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Structural and biochemical studies on ubiquitin

signaling in the NF-xB pathway
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The transcription factor NF-xB plays vital roles in many physiological and pathological
processes, primarily by controlling the transcription of cytokines, antimicrobial effectors, and
genes that regulate cell differentiation, survival and proliferation. In the resting cells NF-«xB 1s
kept inactive in the cytoplasm by binding to inhibitory molecules (IkBs). Activation is tightly
regulated by a signaling network that integrates stimuli from various sources. The endpoint of
all signaling pathways is phosphorylation of the IxBs by IKK (IxB kinase) complex.
Subsequently, IxB is ubiquitylated and undergoes proteasomal degradation. IKK comprises
two catalytic subunits, IKKo and IKKB, and a regulatory subunit, NEMO (NF-«B essential
modulator). Although possessing no enzymatic activity, NEMO is required for IKK and thus
NF-xB activation in most circumstances. Activation of IKK is mediated by binding of NEMO
to ubiquitylated substrates via its UBAN (ubiquitin binding in ABIN and NEMO proteins)
motif.

UBAN motif is also conserved in ABIN and Optineurin proteins. ABIN-1 (A20 binding
and inhibitor of NF-xB) is known as an inhibitor of the NF-xB pathway. ABIN-1 is an
ubiquitin sensor and its binding to ubiquitin chains via UBAN motif is required for its
inhibitory activity.

In order to shed light on the regulatory role of ubiquitin signaling in the NF-xB
pathway, recognition of ubiquitin chains by UBAN motifs of NEMO and ABIN-1 was
investigated in this study.

The data provided in this study indicates that UBAN motifs of NEMO and ABIN-1
have significantly higher affinity for binding to linear over other types (Lys63- or
Lys48-linked) of ubiquitin chains. Also, crystal structure of the NEMO UBAN motif in the
free form was determined which reveals a parallel, coiled-coil, homo-dimer with side chains
of the conserved residues in the UBAN motif being symmetrically located on either side of the
coiled-coil structure. Solving the crystal structures of NEMO and ABIN-1 UBAN motifs in
complex with linear diubiquitins provided evidence for selective binding of UBAN to linear
ubiquitin chains. In the complex structures, two diubiquitins symmetrically interact with the
UBAN motifs of NEMO and ABIN-1. Integrity of simultaneous binding of two diubiquitins
and novel mode of binding of proximal ubiquitins to UBAN counts for the specificity for

linear ubiquitin chain recognition. Moreover, further structure-based functional investigations
showed that residues from UBAN motif of NEMO which are involved in binding to

diubiquitins are required for NF-xB activation by TNF-a and other agonists. These findings
lead to the understanding of detrimental effect of NEMO mutations in patients suffering from
X-linked ectodermal dysplasia and immunodeficiency.
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NF-xB pathway I, MO REEER ER/HL BEELHBNS VFILGERED
1DTHS, ZOBRETHEHS NEMO Y NV HIE, AEFF U8 v BT
&IZ& 5T, NF-«Bpathway £iEtEHb 82 &0 N TV S, £/, Bz S
Fry NI BEEMEGTSH ABIN-1 NI HIZ, COBBEMHT S amoNT
W3, A

A XTI, NF-xB pathway O FHEZHOMNITE0D,. Z0HERTTH S
NEMO #&T ABIN-1 ¥ NV EIZDWT, AEFF L EOMEER &I S »
L7z #EREHNHETH o/ NEMO ¥ > RV EDERELELSTLTE0I2. T
POE—BEDRETHLTERZEATIEIIL T, BREBLIZEICRINLE.
BAhBLUEERIEFT 2 2 B L OB AFO XS SIS 2170, NEMO Hi4k
TH2HAFHVEEHRKIMNINEBRLTWAZEE, EAKTIHZNIZ2H FORBIRD
EFFUBEEGLTWA I EEWSMIL, £/2, ABIN-1 ¥V EIZDOWTHE
HRIEFTF L 2BABEOESEROCHEBEEREL. CO#R. SETHASHTH
B2/, AEFFLOL<HLVKEERAEZHOSMIT LI ENTESL, INET
NEMO ¥ >0 8k, BEIRAEFF 2 2 BAEIZEALIRWLWEINT WA, LFAMK
REDQARNKOEETHILEMRENTHY., TOREELISHETATEIHOTH S,
o, BONHBEIETOTER LA EREOKSHENHENS S, BEDHENS L
ShER N,

UEMEOREL T TR, BRPTOAEFF L COMEERESRET YRGS
EROWTHEL. TOEERBLUEAORIOEFZIT . TORE. 2HTFH
20F. 2HFH IS FOREIEENEEROHEEBANHLEERL. HEMIEIT
DEIFIZZETDARELZR L. N5MS, NEMO ¥ NI ERIEFF L 4R
95T &IZK Y NF-«B pathway ZEHELT 29 FEBO ~HE2H SN L, E512,
NEMO B&XU ABIN-1 ¥ >NV BEAEFFLOBBEDOIEKEDLLEN S, F0
MEDEEMALEESBROINEEDRLE.
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