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Pathophysiological study and the developments of therapy using mouse model of
glutamate dehydrogenase disorder

OKANO, YOSHIYUKI
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Hyperinsulinism hyperammonemia is caused by dysregulation of GDH activity, which
induces insensitivity for GTP inhibition and the unregulated insulin secretion. We have made a transgenic
mouse (TGM) to clarify the mechanism of hyperammonemia and to develop the therapy. The hetero-TGM showed
an increase of GDH activity, mild hypoglycemia, and mild hyperammonemia, however no clinical symptoms. In
metabolome analysis of the liver, brain, heart, and kidney; fatty acid metabolites were enhanced in all
the organs. The substances before a -oxoglutarate decreased and the substances aftera -oxoglutarate
increased in the glycolytic system and TCA cycle of the liver. Because of the increased GIn/Glu,
decreased Orn, Cit, and As, and no decreased N-acetylglutamate, hyperamonemia is not caused by the
reduction of carbamoyl phosphate synthase. We have to consider a new mechanism for hyperammonemia.



1998 Stanley
1352-1357, 1998)

(N Eng J Med 338:

GDH
GDH
GTP GDH
gain of function
4
1444M  G446D GTP
H262Y L413V
L413V GTP
GDH
GDH

(Fujioka et al.
Eur J Hum Genet 9:931-937, 2001)

GDHcDNA MIN6 B

(2 Kawajiri et al. Ped

Res 59: 359-364, 2006) L413V
B GDH GTP
patch-clamp
Ca2?* spike
ATP
Karp

Li (J Biol Chem
281:15064-15072, 2006)
Katp

N
GLU -
Domain/”
y

GDH

N-

— Karp

N-
GDH

GDH

GDH

GDH GDH
GDH
GDH
GDH
GDH
L413V chiken b-actin promotor

CMV-IE enhancer pASCxaGDH

C57BL/6
GDH

L413V/GDH c¢cDNA



allele-specific amplification

L413V/GDH c¢DNA

GDH GTP ADP GDH
Western blotting GTP
(Fujioka et al.
Eur J Hum Genet 9: 931-937, 2001)
GDH GDH
GDH
GDH /
GDH GDH
GDH
GDH G6P G1P FeP
3 4 6-PG lactate Ala
3PG 2PG
TCA
50 mg TCA a-
50 uM 500 nL
# H GDH
1,500 rppm, 120 x 3 o«
500 uL 200 pL -
¥1111'Q 2,300 x succinic acid malic acid
g,4°C, 5 150 uL citrate
GDH
50 ul  Milli-Q Arg
GDH
CE-TOFMS N-
108 52, 56 N- ,
N Clt
0.68
0.86-0.93 N-
16 18
14 16
12 14 N
12
1 |
1 il
0.8 08 -
06 | 06
04 | 04
& & & & %00 & &S & & ¢ @@ bﬁ £ 8e ey &0? ¥
GO Y S &g 3 ¥
& & & 4 ¥ &
W ¥ Cﬁ\ﬁ
GDH GDH TCA
GDH /

GDH /




(Gln) GDH
Gln/ (Glw) 1.28
Gln Glu a
Glu
2 5
Glu Gln/Glu  0.72
a- 1.29
ATP
ATP/ADP
ATP ADP
GDH
TCA
@
TCA
GDH
o
1.6
1.4
1.2
1 ]
0.8 -
0.6 -
0.4
Gln Glu GIn/Glu 2-0G
16
14
12
1_ .
0.8
06 1
04
Foe & ¥ &S
é @}6
GDH
GDH /

CoA 3-

Glu 1
Gln Gln/Glu
GDH
N-

ATP/ADP

1)Stanley CA et al, Hyperinsulinism and
hyper- ammonemia in infants with
regulatory mutations of the glutamate
dehydrogenase gene, N Engl J Med. 338,
1998, 1352-17.

2) Fujioka H, Okano Y, et al. Molecular chara-
cterisation of glutamate dehydrogenase
gene defects in Japanese patients with
congenital hyperinsulinism/ hyperammo-
naemia. Eur J Hum Genet. 9, 2001, 931-7.

3) Kawajiri M, Okano Y, et al. Unregulated
insulin secretion by pancreatic beta cells in
hyperinsulinism/hyperammonemia
syndrome: role of glutamate dehydrogenase,
ATP- sensitive potassium channel, and
nonselective cation channel. Pediatr Res. 59,
2006, 359-64.

& 8 S N\ X X g 3
§ Y3$ &Q\Q ‘QYS @ \»}gﬁ@ @2’
¥ & &
0 A
%5
GDH
GDH /



4) Li C, et al, Effects of a GTP-insensitive
mutation of glutamate dehydrogenase on
insulin secretion in transgenic mice. J Biol
Chem. 281, 2006, 15064-72.

5) Aso K, Okano Y, et al, Spectrum of
glutamate dehydrogenase mutations in
Japanese patients with congenital
hyperinsulinism and hyperammonemia
syndrome. Osaka City Med J. 57, 2011,1-9.

1
Nakano K, Kobayashi K, Okano Y, Aso K,
Ohtsuka Y., Intractable absence seizures in
hyperinsulinism-hyperammonemia syndrome.
Pediatr Neurol. 47, 2012, 119-22. doi: 10.1016/
j.pediatrneurol.2012.04.019.

(1)
OKANO Yoshiyuki

60231213

2
TOKUHARA Daisuke

60448751

(3
MORITA Takashi

70150349

SAHEKI Takeyori

10056070



