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Introduction
Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and crossreferenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.
The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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TRAF6 mediated induction of proinflammatory cytokines ↗
Stable identifier: R-GGA-433871
Inferred from: TICAM1,TRAF6-dependent induction of TAK1 complex (Homo sapiens)

Together with ubiquitin-conjugating E2-type enzymes UBC13 and UEV1A (also known as UBE2V1),
TRAF6 catalyzes Lys63-linked ubiquitination. It is believed that auto polyubiquitination and oligomerization of TRAF6 is followed by binding the ubiquitin receptors of TAB2 or TAB3 (TAK1 binding protein 2
and 3), which stimulates phosphorylation and activation of TGF beta-activated kinase 1(TAK1).
TAK1 phosphorylates IKK alpha and IKK beta, which in turn phosphorylate NF-kB inhibitors - IkB and
eventually results in IkB degradation and NF-kB translocation to the nucleus. Also TAK1 mediates JNK
and p38 MAP kinases activation by phosphorylating MKK4/7 and MKK3/6 respectively resulting in the activation of many transcription factors.
The role of TRAF6 is somewhat controversial and probably cell type specific. TRAF6 autoubiquitination
was found to be dispensable for TRAF6 function to activate the TAK1 pathway. These findings are consistent with the new mechanism of TRAF6-mediated NF-kB activation that was suggested by Xia et al.
(2009). TRAF6 generates unanchored Lys63-linked polyubiquitin chains that bind to the regulatory subunits of the TAK1 (TAB2 or TAB3) and IKK (NEMO), leading to the activation of the kinases.
Xia et al. (2009) demonstrated in vitro that unlike polyubiquitin chains covalently attached to TRAF6 or
IRAK, TAB2 and NEMO-associated ubiquitin chains were unanchored and susceptible to N-terminal ubiquitin cleavage. Only K63-linked polyubiquitin chains, but not monomeric ubiquitin, activated TAK1 in a
dose-dependent manner. Optimal activation of the IKK complex was achieved using ubiquitin polymers
containing both K48 and K63 linkages.
Furthermore, the authors proposed that the TAK1 complexes might be brougt in close proximity by binding several TAB2/3 to a single polyubiquitin chain to facilitate TAK1 kinases trans-phosphorylation. Alternatively, the possibility that polyUb binding promotes allosteric activation of TAK1 complex should
be considered.
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viral dsRNA: TLR3: TICAM1 recruits TRAF6 ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-433808
Type: binding
Compartments: endosome membrane, cytosol
Inferred from: Viral dsRNA:TLR3:TICAM1 complex recruits TRAF6 (Homo sapiens)

TRAF6 is recruited to the N-terminal domain of TICAM1 and this event is followed by auto polyubiquitination and oligomerization of TRAF6.
Chicken TRAF6 protein, confirmed by transcript evidence, shows 76% amino acid sequence identity with
human TRAF6.
Followed by: Auto ubiquitination of the TRAF6 within the complex viral dsRNA:TLR3:TICAM1:TRAF6
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Auto ubiquitination of the TRAF6 within the complex viral
dsRNA:TLR3:TICAM1:TRAF6 ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-433981
Type: omitted
Compartments: endosome membrane, cytosol
Inferred from: Auto ubiqitination of TRAF6 bound to viral dsRNS:TLR3:TICAM1 complex (Homo sapiens)

TRAF6 possesses ubiquitin ligase activity and undergoes K-63-linked auto-ubiquitination after its oligomerization. In the first step, ubiquitin is activated by an E1 ubiquitin activating enzyme. The activated
ubiquitin is transferred to a E2 conjugating enzyme (a heterodimer of proteins Ubc13 and Uev1A) forming the E2-Ub thioester. Finally, in the presence of ubiquitin-protein ligase E3 (TRAF6, a RING-domain
E3), ubiquitin is attached to the target protein (TRAF6 on residue Lysine 124) through an isopeptide bond
between the C-terminus of ubiquitin and the epsilon-amino group of a lysine residue in the target protein. In contrast to K-48-linked ubiquitination that leads to the proteosomal degradation of the target protein, K-63-linked polyubiquitin chains act as a scaffold to assemble protein kinase complexes and mediate their activation through proteosome-independent mechanisms. This K63 polyubiquitinated TRAF6
activates the TAK1 kinase complex.
Preceded by: viral dsRNA: TLR3: TICAM1 recruits TRAF6
Followed by: Activated chicken TRAF6 synthesizes free K63bound poly_Ub chains within the complex
dsRNA :TLR3 :TICAM1

Literature references
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Activated chicken TRAF6 synthesizes free K63bound poly_Ub chains within the complex dsRNA :TLR3 :TICAM1 ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-433936
Type: omitted
Compartments: endosome membrane, cytosol
Inferred from: Activated TRAF6 synthesizes unanchored polyubiquitin chains upon TLR stimulation
(Homo sapiens)

TRAF6 generates unanchored Lys63-linked polyubiquitin chains that bind to the regulatory subunits of
the TAK1 (TAB2 or TAB3), leading to the activation of TAK1[Xia et al. 2009].
Preceded by: Auto ubiquitination of the TRAF6 within the complex viral dsRNA:TLR3:TICAM1:TRAF6
Followed by: TRAF6 recruits TAK1 kinase complex

Literature references
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TRAF6 recruits TAK1 kinase complex ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-433950
Type: binding
Compartments: endosome membrane, cytosol
Inferred from: Activated TLR3:TRIF:K63pUb-TRAF6 recruits TAK1complex (Homo sapiens)

Polyubiquitinated TRAF6 activates TAK1 by binding to the ubiquitin receptor TAB2 (also known as
MAP3K7IP2). This binding leads to autophosphorylation and activation of TAK1.
Preceded by: Activated chicken TRAF6 synthesizes free K63bound poly_Ub chains within the complex
dsRNA :TLR3 :TICAM1
Followed by: Activation of recruited TAK1
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Activation of recruited TAK1 ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-433957
Type: transition
Compartments: endosome membrane, cytosol
Inferred from: Activation of recruited TAK1 within the activated TLR3 complex (Homo sapiens)

Chicken TAK1 complex proteins TAK1, TAB1, TAB2 and TAB3, confirmed by transcript evidence, show
89%, 88% , 87%, 85% amino acid identity with their human counterparts respectively.
Embryonic fibroblasts and B cells derived from TAK1-deficient mice show reduced NF-kappaB, JNK and
p38 activation in response to various TLR ligands. Furthermore, ERK1 and ERK2 activation was also reduced in TAK1-deficient mouse B cells [Sato S et al 2005].
Although there are no experimental data showing a TAK1 functional role in chicken innate immune response, its kinase activity was demonstrated to be essential for BCR (B cell antigen receptor)-mediated
IKK and JNK activation in chicken DT40 B cells [Shinohara H et al 2005]. When BCR-mediated NF-kappaB
activation was abolished, JNK phosphorylation was completely abolished, while ERK was activated normally in a TAK1-deficient chicken DT40 B cell line.
Thus, TAK1 is believed to activate the IKK complex that leads to NF-kappaB activation. Also TAK1 phosphorylates members of the MAP kinase kinase family, MKK4, MKK3 and MKK6, which subsequently activate JNK and p38. ERK is also activated in response to TLR ligands through the activation of MEK1 and
MEK2, although an upstream kinase activating MEK1 and MEK2 in TLR signaling remains unknown.
Polyubiquitinated TRAF6 activates TAK1 by binding to the ubiquitin receptor TAB2 (also known as
MAP3K7IP2). This binding leads to autophosphorylation and activation of TAK1.
Preceded by: TRAF6 recruits TAK1 kinase complex
Followed by: Activated chicken TAK1 dissociates from the activated TLR3 complex

Literature references
Deng, L., Inoue, J., Akkaraju, GR., Hong, M., Wang, C., Chen, ZJ. (2001). TAK1 is a ubiquitin-dependent kinase of
MKK and IKK. Nature, 412, 346-51. ↗
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Activated chicken TAK1 dissociates from the activated TLR3 complex ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-921145
Type: dissociation
Compartments: endosome membrane, cytosol
Inferred from: Phosphorylated TAK1 dissociates from the TLR3 receptor complex (Homo sapiens)

Phosphorylated TAK1 complexed with TRAF6-TAB1-TAB2/TAB3 leaves the activated TLR4 complex and
translocates to the cytosol
Preceded by: Activation of recruited TAK1
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TAK1 activates NFkB by phosphorylation and activation of IKKs complex ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-434001
Inferred from: TAK1-dependent IKK and NF-kappa-B activation (Homo sapiens)

NF-kappa-B is sequestered in the cytoplasm in a complex with inhibitor of NF-kappa-B (IkB). Almost all
NF-kappa-B activation pathways are mediated by IkB kinase (IKK), which phosphorylates IkB resulting in
dissociation of NF-kappa-B from the complex. This allows translocation of NF-kappa-B to the nucleus
where it regulates gene expression.

Literature references
Chen, ZJ. (2005). Ubiquitin signalling in the NF-kappaB pathway. Nat Cell Biol, 7, 758-65. ↗
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MAPK activation in TLR cascade ↗
Location: TRAF6 mediated induction of proinflammatory cytokines
Stable identifier: R-GGA-451524
Inferred from: MAP kinase activation (Homo sapiens)

The mitogen activated protein kinase (MAPK) cascade, one of the most ancient and evolutionarily conserved signaling pathways, is involved in many processes of immune responses. The MAP kinases cascade transduces signals from the cell membrane to the nucleus in response to a wide range of stimuli
(Chang and Karin, 2001; Johnson et al, 2002).
There are three major groups of MAP kinases
•

the extracellular signal-regulated protein kinases ERK1/2,

•

the p38 MAP kinase

•

and the c-Jun NH-terminal kinases JNK.

ERK1 and ERK2 are activated in response to growth stimuli. Both JNKs and p38-MAPK are activated in response to a variety of cellular and environmental stresses. The MAP kinases are activated by dual phosphorylation of Thr and Tyr within the tripeptide motif Thr-Xaa-Tyr. The sequence of this tripeptide motif
is different in each group of MAP kinases: ERK (Thr-Glu-Tyr); p38 (Thr-Gly-Tyr); and JNK (Thr-Pro-Tyr).
MAPK activation is mediated by signal transduction in the conserved three-tiered kinase cascade: MAPKKKK (MAP4K or MKKKK or MAPKKK Kinase) activates the MAPKKK. The MAPKKKs then phosphorylates a dual-specificity protein kinase MAPKK, which in turn phosphorylates the MAPK.
The dual specificity MAP kinase kinases (MAPKK or MKK) differ for each group of MAPK. The ERK MAP
kinases are activated by the MKK1 and MKK2; the p38 MAP kinases are activated by MKK3, MKK4, and
MKK6; and the JNK pathway is activated by MKK4 and MKK7. The ability of MAP kinase kinases (MKKs,
or MEKs) to recognize their cognate MAPKs is facilitated by a short docking motif (the D-site) in the MKK
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N-terminus, which binds to a complementary region on the MAPK. MAPKs then recognize many of their
targets using the same strategy, because many MAPK substrates also contain D-sites.
The upstream signaling events in the TLR cascade that initiate and mediate the ERK signaling pathway
remain unclear.
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