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The proteasome is a huge protein complex that degrades damaged and selective ubiqu
itinated proteins, and is related to various environmental stress responses. Although the biochemical char
acteristic of the proteasome is well-studied in mammals, the details of the plant proteasome remains uncle
ar. Here, we used a proteomics approach to reveal the detailed subunit composition of the plant proteasom
e. Our 2D electrophoresis and LC-MS/MS analyses combined with affinity purification demonstrated the highl
y heterogeneous subunit composition of the proteasome due to plant-specific gene duplication and putative
post-translational modification in plant cells. Moreover, our studies demonstrated that proteasome activit
y is affected by post-translational modification in response to pathogen signaling. Our study revealed new

insights into the plant proteasome composition and regulatory mechanism, which may contribute to increase
d pathogen resistance and improved crop yield in agriculture.



[ 2004
-26S
5%

[Smalle et al., Annu Rev Plant Biol,
55: 555 (2004)]

19S
RPT2a (rpt2a)

[Sonoda et al, Plant J, 60: 68-78
(2009); Sako et al, J. Plant Res, 123:
701-706 (2010); Sako & Yamaguchi, Plant
Signal & Behav, 5: 1119-1120 (2010)]

19S

[Groettrup et al,
Nat Rev Immunol, 10: 73-78 (2010) ]

[Plant J. 2009 ]

1)
)
®3)

1)

Flg22

UPS



Stress-adaptive
Proteasome

Pathogen
stress

PTM ‘A—»' .’

PTM B—»i "
'To¥

Mock1 Flg22
. e o N S
! -~
Er [ PeB1 i
- (cC] . ®
PBD2
2 IMS
2
9
UPS
RPT2
AtRPT2a AtRPT2b 2
RPT2a rpt2a
[Plant J. 60:
68, 2009]
rpt2a
rpt2a
19S
RPT2a

HXK1

gin2
RPT2a

RPT2a

Sucrose (%)
S
=
%

RPT2
-rpt2a
®)
10
-26S
26S
60
RPT2a “ 7
rpt2a
DNA
DNA
RPT2a
DNA



Q)

SCF E3

SCF E3

11 12

ATL31 14-3-3
C/N CO2/N
1 3 4 15
16
2 8

NSL2
ERF9
8 13

14

16

1. Yasuda S, Sato T, Maekawa S, Aoyama
S, Fukao Y, Yamaguchi J* (2014)

Phosphorylation of Arabidopsis
ubiquitin ligase ATL31 is critical for
plant C/N-nutrient response under
control of 14-3-3 stability. J. Biol.
Chem. online before publication
[10.1074/jbc.M113.533133]

2. Maekawa S, Inada N, Yasuda S, Fukao
Y, Fujiwara M, Sato T, Yamaguchi J*
(2014) The carbon/nitrogen regulator
ATL31 controls papilla formation in
response to powdery mildew fungi
penetration by interacting with
SYP121 in Arabidopsis. Plant Physiol.
164: 879-887 [10.1104/pp.113.230995]

3. Aoyama S, Huarancca Reyes T,
Guglielminetti L, Yu L, Morita Y, Sato*
T, Yamaguchi J (2014) Ubiquitin
ligase ATL31 functions in leaf
senescence in response to the balance
between atmospheric COz and
nitrogen availability in Arabidopsis.
Plant Cell Physiol. 55: 293-305
[10.1093/pep/pcu002]

4. Aoyama S, Lu Y, Yamaguchi J, Sato
T* (2014) Regulation of senescence
under elevated atmospheric COz via
ubiquitin modification. Plant Signaling
Behavior 28839 [10.4161/psb.28839]

5.Chiba Y*, Mineta K, Hirai MY, Suzuki S,
Kanaya S, Takahashi H, Onouchi H,
Yamaguchi J, Naito S (2013) Changes
in mRNA stability associated with cold
stress in Arabidopsis cells. Plant Cell
Physiol. 54: 180-194 [10.1093/pcp/

pcs164]

6. Maruyama Y, Yamoto N, Suzuki Y,
Chiba Y, Yamazaki K, Sato T,
Yamaguchi J* (2013) Arabidopsis
transcriptional repressor ERF9
participates in resistance against
necrotrophic fungi. Plant Sci. 213: 79-87
[10.1016/j.plantsci.2013.08.008]

7. Sun HH, Fukao Y, Ishida S, Yamamoto
H, Maekawa S, Fujiwara M, Sato T*,
Yamaguchi J (2013) Proteomics
analysis reveals a highly heterogenous
proteasome composition and the
post-translational regulation of
peptidase activity under pathogen
signaling in plants. J. Proteome Res.
12: 5084-5095 [10.1021/pr400630w]



8. Maekawa S, Sato T, Asada Y, Yasuda S,
Yoshida M, Chiba Y, Yamaguchi J*
(2012) The Arabidopsis ubiquitin
ligases ATL31 and ATL6 control the
defense response as well as the
carbon/nitrogen response. Plant Mol.
Biol. 79: 217-227 [10.1007/s11103-
012-9907-0]

9. Sun H, Sako K, Suzuki Y, Mackawa S,
Yasuda S, Chiba Y, Sato T, Yamaguchi
J* (2012) Sugar-inducible RPT2a, a
subunit of 26S proteasome, participates
in sugar response in Arabidopsis. Plant
Biotechnol. 29: 279-284 [10.5511/
plantbiotechnology.12.0409al

10.Sako K, Maki Y, Kanai T, Kato E,
Maekawa S, Yasuda S, Sato T, Watahiki
MK, Yamaguchi J* (2012) Arabidopsis
RPT2a, 19S proteasome subunit,
regulates gene silencing via DNA
methylation. PLoS ONE 7(5): e37086
[10.1371/journal.pone.0037086]

11.Kuroda O, Yanagawa Y, Takahashi N,
Horii Y, Matsui M* (2012) A
comprehensive analysis of interaction
and localization of Arabidopsis
SKP1-LIKE (ASK) and F-Box (FBX)
proteins. PLoS ONE, 7, e50009
[10.1371/journal.
pone.0050009]

12.Yanagawa Y*, Komatsu S* (2012)
Ubiquitin/ proteasome-mediated
proteolysis is involved in the response
to flooding stress in soybean roots,
independent of oxygen limitation. Plant
Sci., 185-186: 250-258
[10.1016/j.plantsci.2011.11.014]

13. Asada Y, Yamamoto M, Tsutsui T,
Yamaguchi J* (2011) The Arabidopsis
NSL2 negatively controls systemic
acquired resistance via hypersensitive
response. Plant Biotechnol. 28: 9-15
[10.5511/plantbiotechnology.10.0913a]

14. Sakamoto T, Kamiya T, Sako K,
Yamaguchi J, Yamagami M, Fujiwara
T* (2011) Arabidopsis thaliana 26S
proteasome subunits RPT2a and RPT5a
are crucial for zinc deficiency-tolerance.
Biosci. Biotech. Biochem. 75: 561-567
[10.1271/bbb.100794]

15.Sato T, Maekawa S, Yasuda S, Domeki

Y, Sueyoshi K, Fujiwara M, Fukao Y,
Goto DB, Yamaguchi J* (2011)
Identification of 14-3-3 proteins as a
target of ATL31 ubiquitin ligase, a
regulator of the C/N response in
Arabidopsis thaliana. Plant J. 68:
137-146 [10.1111/5.1365-313X.2011.
04673.x]

16.Sato T, Maekawa S, Yasuda S,

Yamaguchi J* (2011) Carbon and
nitrogen metabolism regulated by
ubiquitin-proteasome system. Plant
Signaling & Behavior 6: 1465-1468
[10.4161/psb.6.10.17343]

10

Yamaguchi J: Regulation of leaf organ
size and gene silencing by plant
proteasome. The 35th Naito Conference
on “The Ubiquitin-Proteasome System:
From Basic Mechanisms to
Pathophysiological Roles”, July 9-12,
2013, Chateraise Gateaux Kingdom
Sapporo, Japan.

Yamaguchi J: ATL31 ubiquitin ligase, a
regulator of the C/N response in
Arabidopsis, is also involved in defence
response mediated by membrane

traffic system. Challenges in Biology-
Big Data and Ethics in “Plants and
People Conference”, Max Planck
Institute of Molecular Plant Physiology,
June 18-19, 2013, Potsdam, Germany.

C/N

2012 8 3 5

2012 2 7

Yamaguchi J: Plant immunity as host
resistance actions against pathogen
attack —Arabidopsis NSL2 and the
interacting-proteins-, 2011.10.19,
Chinese Academy of Agricultural
Sciences, Beijing, China (seminar)

Yamaguchi J: Metabolic regulation
mediated by ubiquitin-proteasome



system in Arabidopsis, 2011.10.18,
Chinese Academy of Science, Beijing,
China (seminar)

- CO2

2011 10 7

8. Yamaguchi J: Plant immunity as host
resistance actions against pathogen
attack —Arabidopsis NSL2 and the
interacting-proteins-, Plenary Lecture
on 3t International Conference on
Biosciences and Biotechnology,
2011.-9.21-22, Udayana University,
Bali, Indonesia (Plenary lecture)

9.
C/N
ATL31
75
C/N
CO2 2011 9
17 19
10.
2011 7 29 30
5
1. *(2013) C/N

51 763-772

2. Sato T, Sako K, Yamaguchi J* (2013)
Chapter 45 Assay for
proteasome-dependent protein
degradation and ubiquitinated
proteins in “Plant Proteomics:
Methods and Protocols Second
Edition" (edited by J V Jorrin Novo,
S Komatsu, W Weckwerth, S
Wienkoop), Methods in Molecular
Biology, vol. 1072, Springer Protocol,
Humana Press, pp. 655-663 (DOI
10.1007/978-1-62703-631-3_45;
ISBN 978-1-62703-630-6)

3. Yasuda S, Maekawa S, Sato T,

Yamaguchi J* (2012) Proteomics
approach to study metabolic
regulation mediated by
ubiquitin-proteasome system in
Arabidopsis. in Frontiers in
Agriculture Proteome Research,
39-44 (ISBN 978-4-904633-99-1)

4. * *(2012)
84: 407-408
5. *
(2012)
, , 84(6), 448-454.
o 0
o 0

http://www_sci.hokudai .ac. jp/~jjyama/ke
itai2/Welcome.html

o
YAMAGUCHI, Junji

@
CHIBA, Yukako

23 24

YANAGAWA, Yuki

23 24



