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Structural studies for specific recognition of ubiquitin signals
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Ubiquitin modification controls various cellular processes, such as cell
cycle control and protein quality control. This modification provides countless possibilities to
assemble a specific polymer. Ubiquitin modification pathway is regulated by a variety of proteins
including ubiquitin binding proteins, ubiquitin ligases and deubiquitinating enzymes. To elucidate
the molecular mechanisms of ubiquitination pathway, we determined the crystal structures of
ubiquitin binding protein, BAG6 and ubiquitin ligases, FBG3, HOIP and Keapl. Moreover, we have
determined the structures of bacterial effectors, Ospl and IpaH9.8 that manipulate the host
ubiquitin pathway. These structures provide the substrate recognition and functional mechanisms.



(K6 K11 K27 K29 K33 K48 K63)

N

NEMO

@

@

E3

©)

(4)

E2

8

DNA

M1

E3

@

BAG6-Ubl4a
BAG6 N
C
BAG
TA C
Get
pathway  Ublda BAG6
Ubl4a
)
Skpl-FBG3
F-box
SCF E3 Cull Skpl
Rbx1
F-box E3 FBG3
F-box Fbs
Skpl-
FBG3
Fbs Fbsl FBG3
RNaseB Fbsl
Keapl DC- p62
Keapl Nrf2
Nrf2/Keapl p62
Keapl
Keapl
p62
Keapl (Kespl DC)
p62
Keapl DC-Nrf2 DLGex
Keapl 2
Keapl DC  Nrf2
Keapl DC  Nrf2 2
(ETGE DLG)
(Keapl DC-ETGE, Keapl DC-
DLG) Nrf2 DLG
DL Gex Keapl
DL Gex
Keapl DC-K67
p62 Keapl
Nrf2
Keapl p62
K67
Keapl DC

NEMO-HOIP NZF



Fbsl

NF-kB NEMO E3
HOIP
©)
Ospl-Ubcl3
Ospl Ubcl3
Q100 TRAF6
Ospl .
Ubcl3 Ospl-Ubcl3 . Skpl- FBG3 ( ) FBG3 (
[paH9.8 Keapl DC- po2
[ paH N
(LRR) C Keapl DC p62
(NEL) p62 Keapl
1paH9.8
NF-xB Keapl DC-Nrf2 DLGex
NEMO LRR Keapl DC DLGex
IpaH9.8 LRR DLGex 3
NEMO Keapl DC Keapl
IpaH9.8 LRR X Nrf2 ETGE  DLGex
“

(1) BAG6-Ubl4a

BAG6 Ubl4a
BAG6 BAG
Ubl4a

Get5 AN !
.Keapl DC-DLGex
Keapl DC-K67
p62

BAGH-BAGS Nrf2 p62
K67 K67 KeaplDC
Keapl DC K67 Nrf2

3 K67 DLGex

BAG6-Ublda
(2)  Skpl-FBG3

F-box Do W4 ¢
Skp1-FBG3 FBG3 ;‘ Y ,
K67
AR \ ,\
S d / KG%\% ;\‘ Keapl
FBG3  Fbsl 1 \IX 17 Keap1DC,
NEMO-HOIP NZF
NEMO HOIP NZF
NF-kB
(3) Ospl-Ubcl3
FBG3 Ospl Ubcl3
Ubcl3 Q100

Ospl



A EEEIEWIE
B:ERIEHEENR

Ospl

.Ospl Ubcl3 (
IpaH9.8
IpaH9.8 LRR

IpaH (IpaH3) LRR

“

14

Nishio K., Yoshida Y., Tanaka K., Mizushima
T. Structural analysis of a function-associated
loop mutant of the substrate recognition domain
of Fbsl ubiquitin ligase. Acta Cryst F72, 2016,
619-626.
DOI:10.1107/S2053230X16011018

Yamada Y., Hiraki M., Matsugaki N., Kato R.,
Senda T. In-situ data collection at the photon
factory macromolecular crystallography
beamlines. AIP Conf. Proc. 1741, 2016, 050023

DOIL: http://dx.doi.org/10.1063/1.4952943

Saito T., Ichimura Y., Taguchi K., Suzuki T.,
Mizushima T., Takagi K., Hirose Y., Nagahashi
M., Iso T., Fukutomi T., Ohishi M., Endo K.,
Uemura T., Nishito Y., Okuda S., Obata M.,
Kouno T., Imamura R., Tada Y., Obata R., Yasuda
D., Takahashi K., Fujimura T., Pi J., Lee MS.,
Ueno T., Ohe T., Mashino T., Wakai T., Kojima
H., Okabe T., Nagano T., Motohashi H., Waguri
S., Soga T., Yamamoto M., Tanaka K., Komatsu,
M. p62/Sgstml promotes malignancy of HCV-
positive hepatocellular carcinoma through Nrf2-
dependent metabolic reprogramming. Nat Com. 7,
2016, Article number:12030.
DOI: 10.1038/ncomms12030

Suzuki N., Rohaim A., Kato R., Dikic I.,
Kawasaki M. A novel model of ubiquitin
recognition by the ubiquitin-binding zinc finger

domain of WRNIP1. FEBS Letters, 283, 2016,
2004-2017. DOI: 10.1111/febs.13734
Takagi K., Kim M., Sasakawa C., Mizushima
T. Crystal structure of the substrate recognition
domain of Shigella IpaH9.8 E3 ligase. Acta Cryst
F72,2016, 269-275.
DOI: 10.1107/52053230X16002715
Tanaka H., Takahashi T., Xie Y., Minami R.,
Yanagi Y., Hayashishita M., Suzuki R., Yokota N.,
Shimada M., Mizushima T., Kuwabara N., Kato
R., Kawahara H. A conserved island of
BAG®6/Scythe is related to ubiquitin domains and
participates in short hydrophobicity recognition.
FEBS J. 283, 2016, 662-677.
DOI: 10.1111/febs.13618.

Kumanomidou T., Nishio K., Takagi K.,
Nakagawa T., Suzuki A., Yamane T., Tokunaga F.,
Iwai K., Murakami A., Yoshida Y., Tanaka K.,
Mizushima T. The Structural Differences between
a Glycoprotein Specific F-box Protein Fbsl and
its Homologous Protein FBG3. PLoS One, 10
2015, e0140366.

DOI: 10.1371/journal.pone.0140366

Kimura Y., Tanigawa M., Kawawaki J.,
Takagi K., Mizushima T., Maeda T., Tanaka K.
Conserved model of yeast Brol family V domains
for interaction with YP(X)nL motif-containing
target proteins. Eukaryot Cell, 14, 2015, 976-982.

DOI: 10.1128/EC.00091-15.

Kuwabara N., Minami R., Yokota N.,
Matsumoto H., Senda T., Kawahara H., Kato R.,
Structure of a BAG6 (Bcl-2-associated
athanogene 6)-Ubl4a (ubiquitin-like protein 4a)
complex reveals a novel binding interface that
functions in tail-anchored protein biogenesis. J.
Biol Chem. 290, 2015, 9387-9398.

DOI: 10.1074/jbc.M114.631804

Kim M., Otsubo R., Morikawa H., Nishide A.,
Takagi K., Sasakawa C., Mizushima T. Bacterial
Effectors and Their Functions in the
Ubiquitin-Proteasome System: Insight from the
Modes of Substrate Recognition. Cells, 3, 2014,
848-864. DOI: 10.3390/cells3030848.

Fujita H., Rahighi S., Akita M., Kato R.,
Sasaki Y., Wakatsuki S., Iwai K. Mechanism
underlying IkB kinase activation mediated by the
linear ubiquitin chain assembly complex. Moll
Cell Biol., 34,2014, 1322-1335.

DOI: 10.1128/MCB.01538-13

Fukutomi T., Takagi K., Mizushima T.,
Ohuchi N, Yamamoto M. Kinetic,
Thermodynamic and Structural Characterizations
of Association between Nrf2-DLGex Degron and
Keapl. Moll Cell Biol., 34, 2014, 832-846.

DOI: 10.1128/MCB.01191-13.

Ichimura Y., Waguri S., Sou Y., Kageyama
S., Hasegawa J., Ishimura R., Saito T., Yang Y.,
Kouno T., Fukutomi T., Hoshii T., Hirao A.,
Takagi K., Mizushima T., Motohashi H., Lee M.,
Yoshimori T., Tanaka K., Yamamoto M.,



Komatsu M. Phosphorylation of p62 activates the
Keap1-Nrf2 pathway during selective autophagy.
Mol Cell 51, 2013, 618-631.

DOI: 10.1016/j.molcel.2013.08.003.

Nishide A., Kim M., Takagi K., Himeno A.,
Sanada T., Sasakawa C., Mizushima T. Structural
basis for the recognition of Ubc13 by the Shigella
flexneri effector Ospl. J Mol Biol. 425, 2013,
2623-2631.

DOI: 10.1016/j.jmb.2013.02.037.
42

Nishio K., Mizushima T. , Structural basis
for the recognition of citrate synthase, Cit2 by
F-box protein Uccl, The annual evaluation
conference of the leading program, 2016, 2017

3 13-14 (CAST)
( )
2017 3 1
4
2017 2 10 (
)
/ 2017 1
6 CAST ( )
IpaH
2016 11 30 -12 2
( )
Cit2
2016 11 30 -12
2 ( )
F-box
Uccl Cit2
2016 11
30 -12 2 (
)
, p62 Keapl
LC3
2016 9 26 (
)
Ospl
2016 6 79 (
)
IpaH9.8 NEMO
2016 6 79
( )

Nishio K., Mizushima T. , Structural basis
for the recognition of phospholylated USP8 by
14-3-3  epsilon., The annual evaluation
conference of the leading program, 2016 3

14-15 CAST ( )

Takagi K., Mizushima T. , Structure and
recognition mechanism of IpaH9.8 LRR., The
annual evaluation conference of the leading
program, University of Hyogo 2015, 2016 3
14-15 CAST ( )

Nishide A., Mizushima T. , Structural
analysis of reaction mechanism of Shigella
flexineri effector Ospl. The annual evaluation
conference of the leading program, 2016 3
14-15 CAST ( )

Nishio K., Mizushima T. , Structural
differences between sugar-recognizing F-box
protein Fbsl and homologous protein FBG3., 3rd
International Picobiology Institute Symposium.
Structural and biological studies on pathogenic
and therapeutic targets 2015 12 8-9
CAST ( )

Takagi K., Kim M., Mizushima T., Structure
and substrate recognition mechanism of IpaH9.8
LRR., 3rd International Picobiology Institute
Symposium. Structural and biological studies on
pathogenic and therapeutic targets 2015 12
8-9 CAST ( )

Nishide A., Mizushima T. , Structural
analysis of reaction mechanism of Shigella
flexneri effector Ospl., 3rd International
Picobiology Institute Symposium. Structural and
biological studies on pathogenic and therapeutic
targets 2015 12 8-9 CAST (

)

Otsu S., Mizushima T. , Structural analysis
of the recognition mechanism of NEMO by
shigella effector IpaH9.8., 3rd International
Picobiology Institute Symposium. Structural and
biological studies on pathogenic and therapeutic
targets 2015 12 8-9 CAST (

)

Suzuki E., Mizushima T. , Structural
analysis of the recognition mechanism of
phospholylated USP8 by 14-3-3 epsilon., 3rd
International Picobiology Institute Symposium.
Structural and biological studies on pathogenic
and therapeutic targets 2015 12 8-9

CAST ( )
USP37
UIM BMB2015 2015 12
1-4 ( )
14-3-3
USP8
2015
10 17-18 ( )
@
IpaH9.8 NEMO
2015 10
17-18 ( )
@
Ospl
2015 10 17-18 ( )



@ Ospl

2015 8 27-28

( )
@ Takagi K., Crystal structure of Shigella

effector IpaH9.8 substrate recognition domain.,

27
2015 7 2 (
)
@
IpaH9.8
2015 6
24-26 ( )
BAGo6-Ubl4a
2015 3 17 (
)

@ Nishide A., Mizushima T. , Structural
Basis for the Recognition of Ubcl3 by the
Shigella flexneri Effector Ospl, The Annual
Evaluation Conference of the Leading Program,
Mar. 16-17, 2015, CAST ( )

Nishio K., Mizushima T. , Structural basis
for sugar-recognition mechanism of ubiquitin
ligase SCF Fbsl, The Annual Evaluation
Conference of the Leading Program, Mar. 16-17,

2015, CAST ( )
2015 3 6 ( )

Nishide A., Mizushima T. , Structural
Basis for the Recognition of Ubcl3 by the
Shigella flexneri Effector Ospl, Symposium for
young ubiquitin researchers in Japan “New Era in
the Ubiquitin Research”, Nov. 11-12, 2014,
( )
@D Takagi K., Nishide A., Mizushima T.,
Structure and substrate recognition mechanism of
IpaH9.8 LRR, Symposium for young ubiquitin
researchers in Japan “New Era in the Ubiquitin
Research” Nov. 11-12, 2014,
( )
®
IpaH9.8
2014 11 1-3
( )

63 Mizushima T., Structural analyses of bacterial
effectors and their mechanisms of infection in the
ubiquitin-proteasome system, 2nd International
Picobiology Institute Symposium, 2014 10
9-10 CAST ( )
@ Nishio K., Mizushima, T. , Structural basis
for sugar-recognition mechanism of ubiquitin
ligase SCF Fbsl, 2nd International Picobiology
Institute Symposium, 2014 10 9-10
CAST ( )
&)
Ospl

2014 2014 9
24 ( )
Nishio K., Mizushima T. , Structural basis
for sugar-recognition mechanism of ubiquitin
ligase SCF Fbsl, 1" international Picobiology
Institute Symposium, Jan. 7-8, 2014, RIKIEN
HARIMA ( )
@D
SCFFbsl
2013 10 12-13
( )
Nishide A., Mizushima T. , Structural
basis for the recognition of Ubc13 by the Shigella

flexneri effector Ospl, The 35™ Naito
Conference, 2013 7  9-12
( )
- Ospl-Ubc13
E2
2013 6 12-14
(
2012 12 14-16 (
)
- PF
2012 12 14-16
( )
2012 12 11-14
( )

1
Kishimoto S ed. in "Photon Factory Activity
Report 2011, Part A, Highlights and Facility
Report" Structural Biology Research Center,

,2012, 195
o 0
o 0
ey
MIZUSHIMA, Tsunehiro
90362269
(2
KATO, Ryuichi
50240833
3)
“)

KUWABARA, Naoyuki
TAKAGI, Kenji



