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Pathogenic bacteria deliver virulence factors called effectors into host
cells, that interfere with the host defense system. The Shigella effector proteins IpaHl.4 and
IpaH2.5 with ubiquitin ligase activity, target the linear ubiquitin assembly complex (LUBAC) to
inhibit nuclear factor (NF)-k B activation and, the inflammatory response. In this study, we
determined the crystal structures of the substrate-recognition domains of IpaHl.4 and lIpaH2.5.
Structural and biochemical analyses identified the specific residues of IpaHl.4 that are involved in

interactions with LUBAC and influence NF-k B signaling. The glyoxylate cycle plays a role in the
virulence of pathogens, seed germination in plants and sexual development in fungi. We determined
the crystal structures of isocitrate lyase and SCFUccl, which regulates the glyoxylate cycle, and
analyzed the regulatory mechanisms.



50 300
NF-xB
(E3) NF-xB
E3
E2 NF-xB
E3
E3 IpaH1.4  IpaH9.8
Novel E3 ubiquitin ligase (NEL) E3 LUBAC
(HOIL-1L, HOIP, SHARPIN ) NEMO NF-«xB
Ospl Cif
NF-«xB
NF-xB
(1) NEL E3
) )
(1)) NEL ES3
NEL E3 E3 NEL E3
12 | paH
IpaH1.4  1paH9.8
NF-xB IpaH1.4
NF-«xB
NEL E3 HECT E3
NEL E3 NEL
NEL E3
2
Ospl  Cif
3
(1)) NEL ES3
1) IpaH1.4/2.5 LUBAC
| paH N (LRR)
C NEL IpaH1.4 IpaH25 NF-«xB
LUBAC HOIP
IpaH1.4  IpaH2.5
invivo invitro LUBAC
2)NEL E3

NEL



E2

NEL NEL
2
1) Cif
Cif Cullin RING E3(CRL)
NEDD8 Cif NEDD8
NEDD8
Cif NEDD8
Cif Cif
()
1)
(ICL)
ICL(ScICL1) E3
Candida albicans E3
ICL(CalCL1)
ICL
ICL
2) SCFUeet
SCFuUeet (Cit2)
E3
SCFUeet Cit2
SCFUccl
Uccl Cit2
Cit2
ST
}V‘/,t“f‘ ‘m)
(1) NEL E3 Trend
1) IpaH1.4/2.5 LUBAC z =
IpaH1.4 IpaH2.5 LUBAC - Lo,
IpaH1.4 IpaH2.5 LUBAC HOIP ;’v;;;gf; bR e B
IpaH1.4 ey  feELaS
IpaH2.5 LUBAC (petit- 2= ;,A\J:J
LUBAC) IpaH1.4 IpaH2.5 LRR o P
petit-LUBAC L) L ¢
IpaH1.4 IpaH2.5 LRR lpaH14 LRR  IpaH2.5 LRR
X IpaH1.4 IpaH25 LRR 1 IpaH14 LRR ()
1.4 3.4 ( 1) IpaH25( )
IpaH1.4 LUBAC ,
IpaH1.4  LUBAC NEL Ve .
IpaH1.4 _x%/‘ o
« - ! HOIP
petit-LUBAC in vivo Recognition
NF-kB IpaH1.4 R106,K107
HOIP R222 HOIL-1L
( 2
2)NEL E3
NEL 22,
E2 Cys )./
Lys NEL a
NEL J
IpaH1.4 NEL HOIL-1L&SHARPIN
IpaH1.4 NEL SISO
IpaH1.4 LRR
2
1) Cif 2. lpaH14 LUBAC
Cif

Cif



Cif NEDDS8
NEDDS8

Cif Cif
©)
1)
(ScICL1)
SciCcLl X
2.3 ( 3)ScicL1
ICL N al
Candida albicans (CalCL1)
CalCL1 (Cryo-EM)
X Cryo-EM fad
2.63
X 269 4 3. SICL1
CalCL1 SciCL1 ICL
Cryo-EM a4, ab, al7, al9, a20, a21, a22, a23, n5
SciCL1 GID
GID SciCL1 N
Candida albicans GID CalCL1
SclCL1  calCL1
SciCL1 Lys
CalCL1 5.9 GID al
SclCL1 calCL1 10° 4
Candida albicans N GID Lys
Asp22/Glu18
a1 Helix
t‘ SciCL1 : chainA
o chainD
CalCL1 :chainA
chainD
4, CalCL1 SciCL1 cCalCLl «a
2) SCFucel
SCFUcel Uccl Cit2 (Uccl-Cit2) Cit2
X 23A 24A 15A
Cit2 SCFUcel

Citl



4 3 0 2

Nishio Kazuya Kawarasaki Tomoyuki Sugiura Yuki Matsumoto Shunsuke Konoshima Ayano Takano 9

Yuki Hayashi Mayuko Okumura Fumihiko Kamura Takumi Mizushima Tsunehiro Nakatsukasa Kunio

Defective import of mitochondrial metabolic enzyme elicits ectopic metabolic stress 2023

Science Advances eadf1956
DOl

10.1126/sciadv.adf1956

Hiragi Keito Nishide Akira Takagi Kenji Iwai Kazuhiro Kim Minsoo Mizushima Tsunehiro 173

Structural insight into the recognition of the linear ubiquitin assembly complex by 2023

<i>Shigella</i> E3 ligase IpaH1.4/2.5

The Journal of Biochemistry 317 326
DOl

10.1093/jb/mvac109

Hiragi Keito Nishio Kazuya Moriyama Shu Hamaguchi Tasuku Mizoguchi Akira Yonekura Koji 213

Tani Kazutoshi Mizushima Tsunehiro

Structural insights into the targeting specificity of ubiquitin ligase for S. cerevisiae 2021

isocitrate lyase but not C. albicans isocitrate lyase

Journal of Structural Biology

107748 107748

DOl
10.1016/j . jsb.2021.107748

Nishide Akira Takagi Kenji Kim Minsoo Mizushima Tsunehiro

Active site structure of the Shigella flexneri effector Ospl

2022

bioRxiv

DOl
10.1101/2022.02.15.480433




12 0 0

Kim Minsoo
NEL
5
2023
Kim Minso
Legionella Cif X
5
2023
Kim Minsoo
NEL
9
2023
Kim Minso
Legionella Cif X
9

2023




Kim Minsoo

X IpaH1.4/2.5 LUBAC
4
2022
F-box Uccl
5
2022
Kim Minsoo
IpaH1.4/2.5
5
2022
Kim Minsoo
IpaH1.4/2.5 X
67

2021




Kim Minsoo

IpaH1.4/2.5 (LUBAC)
21
2021
51
2021
Kim Minsoo
IpaH1.4/2.5 LUBAC
4
2021
Kim Minsoo
IpaH1.4 2.5

2020




(Tani Kazutoshi)

(20541204) (14101)
(Kim Minsoo)
(50466835) (14301)




