1-deficient
I1A 293 cells. IRAK1 was also required for LMP1 activation of p38,
one of the kinases that can mediate p65�RelA S536 phosphoryla-
tion and activate NF-�B-dependent transcription. Thus, the critical
IRAK1 role in LMP1-induced NF-�B activation is in mediating
p65�RelA S536 phosphorylation through an effect on p38 or other
p65 S536 kinases.

Epstein–Barr virus (EBV) is causally associated with lymphoid
and epithelial malignancies such as B cell lymphoprolifera-

tive diseases in severely immune-compromised people, Burkitt’s
lymphoma, T cell lymphoma, Hodgkin’s Disease, and Nasopha-
ryngeal Carcinoma (1, 2). EBV-encoded latent infection mem-
brane protein 1 (LMP1) is critical for EBV-infected B lympho-
cyte conversion to proliferating lymphoblasts and is expressed in
most EBV-associated malignancies (1, 2). LMP1 expression
causes established rodent fibroblasts to lose contact inhibition
and form tumors in severe combined immunodeficient mice (3).
LMP1 expression in human B lymphoblasts alters the growth
phenotype and induces an antiapoptotic state (4, 5), whereas
expression in transgenic mice results in B cell lymphomas (6).

The experiments reported here investigate molecular mech-
anisms that underlie LMP1 effects. LMP1 consists of a 24-amino
acid cytosolic N terminus, 162 amino acids in six hydrophobic
transmembrane domains, and a 200-amino acid cytosolic C
terminus. The LMP1 N terminus and six transmembrane do-
mains aggregate and thereby enable constitutive clustering and
signaling from the cytosolic C terminus. The LMP1 C terminus
first and last 35 residues constitute domains that engage TNF
receptor (TNFR)-associated factors (TRAFs) and the TNFR-
associated death domain protein (TRADD), respectively. The
TRAFs and TRADD-binding domains activate NF-�B, C-Jun
N-terminal kinase, and p38 (7–22). The two domains are re-
ferred to as C-terminal activation regions and transformation
effector sites (TES)1 and -2. TES1 interacts with TRAF1, 2, 3,

and 5 through a consensus PXQXT motif similar to that in the
CD40 TNFR. CD40 TRAF binding is critical for B lymphocyte
survival in germinal centers after antigen stimulation (23). TES2
binds TRADD and receptor-interacting protein through the
LMP1 C-terminal 11 residues. LMP1 TES2 mutants that do not
interact with TRADD fail to activate NF-�B (13, 20). TES1 and
2 are critical for NF-�B activation and EBV conversion of
primary B lymphocytes to proliferating lymphoblasts (LCLs).
NF-�B activation is critical for EBV LCL survival (24, 25).

NF-�B is a family of transcription factors whose activity is
regulated by transcription, post-translational processing, reten-
tion in the cytoplasm by inhibitors [inhibitor of �B (I�B)], I�B
serine�threonine phosphorylations, ubiquitinations and degra-
dations that release NF-�B heterodimers to the nucleus, and
serine�threonine phosphorylations that activate transcription
(reviewed in refs. 26 and 27). In the first delineated or canonical
NF-�B pathway, TNFR signaling induces activation of an IKK�,
-�, and -� complex, IKK� phosphorylation of I�B�, I�B�
ubiquitination and degradation, p65�p50 translocation to the
nucleus, p65�p50 binding to cognate DNA sites, and specific
promoter up-regulation (26, 27). p65-mediated transcription is
regulated by S536 phosphorylation in the transactivation domain
(TAD) (reviewed in ref. 28). TRAF family member-associated
NF-�B activator (TANK)-binding kinase (TBK), IKK�, and p38
can phosphorylate p65 S536 and activate NF-�B-mediated tran-
scription downstream of TNF� and IL-1� (29–34). CD40,
lymphotoxin � receptor (LT�R), and B cell-activating factor
activate NK-�B-dependent promoters through a noncanonical
pathway that involves TRAFs, NF-�B-inducing kinase (NIK),
IKK�, p100 processing to p52, and translocation of p52�Rel
heterodimers (26, 27).

Experiments using cells deficient in Toll-IL-1 receptor (TIR)
signaling components have indicated that IL-1 receptor-
associated kinase 1 (IRAK1) and TRAF6 are critical for LMP1-
induced NF-�B activation (35). These experiments were under-
taken to investigate the role of IRAK1 in LMP1-mediated
NF-�B activation.

Results
LMP1 Activation of NF-�B Does Not Require IRAK1 Kinase Activity. As
reported (35), LMP1 expression-mediated NF-�B activation was
75% reduced in IRAK1-deficient I1A 293 cells (Fig. 1, lane 6).
The potential importance of IRAK1 kinase activity for LMP1-
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induced NF-�B activation was investigated by using IRAK1-
deficient I1A that had been reconstituted with a kinase-negative
IRAK1 K239S point mutant (I1A-K239S) (35, 36). IRAK1
K239S restored 60% of WT NF-�B responsiveness to IRAK1-
deficient I1A cells, despite only 25–28% of WT IRAK1 expres-
sion (Fig. 1, lane 4). Thus, IRAK1 kinase activity is dispensable
for LMP1-induced NF-�B activation.

LMP1 Induces TRAF6 Polyubiquitylation in IRAK1-Deficient Cells.
Downstream of IL-1, IRAK1 associates with TRAF6 and affects
TRAF6 polyubiquitination, TAK1 activation, IKK� activation,
I�B� degradation and NF-�B activation (37, 38). To investigate
whether IRAK1 has a similar role in TRAF6 polyubiquitination
downstream of LMP1, TRAF6 ubiquitination was assayed in WT
and IRAK1-deficient I1A 293 cells after cotransfection with
LMP1 and hemagglutinin (HA)-ubiquitin expression vectors,
immunoprecipitation of TRAF6, and anti-HA Western blot. In
WT 293 cells, LMP1 significantly induced TRAF6 polyubiquiti-
nation (Fig. 2, compare lanes 3 with 2). Surprisingly, background
TRAF6 polyubiquitination was higher in IRAK1-deficient I1A
293 cells and increased substantially in response to LMP1
expression (Fig. 2, compare lane 5 with lanes 4 and 3). Thus,
IRAK1 deficiency results in increased basal and LMP1-induced
TRAF6 polyubiquitination. Clearly, TRAF6 polyubiquitination
does not require IRAK1. Enhanced TRAF6 polyubiquitination
in I1A cells is likely due to the low level of LMP1-mediated
NF-�B activation in IRAK1-deficient I1A cells. In WT cells,
NF-�B activation induces expression of A20, which deubiquiti-
nates TRAF6-conjugated K63 polyubiquitin linkages and con-
jugates TRAF6 with K48 polyubiquitin linkages, resulting in
TRAF6 degradation and down-regulation of NF-�B activation
(39–42).

LMP1 Induces I�B� Phosphorylation and Nuclear p65 Translocation in
IRAK1-Deficient I1A 293 Cells. To more directly assay the effect of
IRAK1 deficiency on LMP1-mediated IKK� activation and
I�B� phosphorylation, WT or I1A 293 cells were transfected
with LMP1 and treated or not with MG132 for 3 h to inhibit
phospho-I�B� degradation. TNF� treatment for 30 min in the
presence or absence of MG132 served as a positive control.
LMP1 and TNF� induced similar levels of I�B� phosphorylation

in MG132-treated WT or I1A 293 cells. I�B� phosphorylation
was not detected in either cell type in the absence of LMP1 or
MG132, indicating that LMP1 and TNF� similarly activate IKK�
to phosphorylate I�B� in WT and IRAK1-deficient I1A 293
cells (Fig. 3A). The requirement for MG132 for observation of
phospho-I�B� is consistent with active ubiquitination and deg-
radation of phosphorylated I�B� in the absence of MG132.
Furthermore, p65 localized to the nucleus of LMP1 expressing
or TNF�-treated WT and IRAK1-deficient I1A 293 cells (Fig.
3C, lanes 9, 7, 10, and 12), whereas the vector control did not
induce p65 nuclear localization (Fig. 3C, lanes 8 and 11). Thus,
LMP1 induction of I�B� phosphorylation and p65 nuclear
localization was similar in WT and IRAK1-deficient I1A 293
cells.

Because LMP1 TES1- and TES2-mediated NF-�B activa-
tions are similarly decreased in I1A 293 cells (35) and TES1
effects mostly NIK�IKK� noncanonical NF-�B activation
(43–46), the potential role of IRAK1 in noncanonical NF-�B
activation was investigated. LMP1 also induced similar levels
of p100 processing to p52 in WT and IRAK1-deficient I1A 293
cells at both 24 and 48 h, indicating IRAK1 is not required for
LMP1-induced NIK�IKK� activation (Fig. 3B, lanes 2, 4, 6,
and 8). Further, LMP1 induced p52 nuclear localization in WT
and IRAK1-deficient I1A 293 cells (Fig. 3C, lanes 9 and 12)
but not in vector control-transfected cells (Fig. 3C, lanes 8 and
11). These data indicate that IRAK1 is not required for LMP1
activation of NIK�IKK�, p100 to p52 processing, or p52
nuclear translocation.

LMP1 Induces Similar NF-�B Probe DNA-Binding Activities in WT and
IRAK1-Deficient I1A 293 Cells. Because LMP1 induced similar
I�B� phosphorylation and p65 and p52 nuclear localization in
WT and I1A 293 cells, potential differences in LMP1 effects
on NF-�B binding to DNA were assessed. LMP1, LMP1 TES2
(null mutant in TES1), LMP1 TES1 (null mutant in TES2), or
LMP1 DM (null mutant in TES 1 and TES2) were expressed
in WT control or IRAK1-deficient I1A 293 cells. EMSA using
a HIV1 LTR NF-�B site revealed that LMP1 (Fig. 4, lanes 2,
14, and 16), LMP1 TES2 (Fig. 4, lanes 6 and 21), and LMP1
TES1 (Fig. 4, lanes 10 and 25) induced similarly intense
specific gel shifts in extracts from WT and I1A 293 cells. The
LMP1-, LMP1 TES2-, and LMP1 TES1-induced NF-�B com-
plexes were particularly impressive in comparison to LMP1
DM, which was similar to control 293 cell extracts (Fig. 4, lanes
1 and 15 and data not shown). The gel-shift complexes were

Fig. 2. LMP1-induced TRAF6 polyubiquitination in control and IRAK null 293
cells. Control WT (lanes 2 and 3) or IRAK null (I1A) 293 cells (lanes 4 and 5) were
transfected with either pSG5 (�) or pSG5-FLMP1 (�) and pcDNA-HA-Ub. After
24 h, TRAF6 was immunoprecipitated, and the immunoprecipitates were
subjected to Western blot analysis with either anti-HA antibody (top) or
anti-TRAF6 antibody (bottom).

Fig. 1. IRAK1 kinase activity is not required for LMP1-induced NF-�B activa-
tion. Control WT (lanes 1 and 2), IRAK1 null (I1A) 293 cells (lanes 5 and 6), or
I1A 293 cells stably expressing kinase-dead IRAK1 (I1A-K239S) (lanes 3 and 4)
were transfected with either pSG5 (�) or pSG5- FLMP1 (�). After 24 h, NF-�B
luciferase reporter activity was measured. Luciferase activity was normalized
for transfection efficiency by phosphoglycerate kinase �-gal activity. The level
of IRAK1 in cells described above was determined by Western blot analysis.
The intensity of each band was measured by using a Molecular Imaging
Station from Kodak (Rochester, NY).
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substantially diminished in the presence of excess unlabeled
probe DNA (Fig. 4, lane 17).

Specific p65, p50, and p52 components in the gel shift were
identified by antibody-mediated supershift analyses. The LMP1-,

LMP1 TES2-, and LMP1 TES1-induced complexes supershifted
extensively in response to p65 antibody, whereas p50 antibody
supershifted more rapidly migrating complexes and p52 antibody
supershifted more slowly migrating components (Fig. 4, lanes

Fig. 3. LMP1-induced IKK activation in IRAK1 null 293 cells. (A) Control WT (lanes 1–3) or IRAK1 null (I1A) 293 cells (lanes 4–6) were transfected with either
pSG5 (Control, lanes 2 and 5) or pSG5-FLMP1 (LMP1, lanes 3 and 6). A parallel untransfected culture was treated with TNF� for 30 min (lanes 1 and 4). Cells were
treated with or without MG132 for 30 min before harvest. Equal amounts of cell extracts were subjected to Western blot analysis with either antiphospho-I�B�

antibody or antitubulin antibody. (B) Control WT (lanes 1–4) or IRAK null (I1A) 293 cells (lanes 5–8) were transfected with either pSG5 (�) or pSG5-FLMP1 (�).
After 24 or 48 h, equal amounts of cell extracts were subjected to Western blot analysis with either anti-p100�p52 antibody or antitubulin antibody. (C) Control
WT (lanes 1–3 and 7–9) and IRAK1 null (I1A) 293 cells (lanes 4–6 and 10–12) were transfected with pSG5 (Control) or pSG5-FLMP1 (LMP1). After 48 h, cytoplasmic
(lanes 1–6) or nuclear (lanes 7–12) extracts were subjected to Western blot analysis with either anti-p65�RelA antibody or anti-p100�p52 antibody; p100 and
tubulin were controls for cytoplasmic contamination of the nuclear fraction. As another control, untransfected WT 293 cells were treated with TNF� for 30 min
before harvest.

Fig. 4. NF-�B complexes from
IRAK1-null I1A 293 cells bind DNA.
Control WT (lanes 1–14) or IRAK1
null (I1A) 293 cells (lanes 15–28)
were transfected with LMP1 WT
(lanes 2–5 and 16–20), LMP1 TES2
(lanes 6–9 and 21–24), LMP1 TES1
(lanes 10–13 and 25–28), or a non-
activating double mutant, LMP1
DM (lanes 1 and 15) (35). Extracts
were made 48 h after transfection,
and EMSAs used a NF-�B probe de-
rived from the HIV LTR. NF-�B EM-
SAs were treated with antibodies to
p65 (lanes 3, 7, 11, 18, 22, and 26), to
p50 (lanes 4, 8, 12, 19, 23, and 27) or
to p52 (lanes 5, 9, 13, 20, 24, and 28)
to assess NF-�B complex composi-
tion. Specificity of the complexes
was demonstrated by competition
with 100� cold probe (lane 17) (c*,
cold competitor probe).
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3–5, 7–9, and 11–13). Antibody to p52 may have supershifted
more probe using extracts from TES1-expressing cells than with
extracts from LMP1 WT- or TES2-expressing cells (Fig. 4, lane
13 compared with lanes 5 and 9). Most notably, the NF-�B
complex was similar with extracts from WT and IRAK1-
deficient I1A 293 cells (Fig. 4, lanes 18–20, 22–24, and 26–28).
These data indicate that LMP1, TES2, and TES1 induce similar
p65, p50, and p52 gel-shift complexes in control and IRAK1-
deficient I1A 293 cells. Thus, IRAK1 is not required for LMP1,
TES2, or TES1 induction of NF-�B p65, p50, or p52 DNA-
binding activities.

IRAK1 Is Required for LMP1-Induced p65�RelA Phosphorylation. Be-
cause IRAK1 is not required for LMP1 TES1- or TES2-induced
IKK activation or any step before or including DNA binding, and
transcriptional activation also depends on p65 TAD S536 phos-
phorylation (28), LMP1-induced p65 S536 phosphorylation was
assayed in WT, IRAK1-deficient I1A, and IRAK1 kinase-
deficient I1A-K239S 293 cells. LMP1 significantly induced p65
S536 phosphorylation in WT 293 and in I1A-K239 293 cells (Fig.
5A, lanes 2 and 4) but did not induce p65 S536 phosphorylation
in I1A 293 cells (Fig. 5A, lane 6). Thus, IRAK1 but not IRAK1
kinase activity is required for LMP1-induced p65 TAD S536
phosphorylation.

IRAK1 Is Required for LMP1-Induced p38 Activation. Because p38
activation can effect p65 S536 phosphorylation and is required
for TNF-induced NF-�B-mediated transcription (32, 33, 47), the
role of IRAK1 in LMP1-induced p38 activation was assessed.
Using antibody specific for p38 T180�Y182 phosphorylation,
LMP1 activated p38 phosphorylation at 24 and 48 h in WT 293
cells but did not activate p38 in IRAK1-deficient I1A 293 cells
(Fig. 5B, lanes 2 and 4, versus Fig. 5B, lanes 6 and 8). These data

indicate that IRAK1 is required for LMP1 activation of p38 in
293 cells.

Discussion
These investigations were initiated with the hypothesis that, like
TIR signaling, the dependence of LMP1-mediated NF-�B acti-
vation on IRAK1 reflected a critical role in the recruitment and
activation of TRAF6 (37, 38). In TIR signaling, IRAK1 is a
scaffold for recruitment of TRAF6 to Myd88 and subsequent
TRAF6 activation (37, 38). However, our data indicate that
IRAK1 is dispensable for LMP1-mediated TRAF6 polyubiq-
uitination, I�B� phosphorylation, p100 processing to p52, p65
and p52 nuclear localization, and NF-�B gel-shift activities.
Instead, IRAK1 was critically required for p65�RelA TAD S536
phosphorylation (Fig. 6).

In I1A 293 cells, both TES1- and TES2-mediated NF-�B
activation is decreased (35). Indeed, p65 TAD S536 phosphor-
ylation could be the underlying IRAK1-dependent step in both
TES1- and LMP1 TES2-mediated NF-�B activation. Our data
indicate that TES1 and TES2 induce similar levels of p65
gel-shift activity, consistent with the previous observation that
TES1 activates noncanonical p65�p52 complexes in C33 cells
(48). Also, lymphotoxin � induces NIK- and IKK�-mediated p65
transcriptional activity through p65 S536 phosphorylation (29).
Furthermore, phorbol 12-myristate 13-acetate and ionomycin-
induced p65 S536 phosphorylation is not inhibited by I�B�
expression, which is characteristic of the noncanonical pathway
(49). Thus, the IRAK1 dependence of TES1-mediated NF-�B
activation is likely because of a need for p65 phosphorylation for
efficient transcriptional enhancement by p65�p52 complexes.

Fig. 5. LMP1-induced p65�RelA phosphorylation and p38 mitogen-activated
protein kinase activation depend on IRAK1. (A) Control WT (lanes 1 and 2),
IRAK1 null (I1A) 293 cells (lanes 5 and 6), or I1A 293 cells stably expressing
kinase-dead IRAK1 (I1A-K239S) (lanes 3 and 4) were transfected with either
pSG5 (�) or pSG5-FLMP1 (�) and p65-GFP. After 24 h, cell extracts were
harvested and subjected to Western blot analysis with either antiphospho-p65
serine 536 antibody, anti-p65 antibody, or antitubulin antibody. (B) Control
(lanes 1–4) or I1A (lanes 5–8) 293 cells were transfected with either pSG6(�)
or pSG5-FLMP1 (�) and Flag-p38. After 24 and 48 h, cell extracts were
harvested and subjected to Western blot analysis with either anti-phospho-
p38 at T180�Y182 antibody or antitubulin antibody. The intensity of each
band was measured by using a Molecular Imaging Station from Kodak.

Fig. 6. Model for LMP1-induced NF-�B activation. LMP1 TES1 binds TRAFs,
activates NIK and IKK�, induces p100 processing to p52, and induces nuclear
translocation of p65�p52 NF-�B complexes. LMP1 TES2 binds TRADD and
receptor-interacting protein and stimulates TRAF6 ubiquitination, IKK� acti-
vation, I�B� phosphorylation and degradation, and nuclear translocation of
p65�p50 NF-�B complexes. IRAK1 is essential for NF-�B transactivation in-
duced by both TES1 and TES2. IRAK1 is not required for IKK activation but is
required for phosphorylation of the p65 transactivation domain at Serine 536
and subsequent p65�p50- or p65�p52-mediated transcriptional activation.
LMP1-mediated p38 activation is IRAK1-dependent. IRAK1 may be a scaffold
for p38 or another p65 S536 kinase such as TBK1 or IKK�.
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IRAK1 may also be required for RelB phosphorylation by LMP1
TES1, although the significance of RelB phosphorylation is not
understood (28).

TBK1, IKK�, and p38 mitogen-activated protein kinase can
activate NF-�B-mediated transcription by phosphorylating the
p65 TAD S536 in response to TIR signaling (31–34). Phos-
phorylation of p65 S536 enhances transactivation by recruit-
ment of histone acetyltransferases. Interestingly, our data
indicate that IRAK1 kinase activity is not required for p65
S536 phosphorylation.

In the experiments reported here, IRAK1 was required for
LMP1-mediated p38 activation. LMP1 TES1 and TES2 contrib-
ute to p38 activation (18). Furthermore, p38 is required for
TNFR-induced NF-�B-mediated transcription (47) and for LPS-
and IL-1�-mediated p65 S536 phosphorylation (32). Also,
IRAK1-dependent p38 activation downstream of LMP1 could
have a role in p38-mediated histone H3 phosphorylation and
-increased NF-�B transcriptional activity (50). Although our
experiments indicate that IRAK1 is critical for LMP1-induced
p38 activation in 293 cells, we have not shown that p38 activation
is critical for LMP1-induced NF-�B-dependent transcription in
these cells.

In addition to p38, TBK1 and IKK� could have critical roles
in LMP1-induced IRAK1-dependent p65 S536 phosphorylation
and activation of NF-�B-mediated transcription. Indeed, a dom-
inant-negative TBK1 kinase point mutant partially inhibited
LMP1-induced NF-�B activation in 293 cells (data not shown).
TRAF3 can associate with TBK1 and IRAK1 in TIR signaling
(51, 52). Perhaps TRAF3 can mediate IRAK1�TBK1 recruit-
ment to LMP1 TES1.

IRAK1 may also mediate p65 S536 phosphorylation in re-
sponse to TNF�. The signaling molecule that interacts with
pelle-like kinase (SIMPL) binds IRAK1 and is required for
TNF�-mediated NF-�B activation in 293 cells (53). In response
to TNF�, SIMPL localizes into the nucleus, binds to p65, and
induces p65-mediated transcription (53). In the absence of
SIMPL, p65 translocates to the nucleus but fails to induce
transcription. Thus, SIMPL may function as a scaffold to recruit
a kinase(s) that phosphorylates p65 S536. LMP1 signaling may
parallel TNFR signaling in using an IRAK1-SIMPL cascade that
culminates in p65 S536 phosphorylation.

While this manuscript was in preparation, LMP1-mediated
IKK� activation and NF-�B DNA binding were found to be
intact in 293 cells depleted for IRAK1 with small interference

RNA, leading to the incorrect conclusion that IRAK1 is not
required for LMP1-induced NF-�B activation (54).

Materials and Methods
Cells, Plasmids, Antibodies, and Transfections. I1A 293 cells stably
transfected with kinase-dead IRAK1 (K239S) were kindly pro-
vided by Xiaoxia Li (Cleveland Clinic Foundation, Cleveland).
A vector expressing GFP-p65 was kindly provided by D. Ballard
(Vanderbilt University, Nashville, TN). Antibodies to IRAK1,
TRAF6, p65�RelA, and HA were purchased from Santa Cruz
Biotechnology. An antibody to p100�p52 was a kind gift from
Warner Greene (University of California, San Francisco). An-
tibodies to phospho-I�B�, phospho-p65�RelA at serine 536, and
phospho-p38 at threonine 180�tyrosine 182 were purchased
from Cell Signaling Technology (Beverly, MA). Antibody to
tubulin was purchased from Sigma Aldrich. For transient trans-
fection, effectene transfection reagents were used according to
the manufacturer’s directions (Qiagen, Valencia, CA).

Immunoprecipitation. Five million cells were lysed with radio-
immunoprecipitation assay (RIPA) buffer (25 mM Tris�HCl,
pH 7.5�150 mM NaCl�2 mM EDTA�1% Nonidet P-40�0.1%
SDS�0.5% sodium deoxycholate) containing 50 mM sodium
fluoride and 1 mM sodium orthovanadate and protease in-
hibitor mixture (Roche, Indianapolis). Cell lysates were pre-
cleared with protein A�G agarose beads (Santa Cruz Biotech-
nology) and incubated at 4°C for overnight with anti-TRAF6
antibody (Santa Cruz Biotechnology). Immune complexes
were collected on protein A�G agarose beads and washed
three times with RIPA buffer. Immunoprecipitates were
eluted by addition of an equal volume of 2� SDS�PAGE
loading buffer (100 mM Tris�HCl, pH 6.8, containing 4% SDS,
0.02% bromophenol blue, and 2% 2-mercaptoethanol) and
subjected to Western blot analysis with either anti-HA anti-
body or anti-TRAF6 antibody (Santa Cruz Biotechnology).

EMSA. EMSAs (24) used 2 �g of antibodies to p65�RelA and p50
from Santa Cruz Biotechnology or to p52 from Upstate Tech-
nology (Charlottesville, VA).
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