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A reciprocal relationship existing between glia cells and
neurons is vital for brain development and the mainte-
nance of the functional neurons. In 1998, we discovered
that the survival and morphological development of hip-
pocampal neurons are completely dependent on the non-
essential amino acid, L-serine released actively from as-
troglia. To our surprise, the non-essential amino acid “L-
serine” is shown to be “essential” amino acid for neuron.
This serine-requirement for cellular development was also
shown in the cerebellar Purkinje neurons. To investigate
whether such a metabolic neuron-glial relationship is an es-
sential part for the developing and adult brain in vivo, we
have generated tissue-specific Phgdh knockout mice using
the Cre/loxP system. In the case of Phgdh global knock-
out mice, they exhibited small bodies and died at around
post-coitum 13.5. A striking defect was observed in devel-
opment of the central nervous systems; hypoplasia of the
telencephalon, diencephalons, and mesencephalon. These
results demonstrate that the phosphorylated pathway for
L-Ser biosynthesis from glucose is essential for embryonic
development. In Phgdh knockout embryos, L-serine lev-
els were greatly reduced compared with the normal con-
trol (10% of Phgdh +/+4). The absence of Phgdh also
led to a drastic reduction of L-serine metabolites such as
glycine (30% of Phgdh +/4), phospholipids (PS), and sph-
ingolipids (sphingomyelin and ganglisoide GD3), indicat-
ing an absolute requirement for the endogenous synthesis
of L-serine for these lipids synthesis. A cDNA microarray
analysis demonstrated that the absence of Phgdh leads to
altered gene expression of the several genes involved in
L-serine biosynthesis, amino acid transporter in the mu-
tant mice. During our work on Phgdh knockout mouse,
we isolated hypomorphic mutant mice where the level of
L-serine in the brain is markedly decreased due to reduc-
tion of Phgdh mRNA and protein expression. The mutant
mouse will provide an excellent animal model for the con-
genital diseases associated with PHGDH deficiency. We
previously showed that inhibition of sphingolipid biosyn-
thesis culminates in reduced cell survival accompanied by
an induction of apoptotic cell death and aberrant dendritic
differentiation of cerebellar Purkinje neurons with no de-
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tectable changes in other cerebellar neurons. Thus, we
hypothesize de novo sphingolipid synthesis from L-serine
is a prerequisite for the development of certain populations
of post-mitotic neurons such as Purkinje neurons. To de-
termine the physiological function of de novo sphingolipid
biosynthesis in the neurons, we have generated Purkinje
neuron-specific knockout mice for Sptlc2 by crossing Sptlc-
2 floxed mice with L7-Cre transgenic mouse. The knock-
outs were born normally but showed cerebellar ataxia.
Very interestingly, the Purkinje neurons in the knockout
mice survived in a region-specific manner.
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