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Intracellular stability of tyrosine hydroxylase regulated by proteasomal
degradation of the enzyme and neurodegeneration of dopaminergic cells
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Recently, abnormality of the degradation of intracellular proteins has been
suspected to be a major cause of neurodegenerative diseases such as Parkinson®s disease. Again, the
primary patholo?y of Parkinson™s disease is degeneration of the dopamine neuron, and then degeneration is
suspect to result from by quinones derived from dopamine. In this study, we clarified that the inhibition
of deubiquitinating activity enhances the proteasomal degradation of tyrosine hydroxylase #TH) and that
the phosphorylation of Serl9 is a trigger for the degradation. The increased degradation of TH molecule
by its phosphorylation is opposite action for its increased activity by its phosphorylation on dopamine
synthesis. The study indicates that the balance of the degradation and the activity might be critical for
degeneration of the dopamine neuron.

14-3-3



TH

TH

TH

TH

TH

TH
TH
TH

TH

CA:
Tyr :
Dopa :

[S7 =

ERK

IR

S19S31 ga0
_t
TH
Serl9 Ser31 Serd0 3
TH TH
14-3-3 TH
14-3-3 o
E3
TH
14-3-3
o TH
TH
14-3-3
14-3-3 o
TH
TH



PC12D TH 14-3-3
SDS-PAGE
Phos-tag PAGE
Lactacystin MG-132  PCI2D
TH
USP14
TH
14-3-3
TH
TH Ser19
Anisomycin  Ser40
Forskolin
TH 14-3-3
14-3-3
RNAi 14-3-3
50%
14-3-3
PCI2D
Ser19 Ser31
Ser40 TH
TH 1
2 3 TH
TH

Serl19
Ser31
Ser40
%Serlg
pSer19-TH
pSer3l  pSer40
TH
Ser19
Ser40
TH
Ser19
%Serlg
pSerI%:l.\ pSer40
o0
14-3-3
TH PCI2D
TH
14-3-3
14-3-3 TH
Ser19 Ser40

Ser19



K.S McNaught. Proteasomal dysfunction in
sporadic Parkinson’s disease. Neurology. 66
(2006) S37-S49.

D.S. Goldstein. Determinants of buildup of the
toxic dopamine metabolite DOPAL in
Parkinson's disease. J Neurochem. 126 (2013)
591-60.

I. Kawahata. Accumulation of phosphorylated
tyrosine hydroxylase into insoluble protein
aggregates by inhibition of an ubiquitin-
proteasome system in PC12D cells. J. Neural
Transm. 116 (2009) 1571-1578.

M. A. Lopez Verrilli. Angiotensin-(1-7)
through AT receptors mediates tyrosine
hydroxylase degradation via the ubiquitin-
proteasome pathway. J. Neurochem. 109 (2009)
326-335.

A. Nakashima. Phosphorylation of the
N-terminal portion of tyrosine hydroxylase
triggers proteasomal digestion of the enzyme.
Biochem. Biophys. Res. Commun. 407 (2011)
343-347.

S. Sato. 14-3-3eta is a novel regulator of
parkin ubiquitin ligase, EMBO J. 25 (2006)
211-221.

LT. Lehmann. Differential regulation of the
human tyrosine hydroxylase isoforms via
hierarchical phosphorylation. J. Biol. Chem.
281 (2006) 17644-17651.

4
Akira Nakashima, Syuhei Ohnuma, Yoko S.

Kaneko, Yu Kodani, Hiroshi Nagasaki,
Toshiharu Nagatsu and Akira Ota. (2016)
Inhibition of deubiquitinating activity of
USP14  decreases  tyrosine  hydroxylase
phosphorylated at Serl9 in PCI12D cells.
Biochem Biophys Res Commun. 472(4):
598-602.

Syuhei Ohnuma, Yuri Nonaka, Yoko S.
Kaneko, Yu Kodani, Hiroshi Nagasaki,
Toshiharu Nagatsu, Akira Ota and Akira

Nakashima. (2015) Degradation rate of tyrosine
hydroxylase by ubiquitin-proteasome pathway.
J Physiol Sci. 65, S174.

Yoko S Kaneko, Takeshi Takayanagi, Hiroshi
Nagasaki, Yu Kodani, Akira Nakashima, Keiji
Mori, Atsushi Suzuki, Mitsuyasu Itoh, Kazunao
Kondo, Toshiharu Nagatsu, Miyuki Ota and
Akira Ota. (2015) Aripiprazole increases
NAD(P)H-quinone oxidoreductase-1 and heme
oxygenase-1 in PC12 cells. J Neural Transm,
122(6):757-772.

Yoko S Kaneko, Akira Ota, Akira Nakashima,
Hiroshi Nagasaki, Yu Kodani, Keiji Mori and
Toshiharu Nagatsu. (2014) Lipopolysaccharide
treatment arrests the cell cycle of BV-2
microglial cells in G: phase and protects them
from UV light-induced apoptosis. J Neural
Transm. 122, 187-199.

2
92 2015.3,
Syuhei Ohnuma, Yuri Nonaka, Yoko S. Kaneko,
Yu Kodani, Hiroshi Nagasaki, Toshiharu
Nagatsu, Akira Ota and Akira Nakashima.
Degradation rate of tyrosine hydroxylase by
ubiquitin-proteasome pathway.

91 2014.3,
Yoko S. Kaneko, Akira Nakashima, Hiroshi
Nagasaki, Yu Kodani and Akira Ota.
UV-induced apoptosis is inhibited in
LPS-activated BV-02.




M
NAKASHIMA Akira

(2)
OTA Akira

3



