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Pathophysiological roles of convulsive neurological disease-causing gene PRRT2
in the synapse
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Mutations in proline-rich transmembrane protein 2 (PRRT2) are associated
with several paroxysmal neurological diseases represented by paroxysmal kinesigenic dyskinesia
PKD), but physiological functions of PRRT2 and pathogenic mechanisms remain largely unclear as well
as the causative brain regions and neuronal circuits. Here we generated Prrt2 knock-in (KI) mice
harboring the most frequent PKD-related Prrt2 mutation and the mice showed that the Prrt2 mutation
leads to an excessive activity-dependent dopaminergic transmission in striatum. Moreover, we found
that PRRT2 regulates a dopamine transporter (DAT) activity in cultured neuroblastoma overexpressing
both genes. Therefore, we considered that PRRT2 may contribute release and/or uptake of dopamine in
the striatum and that loss of function of PRRT2 might cause PKD. Our findings showed that
dopaminergic neurons in the basal ganglia could be a novel target for a treatment of PKD and several

other neurological diseases with dyskinesia.
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4% /0.1 M (pH7.4) 4
PBS 5 pm
( x 3 100% x 2 90% 70%
5 ) Tris-EDTA (pH 9.0) 121
5 0.3% /
30 5 PBS 5 3 TNB (Tris-NaCl-
blocking) (FP1012, PerkinElmer, Inc.) 50 pL 60
1 PRRT2 (HPAO14447, Sigma-
Aldrich Japan, Inc. 500 ) 4 TNT
(0.1 M Tris-HCI, 0.15 M NaCl, 0.05% Tween 20, pH 7.5) EnVision rabbit (Dako)
1 Tyramide-FITC (SAT701,
PerkinElmer,Inc.) 50 40 pL 10
( ) TNT HRP 1%
/PBS (pH 7.0) 2 DAT
(sc-32258, Santa Cruz Biotechnology, Inc. 750 ) 4
rat 1gG-HRP (sc-2032, Santa Cruz Biotechnology,Inc.)
TNT Biotin Tyramide amplification reagent (PerkinElmer,
Inc.) 10 streptavidin-Alexa 488 (Thermo Fisher Scientific)
30 (TA-030-FM, Thermo Fisher
Scientific Inc.) NanoZoomer S60 C13210 ( )
(Zeiss LSM710) 40
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(A-1-6-01M, Eicom, Kyoto, Japan)
(JT-10, Eicom) (artificial cerebrospinal
fluid; aCSF) 2 mL
bregma AP: -1.2 mm, ML: -2.0 mm DV: -2.7 mm
aCSF 2.0 uL/ KCI aCSF
60mM KCI 2.0 uL/
50 25 8 (50 75 100 125
150 175 200 225 ) KCI 125 50 10
12.5 L (1 25 ulL)
=4 1
20 uL.  HPLC (HTEC-500, Eicom)
(electrochemical detector; ECD) 500
p L/ 0DS (octa decyl silyl column; EICOMPAK PP-ODS  , Eicom)
ECD (WE-3G, Eicom) Ag/AgCl (RE-
500, Eicom) ECD PowerChrom (eDAQ, Nagoya,
Japan)

®)
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x 10* cells/100 uL/well 24 aCSF 100 uL
(fluorescent false neurotransmitter: FFN) FFN102 (SML1172,
Sigma-Aldrich Japan, Inc.) 40 pM 37 5% CO,
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9000, Keyence Co., Osaka, Japan) 20 DAPI (0OP-66834 BZ
360 nm 460 nm) 1 well 8 ( 2.0
) FFN102 Halo ver. 2.1.1637 (Indica
lab Inc., NM, USA)
(Weak; 0.275, Moderate; 0.600, Strong; 1.000)

FFN
102 well 100 pl.  PBS 10 pL 6
x Sample Buffer Solution for SDS-PAGE WB
DAT (sc-32258, Santa Cruz Biotechnology, Inc., 200 )
PRRT2 (HPAO14447, Sigma-Aldrich Japan, Inc., 200 )

B -actin (A-5441, Sigma-Aldrich Japan, Inc., 10,000 )



3

RRT2 DAT merge

@
PRRT2
PRRT2 DAT
( 3) Prrt2
Dat
¢ 38
Dat ( 3B)
PRRT2
(2) Prretz
Prrie2 Kl
KCl 3. Prrt2 Dat
PRRT2 DAT
Prre2 Kl 6 Prrt2  Dat
( 4 ) merge A NanoZommer
PKD PRRT2 Prrt2 Dat B
40
PKD
(3) PRRT2
DAT Neuro2A PRRT2 PRRT2 (c-649dupC)
FFN102 PRRT2  DAT
PRRT2 PRRT2  DAT
mock FFN102 ( 5 PRRT2 #9,12;
#16; FFN
PRRT2 ( 5B) DAT
PRRT2 DAT
@) PRRT2
Prrt2 12K-CTF ( 2 NMDA
KCI PRRT2
Ca2+
Cca? ( 6A, B)
PRRT2 12K-CTF
I3 O VO
s - - KCIREL A B @9 @\"i\““ 2\4\@
8. o DAT + mock #9 @09 Q&Q@Q\&
~ 147 = wt (n=4) WB: anti-DAT ."”
%. 12 4 u Prrt2 Kl (n=4)
{;j 10 4 WB: anti-PRRT2 - -
ﬁ% 3 4 * P<0.05 WB: anti-B-actin -?-’.
"I:I\’l 6 - DAT + PRRT2 #16 $ 030 ——
+ * 2 0.24 5 3
4 1 J § 0.18 l
2 A = 012
b _ i : l I E 0.06
0 25 50 75 85 95 105115 125 150 175 = o
BRI (min)
5. PRRT2 DAT
4. Prrt2 Kl A. DAT Neuro2A
(mock #9 ) PRRT2 ( #16
Prrt2 Kl ) 40 UM FFN102
HPLC 75 125 B. A FFN102
60 mM KCI ( )
*P< 0.05 (n=4) DAT PRRT2  B-actin WB

) *P<0.05 (n=8)



PRRT?2

A B native
PRRT2 Glu - calpain-1
Q220 Q (kpa) - CaCl, - CaCl
$244 12K~CTF o e S g 00— 2= O
61 - i B 4
(Hatta, et al. 2020) el 21-
21—
L
(5) %20 9~
2 WB: anti-PRRT2
Prrit2 w15
G
=10 &
( 4) Prre2 S « : 2EAPRRT2
« 3 2 5 € : 12K-CTF
©
o 4] \ \ \
Prrt2 0 WB: anti-PRRT2
6. Prrt2
PKD A. (20 pM
MG-132 20 pM ALLM 20 pM MDL28170 30 uM
Prre2 ¢ 2 calpeptin) 1 mM 2.5
Prrez PRRT2 WB *p< 0.05
(n=3) B. 4 mM
CaCl> 24 PRRT2 WB
DAT Neuro2A PRRT2
DAT ( 5) PRRT2  DAT
Prre2 Kl
Prrt2 DAT DAT
2 (UMAT2; vesicular monoamine transporter 2)
VMAT2
( 7 Prrez
PKD PRRT2
PKD PRRT2
PRRT2 ca?* *ﬂﬁ&gﬁ |
Ty e e
_ J1
( 6) 12K-CTF
| BEHERED | I
@a@iu |
12K-CTF
N [ TR |
PKD < il
W8 I BET % |
PRRT2 N L oF -
| BRI - IR |
KB E
KCI '5 NI EEAERNIEE |
( 9 L GABAmIE®E
PRRT2 PRRT2 7. PRRT2 -
PKD
PRRTZ2
PRRTZ2

PRRT2 PKD



1 1 0 0

Hatta Daisuke Shirotani Keiro Hori Yuma Kurotaki Naohiro Iwata Nobuhisa 34

Activity- dependent cleavage of dyskinesia- related proline- rich transmembrane protein 2 2020
(PRRT2) by calpain in mouse primary cortical neurons

The FASEB Journal 180 191

DOl
10.1096/Fj .201902148R

11 0 2

PRRT2

2019

2019
PRRT2

2019

2019

PRRT2
42 62

2019




PRRT2

36

2019

PRRT2

36

2019

Nagata K, Hatta D, Kurotaki N, Shirotani K, lwata N

Regulation of dopamine transporter activity by a dyskinesia-related molecule PRRT2

The 10th Takeda Science Foundation Symposium on PharmaSciences

2020

Hatta D, Shirotani K, Nagata K, Hori Y, Kurotaki N, lwata N

Activity-dependent cleavage of dyskinesia-related proline-rich transmembrane protein 2 (PRRT2) by calpain in mouse primary
cortical neurons

The 10th Takeda Science Foundation Symposium on PharmaSciences

2020




PRRT2

30
2018
PRRT2

41

2018
PRRT2

17 2018

2018
PRRT2 SYNGR3
35

2018




http://www.ph.nagasaki-u.ac. jp/lab/biotech/research._html

(FUCHIGAMI Yuki)

(60736403)

(HATTA Daisuke)

(NAGAI Daiki)




