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We report the identification of a TRAF-interacting protein, T6BP,
that specifically associates with TRAF6. This interaction occurs
between the coiled-coil region of T6BP and the N-terminal ring
finger and zinc finger domains of TRAF6. IL-1, but not tumor
necrosis factor, induces TRAF6–T6BP complex formation in a
ligand-dependent manner. Formation of the TRAF6–T6BP complex
depends on the presence of the IL-1 receptor-associated kinase
(IRAK). After IL-1 stimulation, TRAF6 can exist in two separate
complexes, TRAF6–IRAK or TRAF6–T6BP, but IRAK is not present in
TRAF6–T6BP complexes. T6BP does not seem to play a direct role
in activation of IkB kinases or Jun N-terminal kinase.

Tumor necrosis factor receptor (TNFR)-associated factors
(TRAFs) are a family of proteins that were discovered

initially as downstream signal transducers of the TNFR super-
family (1–3). More recently, TRAFs were also shown to be
involved in signaling by TollyIL-1 receptor (IL-1R) family
members (4, 5). To date, six members of the TRAF family have
been identified (1–4, 6–11). TRAFs 1–6 are characterized by a
coiled-coil TRAF-N domain and a conserved C-terminal
TRAF-C domain (4). The TRAF-C domain mediates interac-
tions among TRAF proteins as well as their association with
members of the TNFR superfamily (3, 12, 13). In addition,
TRAFs 2–6 contain an N-terminal ring fingeryzinc finger region
that is thought to be essential for downstream signaling
(1, 3, 4, 9–11).

Several members of the TRAF family, including TRAF2,
TRAF5, and TRAF6, have been implicated in various signal
transduction pathways leading to the activation of the transcrip-
tion factor NF-kB (4, 9–11, 14). Overexpression of TRAF2,
TRAF5, or TRAF6 activates NF-kB, and truncated versions of
TRAF2, TRAF5, and TRAF6 lacking zinc-binding domains act
as dominant-negative inhibitors of NF-kB activation mediated by
various stimuli, suggesting that these TRAFs are common
mediators for NF-kB activation (4, 9–11, 14). On the other hand,
TRAF1, TRAF3, and TRAF4 do not seem to be involved in
NF-kB activation (15).

Data on the physiologic roles of four TRAF family members
have been determined by gene targeting experiments (5, 16–20).
TRAF2, TRAF3, and TRAF6 are essential for perinatal and
postnatal survival (5, 16, 18). Furthermore, studies on TRAF6-
deficient mice revealed that TRAF6 is required for IL-1-, CD40-,
lipopolysaccharide-, and IL-17-induced NF-kB activation (5, 20).
Moreover, TRAF6-deficient mice are osteopetrotic with defects
in bone remodeling and tooth eruption caused by impaired
osteoclast function (5).

Among the six TRAFs described to date, TRAF6 is the least
homologous across the prototypical TRAF domain (4). TRAF6
was identified originally in 1996 as a molecule that binds to the
cytoplasmic domain of CD40 (11) and that acts as a signal
transducer in the IL-1 signaling pathway (4). The important role
of TRAF6 in IL-1 signaling is now well established. IL-1 induces
the complex formation of the type I receptor (IL-1RI) and the
receptor accessory protein. The cytosolic protein MyD88 is then
recruited to the receptor complex, where it acts as an adaptor
protein and mediates the association of IL-1 receptor-associated
kinase (IRAK) with the receptor (21–23). IRAK then interacts

with TRAF6, which mediates IL-1-induced NF-kB and c-jun
N-terminal kinase (JNK) activation (4, 5). The mechanism by
which TRAF6 is then able to activate the kinases involved in the
NF-kB and JNK pathways is not understood. The activation of
NF-kB requires the IkB kinase complex (24), and the activation
of JNK is thought to be mediated by the MEKK family of protein
kinases (25).

To gain more insights about the physiologic roles of TRAF6,
we performed a two-hybrid screening with a HeLa cell cDNA
library and full-length TRAF6 as a bait. We identified a 86-kDa
protein, T6BP, that associates with TRAF6 after IL-1 stimula-
tion. T6BP seems to represent a previously unidentified com-
ponent in IL-1 signaling.

Materials and Methods
Reagents. Recombinant human IL-1b was purchased from Bio-
Source International (Camarillo, CA). Recombinant human
TNF was provided by Genentech. Anti-Flag monoclonal anti-
body M2 was purchased from Sigma. Rabbit anti-Flag, anti-Myc,
anti-glutathione S-transferase (anti-GST), and anti-CD40 poly-
clonal antibodies were from Santa Cruz Biotechnology. Gluta-
thione beads were purchased from Amersham Pharmacia. The
anti-TRAF6 antibodies, anti-IRAK antibody, 293.IL-1RI cells,
and I1A cells were kindly provided by Zhaodan Cao (Tularik).
The 293.CD40 cells and a membrane preparation of CD40 ligand
were generously provided by Ralf Schwandner (Tularik). The
rabbit anti-T6BP antiserum was raised against a 34-mer peptide:
ELKIEKTMKEKEELLKLIAVLEKETAQLREQVGR.

Expression Vectors. Mammalian expression vectors encoding
TRAFs 1–6 have been described (15). T6BP was expressed as
N-terminally tagged Flag or Myc fusion proteins by using the
pRK vector. Deletion mutants of T6BP and TRAF6 were
generated by PCR.

Yeast Two-Hybrid Cloning. DNA encoding full-length TRAF6 was
used as bait in the MATCHMAKER LexA Two-hybrid System
(CLONTECH). The two-hybrid screening was performed ac-
cording to the manufacturer’s recommendations, except that a
pretransformed HeLa cDNA library (generously provided by
Hsing-Jien Kung, University of California, Davis, CA) was used.
Positive yeast clones were selected by prototrophy for leucine
and expression of b-galactosidase. Yeast DNA was recovered
and transformed into Escherichia coli. The cDNA insert from the
two-hybrid clone of T6BP (which corresponds to the C-terminal
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part of the full-length T6BP) was used to search the expressed
sequence tag database, and clone AI016700 encoding the full-
length T6BP was purchased from Genome Systems (St. Louis).
DNA sequencing was performed on an Applied Biosystems
automated DNA sequencer.

Transfection, Immunoprecipitation, and Immunoblotting Analyses.
293 cells were transiently transfected with expression plasmids
with the Profection calcium phosphate transfection kit (Pro-
mega). After 24–36 h, cells were washed with cold PBS and lysed
in RIPA buffer containing 137 mM NaCl, 2.7 mM KCl, 4.3 mM
Na2HPO4, 1.4 mM KH2PO4 (pH 7.2), 1% Triton X-100, 0.5%

sodium deoxycholate, 0.1% SDS, 1 mM PMSF, 1 mM NaF, and
the Complete protease inhibitors (Roche Molecular Biochemi-
cals). Immunoprecipitation and immunoblotting analyses were
performed as described (26).

For detection of the endogenous interaction of TRAF6 with
T6BP, 293.IL-1RI cells (a 293 cell line stably expressing IL-1RI;
ref. 4), HeLa cells, 293.CD40 cells (a 293 cell line stably
expressing Flag-tagged CD40), or I1A cells (IRAK-deficient
293.IL-1RI cells; ref. 27) were stimulated with 10 ngyml IL-1,
100 ngyml TNF, or 250 mgyml membrane preparation of CD40
ligand at 37°C for various times. After extensive washing with
cold PBS, cells were lysed in lysis buffer A (20 mM TriszCl, pH
7.5y150 mM NaCly1% Triton X-100y1 mM EDTAy1 mM
NaFy1 mM PMSF and the complete protease inhibitors; ref. 26).
Immunoprecipitation was carried out with rabbit anti-T6BP
antibody, and immunoblotting was performed with a monoclo-
nal mouse anti-TRAF6 antibody or a polyclonal rabbit anti-
T6BP antibody.

JNK Assays and Reporter Assays. Kinase assays and reporter assays
were performed as described (28). Briefly, for the JNK assay, 293
cells were transiently transfected with 1 mg of hemagglutinin
(HA)-JNK plasmid (29) together with various amounts of
TRAF6 or T6BP constructs. The total DNA transfected (10 mg)
was kept constant by supplementation with control vector pRK5.
Cell lysates were immunoprecipitated with anti-HA antibody

Fig. 1. Predicted amino acid sequence of T6BP. The amino acid sequence
deduced from the nucleotide sequence of the full-length T6BP cDNA is shown.
The single underlines show the coiled-coil regions. The 34-amino acid peptide
used for generating anti-T6BP antibody is indicated by a double underline.
The two amino acids that are different from TXBP151 are indicated by aster-
isks. The full-length T6BP nucleotide sequence has been deposited in GenBank
(accession no. AF268075).

Fig. 2. T6BP specifically interacts with TRAF6. 293 cells were transiently
transfected with expression vectors encoding Myc-epitope-tagged T6BP and
the Flag-tagged TRAFs 1–6. Cell extracts were prepared and immunoprecipi-
tated (IP) with anti-Flag monoclonal antibody (F) or control mouse IgG (C).
Coprecipitating Myc-T6BP was detected by immunoblotting (IB) analysis with
the anti-Myc polyclonal antibody (Top). The amount of TRAFs immunopre-
cipitated and the expression level of Myc-T6BP in total cell extracts were
determined by immunoblotting with anti-Flag polyclonal antibody (Middle)
and anti-Myc polyclonal antibody (Bottom). The positions of T6BP and TRAFs
are indicated. KD, kilodalton.

Fig. 3. The N-terminal ring finger and zinc finger regions of TRAF6 are
required for its interaction with T6BP. (A) 293 cells were transiently trans-
fected with the Myc-epitope tagged T6BP (amino acids 185–747) and the
GST-tagged TRAF6 deletion mutants. Cell extracts were prepared and immu-
noprecipitated (IP) with glutathione beads. Coprecipitating Myc-T6BP was
detected by immunoblotting (IB) analysis with the anti-Myc polyclonal anti-
body (Top). The amounts of GST-TRAF6 deletion mutants immunoprecipitated
and the expression levels of Myc-T6BP in total cell extracts were determined
by immunoblotting with anti-GST antibody (Middle) and anti-Myc antibody
(Bottom). (B) Myc-epitope tagged T6BP (amino acids 185–747) and the Flag-
tagged TRAF6 deletion mutants were transiently expressed in 293 cells. Cell
extracts were prepared and immunoprecipitated with anti-Flag monoclonal
antibody (F) or control mouse IgG (C). Coprecipitating Myc-T6BP was detected
by immunoblotting analysis with the anti-Myc polyclonal antibody (Top). The
amounts of TRAF6 deletion mutants immunoprecipitated were determined by
immunoblotting with anti-Flag polyclonal antibody (Middle). The expression
of Flag-TRAF6 (amino acids 1–354) is weak but can be detected with anti-
TRAF6 monoclonal antibody (Bottom). KD, kilodalton.
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(Roche Molecular Biochemicals) and subjected to kinase reac-
tion with 1 mg of GST-c-Jun (amino acids 1–79) as substrate. For
the reporter assays, 293 cells were transfected with an E-selectin-
luciferase reporter gene plasmid, a b-galactosidase internal
control plasmid, and various amounts of expression constructs.
Reporter gene activity was determined with the Luciferase Assay
System (Promega).

Results
Isolation of cDNA Clone Encoding T6BP. We performed yeast two-
hybrid interaction cloning to screen for proteins that associate
directly with TRAF6. In this screening, we identified a TRAF6-
binding protein, T6BP. The full-length T6BP has 747 amino acids
and is almost identical to the previously described TXBP151-L
(30), with a difference in 2 amino acids (amino acids 233 and 234
are glutamine and leucine, respectively, in T6BP and histidine
and valine, respectively, in TXBP151-L; Fig. 1). TXBP151-L has
been identified as a TAX- and A20-binding protein (30). T6BP
has three coiled-coil domains (amino acids 185–248, 350–413,
and 526–589) and two helix–loop–helix regions (amino acids
206–225 and 435–454) as identified by Genetics Computer
Group protein analysis tools (Madison, WI; Fig. 1). T6BP shares
an overall 50% identity and 59% similarity to a recently iden-
tified chicken protein MDP62, which has been implicated in
promoting neurite outgrowth (31).

T6BP Specifically Interacts with TRAF6. The interaction of T6BP
with TRAF6 was analyzed in mammalian cell coimmunopre-

cipitation assays. Full-length T6BP containing an N-terminal
Myc epitope tag was transiently coexpressed in 293 cells with
Flag epitope-tagged TRAF proteins. Cell lysates were immuno-
precipitated with an anti-Flag monoclonal antibody. Coprecipi-
tating T6BP was detected by immunoblotting analysis with
anti-Myc polyclonal antibodies. In this assay, T6BP specifically
coprecipitates TRAF6 but not TRAFs 1–5 (Fig. 2).

N-Terminal Ring Finger and Zinc Finger Regions of TRAF6 Are Required
for Its Interaction with T6BP. TRAF6 contains an N-terminal ring
finger domain (amino acids 1–110) followed by five zinc fingers
(amino acids 130–273). The C-terminal TRAF domain of
TRAF6 can be divided further into TRAF-N (amino acids
274–350) and TRAF-C (amino acids 351–522) domains. To
determine which regions of TRAF6 contribute to T6BP binding,
various TRAF6 deletion mutants were generated as either
GST-tagged proteins or Flag-tagged proteins. The TRAF6
deletion constructs were cotransfected with an expression vector
encoding myc-tagged T6BP (amino acids 185–747) into 293 cells,
and protein–protein interaction experiments were performed.
Deletion of the N-terminal ring finger and zinc fingers of TRAF6
abolishes the association between TRAF6 and T6BP (Fig. 3A).
The N-terminal region (amino acids 1–354) of TRAF6, which
contains the ring and zinc fingers, was able to bind T6BP, but the
C-terminal TRAF domain (amino acids 289–522) of TRAF6
does not bind T6BP (Fig. 3B). These data demonstrate that the
interaction between TRAF6 and T6BP requires the N terminus
of TRAF6.

Fig. 4. The TRAF6-interacting domains in T6BP. 293 cells were transiently
transfected with expression vectors encoding Myc-epitope tagged T6BP de-
letion mutants and Flag-tagged TRAF6. Cell extracts were prepared and
immunoprecipitated (IP) with anti-Flag monoclonal antibody (F) or control
mouse IgG (C). Coprecipitating Myc-T6BP deletion mutants were detected by
immunoblotting (IB) analysis with the anti-Myc polyclonal antibody (Top). The
amounts of TRAF6 immunoprecipitated and the expression level of Myc-T6BP
deletion mutants in total cell extracts were determined by immunoblotting
with anti-Flag polyclonal antibody (Middle) and anti-Myc antibody (Lower).
KD, kilodalton.

Fig. 5. Self-association of T6BP. Myc-epitope tagged T6BP deletion mutants
and the Flag-tagged full-length T6BP were coexpressed in 293 cells. Cell
extracts were prepared and immunoprecipitated (IP) with anti-Flag monoclo-
nal antibody (F) or control mouse IgG (C). Coprecipitating Myc-T6BP deletion
mutants were detected by immunoblotting (IB) analysis with the anti-Myc
polyclonal antibody (Top). The amounts of Flag-T6BP immunoprecipitated
and the expression level of Myc-T6BP deletion mutants in total cell extracts
were determined by immunoblotting with anti-Flag polyclonal antibody
(Middle) and anti-Myc antibody (Lower).
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Domains in T6BP That Are Responsible for TRAF6-Binding and Self-
Association. T6BP contains three coiled-coil domains and two
helix–loop–helix domains. To determine which regions of T6BP
contribute to TRAF6 binding, various T6BP deletion mutants
were generated. Flag-tagged TRAF6 and Myc-tagged T6BP
deletion mutants were coexpressed in 293 cells, and immuno-
precipitation experiments were performed. The results indicate
that T6BP has two independent TRAF6-binding domains: either
amino acids 1–320 (a domain that includes the first coiled-coil
region of T6BP) or amino acids 321–747 (a domain that includes
the second and third coiled-coil regions of T6BP) alone can
interact with TRAF6 (Fig. 4). T6BP is also capable of self-
association as demonstrated by experiments in which Flag-
tagged full-length T6BP and Myc-tagged T6BP deletion mutants
were coexpressed in 293 cells. The second coiled-coil region of
T6BP (amino acids 320–420) is responsible for T6BP self-
association (Fig. 5).

IL-1-Inducible Interactions Among TRAF6, T6BP, and IRAK. To deter-
mine whether TRAF6 and T6BP interact endogenously, we used
a 293 cell line stably expressing IL-1RI, which responds well to
IL-1 stimulation (4). Cells were stimulated with IL-1, lysed, and
immunoprecipitated with an anti-T6BP rabbit polyclonal anti-
body. Endogenous TRAF6 was coprecipitated with T6BP in a
time-dependent manner; TRAF6 is readily detectable 5 min
after IL-1 stimulation and peaks at 30 min (Fig. 6A Top). IRAK
is not present in these T6BP immunoprecipitates (Fig. 6A
Bottom).

To explore the complex formation between TRAF6, T6BP,
and IRAK further, the IL-1-stimulated 293.IL-1RI cell lysates
were immunoprecipitated with either anti-TRAF6 (Fig. 6B) or
anti-IRAK (Fig. 6C) antibodies and immunoblotted with anti-
bodies against TRAF6, T6BP, or IRAK. Although T6BP and
IRAK can be recruited to TRAF6 after IL-1 treatment, T6BP
and IRAK are not present in the same complex. These results

suggest that TRAF6–T6BP and TRAF6–IRAK exist as two
mutually exclusive complexes.

IRAK Is Required for the IL-1-Inducible TRAF6–T6BP Complex Forma-
tion. To investigate the role of IRAK in IL-1-induced TRAF6–
T6BP complex formation, we used the IRAK-deficient I1A cell
line, which was derived from 293.IL-1RI cells through mutagen-
esis (27). The T6BP–TRAF6 complex is not detectable in
IL-1-treated I1A cells (Fig. 7A), indicating that IRAK is required
for the IL-1-induced interaction between TRAF6 and T6BP.
Interestingly, when I1A cells are transiently transfected with an
IRAK expression plasmid, the TRAF6–T6BP interaction was
restored (Fig. 7B). However, this interaction was now IL-1-
independent, probably because of the constitutive activation of
IRAK during transfection.

The TRAF6–T6BP Interaction Is IL-1-Specific. TNF is a proinflamma-
tory cytokine that has similar activities to IL-1. For example,
HeLa cells respond equally well to IL-1 and TNF stimulation in
terms of NF-kB activation. However, the TRAF6–T6BP com-
plex formation is not detected in HeLa cells after stimulation
with TNF (Fig. 8A). Gene-targeting experiments in mice have
shown that TRAF6 is also required for CD40, lipopolysaccha-
ride, and IL-17 signaling pathways (5, 20). Therefore, we ex-
plored whether the TRAF6–T6BP complex formation occurs
after CD40 ligand stimulation. In 293.CD40 cells (a 293 cell line
stably expressing Flag-tagged CD40), stimulation with a mem-
brane preparation of CD40 ligand does not result in the inducible

Fig. 6. IL-1-inducible interactions among TRAF6, T6BP, and IRAK. 293.IL-1RI
cells were stimulated with 10 ngyml IL-1 for various times. Cell lysates were
immunoprecipitated (IP) with an anti-T6BP rabbit polyclonal antibody (A),
anti-TRAF6 polyclonal antibody (B), or anti-IRAK polyclonal antibody (C).
Coprecipitating endogenous proteins were detected by immunoblotting (IB)
with anti-TRAF6 monoclonal antibody (Top), anti-T6BP polyclonal antibody
(Middle), or anti-IRAK polyclonal antibody (Bottom). The positions of TRAF6,
T6BP, and IRAK are indicated.

Fig. 7. IRAK is required for the IL-1-inducible TRAF6–T6BP complex forma-
tion. (A) 293.IL-1RI cells or I1A cells were stimulated with 10 ngyml IL-1 for
various times. Cell lysates were immunoprecipitated (IP) with anti-T6BP anti-
body and immunoblotted (IB) with anti-TRAF6 monoclonal antibody (Upper).
The amounts of T6BP in the immunoprecipitates were determined by immu-
noblotting with anti-T6BP antibody (Lower). (B) I1A cells were transiently
transfected with HA-tagged IRAK in pRK expression vector and stimulated
with 10 ngyml IL-1 for various times. Cell lysates were immunoprecipitated
with anti-T6BP antibody and immunoblotted with anti-TRAF6 monoclonal
antibody (Upper). The amounts of T6BP in the immunoprecipitates were
determined by immunoblotting with anti-T6BP antibody (Lower).

9570 u www.pnas.org Ling and Goeddel



TRAF6–T6BP association (Fig. 8B Left), although TRAF6 is
recruited to the activated CD40 receptor in a time-dependent
manner (Fig. 8B Right).

T6BP Is Not an Activator of NF-kB or JNK Pathways. As a proinflam-
matory cytokine, IL-1 initiates a cascade of signaling events
leading to the activation of NF-kB and JNK. TRAF6 is required
for NF-kB and JNK activation by IL-1. When transiently ex-
pressed in 293 cells, TRAF6, but not T6BP, can activate an
NF-kB luciferase reporter in a dose-dependent manner (Fig.
9A). To test wether T6BP can activate the JNK pathway, TRAF6
or T6BP was coexpressed with a HA-tagged JNK construct in
293 cells. Although TRAF6 activates HA-JNK in an in vitro
kinase assay by using GST-c-Jun as a substrate, T6BP does not
(Fig. 9B). In addition, T6BP does not inhibit IL-1-induced
NF-kB or JNK activation in cotransfection experiments (data
not shown). These results indicate that T6BP may play a role in
signaling IL-1 responses distinct from NF-kB or JNK activation.

Discussion
IL-1 is a proinflammatory cytokine that participates in defense
response to environmental challenges by generating fever, acti-
vating lymphocytes, and promoting infusion of leukocytes into
the sites of injury or infection (32). IL-1 signals through a
receptor complex of IL-1RI and the IL-1R accessory protein to
generate multiple cellular responses. IL-1 binding to the receptor
complex results in the recruitment of the adaptor molecule
MyD88 and the serineythreonine kinase IRAK. IRAK becomes
autophosphorylated and then interacts with TRAF6, which
transduces the IL-1 signal downstream to NF-kB and JNK
activation.

In this study, we report the identification of a TRAF6-
interacting protein, T6BP. Interestingly, TRAF6 is the only
TRAF protein that interacts with T6BP, and this interaction
requires the N-terminal ring fingeryzinc finger domains of
TRAF6. To our knowledge, this is the first case of a TRAF-
binding protein that interacts with a single member of the TRAF
family specifically through ring fingeryzinc finger domains. The
ring fingeryzinc finger domains of TRAF proteins are thought to
be important in transducing signals to downstream targets (1, 4,
11, 14). Like TRAF proteins, T6BP can also self-associate.

Previously, we identified a protein, MIP-T3, that specifically
associates with TRAF3 (26). TRAF3 dissociates from the
TRAF3–MIP-T3 complex and is recruited to the CD40 receptor
on CD40 ligand stimulation (26). Herein, we present another
TRAF-binding protein, T6BP, whose interaction with TRAF6
can be induced by IL-1. Identification and characterization of
TRAF-binding proteins specific for single members of the
TRAF family will be important for understanding the different
roles played by individual TRAF proteins.

The association of TRAF6 with T6BP is also different from
the interaction of TRAF2 with c-IAP1 (33, 34). In TNF receptor
signaling, TRAF2 and c-IAP1 are rapidly recruited to both
TNFR1 and TNFR2 signaling complexes in a TNF-dependent
manner in untransfected mammalian cells (34). TRAF2 and
c-IAP1 are preassociated, and the TRAF2–c-IAP1 complex
interacts with TNFR2 via TRAF2 (33, 34), whereas the recruit-
ment of TRAF2 and c-IAP1 to TNFR1 is mediated by TRADD
(13, 34). In the case of IL-1 receptor signaling, IRAK, not

Fig. 8. The TRAF6–T6BP interaction is IL-1-specific. (A) HeLa cells were
stimulated with 10 ngyml IL-1 or 100 ngyml TNF for various times. Cell lysates
were immunoprecipitated (IP) with anti-T6BP antibody and immunoblotted
(IB) with anti-TRAF6 monoclonal antibody (Upper). The amounts of T6BP in
the immunoprecipitates were determined by immunoblotting with anti-T6BP
antibody (Lower). (B) 293.CD40 cells were stimulated with a membrane prep-
aration of CD40 ligand for various times. Cell lysates were immunoprecipi-
tated with anti-T6BP antibody and immunoblotted with anti-TRAF6 mono-
clonal antibody (Upper Left). The amounts of T6BP in the immunoprecipitates
were determined by immunoblotting with anti-T6BP antibody (Lower Left).
The same cell lysates were also immunoprecipitated with anti-Flag antibodies
that recognize the Flag-tagged CD40 receptor and were immunoblotted with
anti-TRAF6 monoclonal antibody (Upper Right). The amounts of CD40 recep-
tor in the immunoprecipitates were determined by immunoblotting with
anti-CD40 antibody (Lower Right).

Fig. 9. T6BP is not an activator of NF-kB or JNK pathways. (A) 293 cells were
transiently cotransfected with an E-selectin-luciferase reporter gene plasmid
and various amounts (given in micrograms per 35-mm plate) of TRAF6 or T6BP
expression plasmids. At 24 h after transfection, luciferase activities were
determined and normalized on the basis of b-galactosidase expression. (B) 293
cells were transiently cotransfected with HA-JNK plasmid and various amounts
(given in micrograms per 100-mm plate) of TRAF6, T6BP, or MEKK1 expression
plasmids. Cell lysates were immunoprecipitated (IP) with anti-HA antibody
and incubated with [g-32P]ATP in the presence of bacterially expressed GST-
Jun (amino acids 1–79). The proteins were resolved by SDSyPAGE and analyzed
by autoradiography (Upper). The HA-JNK protein expression levels were
determined by immunoblotting (IB) with anti-HA antibody (Lower). The po-
sitions of GST-Jun (1–79) and HA-JNK are indicated.
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TRAF6, is recruited to the activated receptors. IRAK becomes
highly phosphorylated and then forms a complex with TRAF6
that is not associated with the IL-1 receptor.

Our results suggest that IRAK is required for IL-1-induced
TRAF6–T6BP complex formation. Like TRAF6, IRAK has
been shown both biochemically and genetically to be essential for
NF-kB and JNK activation by IL-1 (35–37). It is tentative to
place TRAF6–T6BP complex downstream of TRAF6–IRAK
complex. It can be postulated that only ‘‘modified’’ TRAF6,
either aggregated or phosphorylated by IRAK, is therefore
capable of interacting with T6BP.

Although gene targeting data in mice suggest that TRAF6 is
also important in CD40 signaling, CD40 ligand does not induce
the TRAF6–T6BP complex formation. These results agree well
with the requirement for IRAK in TRAF6–T6BP complex
formation. In CD40 signaling, TRAF6 is directly recruited to the
activated receptor, bypassing the dependence on IRAK of the
IL-1 pathway (11). It will be interesting to investigate whether

activation of IL-18 or Toll signaling pathways induces the
interaction between TRAF6 and T6BP, because IRAK is im-
plicated in these pathways (38, 39).

TRAF6 is essential for NF-kB and JNK activation by IL-1.
However, T6BP neither activates nor inhibits either of these two
pathways in transient transfection experiments (Fig. 9 and data
not shown). These results provide clues for bifurcation of the
NF-kByJNK pathways and other pathways at the level of
TRAF6. Additional efforts will be required to determine the
specific functional roles of the T6BP–TRAF6 complex in IL-1
signaling and of T6BP in other pathways.
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