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Elect of Soy Peptide Ingestion on the Free Amino Acid Contents in Adult
Brain of Genetic Serine Deficiency Model Mice
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Kyushu University, Fukuoka 812-8581

ABSTRACT

Dietary ingestion of soy proteins has been proven successful at improving several
disease-related parameters including blood pressure and insulin sensitivity.
However, the ellects of dietary soy proteins on brain are less well described. The
aim of this study was to assess effects of dietary soy peptide administration on
free amino acid levels in the brain of genetic serine deficiency model and C57BL/6
wild type mice. We compared the elects of oral ingestion of soy peptide mixture
(Hinute-AM), which is mainly composed of di- and tripeptides, and L-serine alone at
a equimolar concentration of that in Hinute-AM. After 9 hours' free oral ingestion
of Hinute-AM or L-serine solution, cerebral cortex, hippocampus, hypothalamus,
cerebellum, and blood were sampled to analyze amino acid concentrations. L- and
D-Serine contents in the brain of genetic serine deficiency model mice, which were
markedly lower compared to that of C57BL/6 mice, were more increased after
ingestion of L-serine in four brain regions examined, compared to Hinute-AM.
However, the ingestion of Hinute-AM significantly enhance tissue contents of some
amino acids including branched-chain amino acids and some neurotransmitters/
modulators in the cerebral cortex and hippocampus of the model mice. The L-serine
ingestion did not alter these amino acids. We observed similar efects of Hinute-AM
on the amino acid contents in the cerebral cortex and hippocampus of C57BL/6
mice. The present observations leads to the possibility that increased amino acids
derived from soy peptides may have some beneficial eCects on brain functions. Soy
Protein Research, Japan 13, 109-115, 2010.
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Fig. 1. EDect of soy peptide ingestion on L-serine content in cerebral cortex and hippocampus of brain-specific
Phgdh KO mouse. Abbreviations (RO: control group, L-Ser: L-serine-ingested group, Soy: soy peptide-
ingested group)
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Fig. 2. Effect of soy peptide ingestion on D-aspartate content in cerebral cortex and hippocampus of brain-
specific Phgdh KO mouse. Abbreviations (RO: control group, L-Ser: L-serine-ingested group, Soy: soy

peptide-ingested group)
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Fig. 3. Elect of soy peptide ingestion on L-Leu and L-Val contents in cerebral cortex and hippocampus of brain-
specific Phgdh KO mouse. Abbreviationsd RO: control group, L-Ser: L-serine-ingested group, Soy: soy

peptide-ingested groupl

00000odododvol 18120100

113



000000000 000000000000000
00000000000 00000000GABADD
Jodd00ooobOo0O0O00OoOoOoOoOoOoooo
0000000000000000000000000
O00OO0DDOOGABAOOOOODOOODOOOOO
000000000000000000000000
000000000 000000000000000
0000000000L0000000000000
000000000000000000000000
0000000oo0oo0o00000000000™00
0000000000 000000DO0O0oDO0O000
0000000000000 0000000000
Y“ODpDO00000D0O00O0NMDADOOOODODOO
0000000000000000D00000000
000000000 0000000D00000000
ooooooooooooo®00000ooooo
000000000000000000000000

0000DOO0ODO00O00ODO0OO0ONDODONOoOo
000O00o00ooooo*o
00000000000000000000000
000000000000000000000000
0000000000000 D00000000000
00000000000000000D0000000
0OobOODOO0O0DDOO0O0ODOCKOOOODOOO
0000000000000 D0000D0000000
000000000000000000000CKO
0000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000

gogboogd

000O0OPhgdh KOOOOOOOOOOOOOOOOOOOOOOOOO0OO0O0O0O0O00O00D0O
ooooooooooobooooooboOoOooooOoboboOoOoOoOobocOoOoOoOoOOobOoOoOoOoObOO
goboooooooooooooOobpbOoOoboOoOoOoOoOoOoOooOoboOoOoOoboOoOoooOoboOoOooOnO
goooooooooooboooooobooooooboboOoooOooOoboOoOoooOboboOoOooOoDobOoo

goooobooooooooooboooooooo

gooogo
gbooooooboooooooboooobooomoooboboobooboboomWooooboo

gbooobooboooo

gooogo

10 Snell K (1984): Enzymes of serine metabolism in
normal, developing and neoplastic rat tissues. Adv
Enzyme Regul, 22, 325-400.

20 Mitoma J, Furuya S and Hirabayashi Y (1998):
A novel metabolic communication between
neurons and astrocytes: Non-essential amino acid
L-serine released from astrocytes is essential for
developing hippocampal neurons, Neurosci Res,
30, 195-199.

30 Furuya S, Tabata T, Mitoma J, Yamada K,
Yamasaki M, Makino A, Yamamoto T, Watanabe
M, Kano M and Hirabayashi Y (2000): L-Serine

114

and glycine serve as major astroglia-derived
trophic factors for cerebellar Purkinje neurons.
Proc Natl Acad Sci USA, 97, 11528-11533.

40 Yamasaki M, Yamada K, Furuya S, Mitoma
J, Hirabayashi Y and Watanabe M (2001):
3-Phosphoglycerate dehydrogenase, a key
enzyme for I-serine biosynthesis, is preferentially
expressed in the radial gliaZastrocyte lineage and
olfactory ensheathing glia in the mouse brain. J
Neurosci. 21, 7691-7704.

50 Yoshida K, Furuya S, Osuka S, Mitoma J,
Shinoda Y, Watanabe M, Azuma N, Tanaka

0000o0odododvol 18120100



H, Hashikawa T, Itohara S and Hirabayashi
Y (2004): Targeted disruption of the mouse
3-phosphoglycerate dehydrogenase gene causes
severe neurodevelopmental defects and results in
embryonic lethality. J Biol Chem, 279, 3573-3577.

600 Furuya S, Yoshida K, Kawakami Y, Yang JH,

Sayano T, Azuma N, Tanaka H, Kuhara S
and Hirabayashi Y (2008): nactivation of the
3-phosphoglycerate dehydrogenase gene in
mice: changes in gene expression and associated
regulatory networks resulting from serine
deficiency. Funct Integr Genomics, 8, 235-249.

70 Tabatabaie L, Klomp LW, Berger R and de

Koning TJ (2010); L-Serine synthesis in the
central nervous system: a review on serine
deficiency disorders. Mol Genet Metab, 99, 256-
262.

80 Lefauconnier JM and Trouve R (1983):

Developmental changes in the pattern of amino
acid transport at the blood-brain barrier in rats.
Brain Res, 282, 175-182.

90 Yang J, Wada A, Yoshida K, Miyoshi Y, Sayano

T, Esaki K, Kinoshita OM, Tomonaga S, Azuma
N, Watanabe M, Hamase K, Zaitsu K, Machida
T, Messing A, Itohara S, Hirabayashi Y and
Furuya S (2010): Brain-specific Phgdh deletion
reveals a pivotal role for L-serine biosynthesis
in controlling the level of D-serine, an NMDA

00000odododvol 18120100

receptor co-agonist, in adult brain. J Biol Chem, in
press

100 Zhuo L, Theis M, Alvarez-Maya |, Brenner M,
Willecke K and Messing A (2001): hGFAP-cre
transgenic mice for manipulation of glial and
neuronal function in vivo. Genesis, 31, 85-94.

110 Sakai R, Cohen DM, Henry JF, Burrin DG and
Reeds PJ (2004): Leucine-nitrogen metabolism in
the brain of conscious rats: its role as a nitrogen
carrier in glutamate synthesis in glial and
neuronal metabolic compartments. J Neurochem,
88, 612-622.

1200 Cole JT, Mitala CM, Kundu S, Verma A, Elkind
JA, Nissim | and Cohen AS (2010): Dietary
branched chain amino acids ameliorate injury-
induced cognitive impairment. Proc Natl Acad Sci
USA, 107, 366-371.

130 Errico F, Nistico R, Napolitano F, Mazzola C,
Astone D, Pisapia T, Giustizieri M, D'Aniello
A, Mercuri NB and Usiello A (2010): Increased
d-aspartate brain content rescues hippocampal
age-related synaptic plasticity deterioration of
mice. Neurobiol Aging, in press

140 Kim PM, Duan X, Huang AS, Liu CY, Ming
GL, Song H and Snyder SH (2010): Aspartate
racemase, generating neuronal D-aspartate,
regulates adult neurogenesis. Proc Natl Acad Sci
USA, 107, 3175-3179.

115



