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Role of a beta—galactoside alpha-2, 3-sialyltransferase4,

St3gal4, on the metabolic load in a mouse model of anxiety and
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Beta-galactoside alpha-2,3-sialyltransferase 4, ST3Gal 1V, is a sialyltransferase that adds sialic acids to
nonreducing glycoproteins. In mice, St3gal4 deficient (KO) mice failed to exhibit the evoked epileptic
seizures, while exhibiting anxiety- and depression-like behaviors. In human, it has been reported that single
nucleotide polymorphisms (SNPs) of ST3GAL4 are associated with the plasma level of several molecules
related to lipid metabolic aberration. Generally, it is well-known that temporal lobe epilepsy and
anxiety/depression are associated with obesity, diabetes, and cardiovascular diseases as high risks of
comorbidity. The studies included in the present thesis aimed to determine whether the metabolic profile
related with ST3Gal IV is consistent between human and mice and then investigate whether
St3gal4-deficient mice could be model for anxiety and depression accompanied by metabolic load. As
results, the metabolic effects in plasma of St3gal4-KO mice were dependent on sexual dimorphism. In
female, St3gal4-KO mice exhibited a decrease in cholesterol, VLDL-cholesterol, and of the
HDL-cholesterol/LDL-cholesterol ratio. In male, St3gal4-KO mice exhibited a decrease in plasma
triglyceride level and a tendency of reduction in plasma cholesterol level, but no differential lipoproteins.
These mice phenomena significantly mimicked human blood lipid characteristics, suggesting that the
differences in blood lipid composition and transport mechanisms exist only due to the sex distinction, in
both mice and humans.

Next, to investigate effect of metabolic load on development of psychiatric disorders, compositions and
contents of fatty acids originated from plasma glycerides and free amino acids in plasma were compared
between St3gal4-KO and wild-type mice. As results, in both sex, the loss of ST3Gal IV decreased plasma



tryptophan, suggesting the differences in transport of tryptophan into the brain and translation to serotonin,
which is involved in many emotional behaviors. In female, the loss led to large statistical dispersions of
most fatty acids at the proestrus/estrus (PE/E) stage; tended to be lower in most fatty acids than in
wild-type mice at the metestrus/diestrus (M/D) stage, especially in arachidonic acid (C20:4) was one of the
most affected fatty acids; and decreased lysine level at the proestrus/estrus stage. It suggests that deficiency
of St3gal4 modulates amount of cholesterol and the disordered ratio of lipoproteins, which lead to
differential compositions of fatty acids associated with lysine that functions in the production of carnitine,
being a key molecule in fatty acid metabolism depending on estrus cycles. Hence, deficiency of St3gal4
may fail to accurately biosynthesize lipids responsible for estrus cycles. In male, the loss of ST3Gal IV
increased plasma sarcosine level accompanied by a low body weight and low level of GH/IGF-1 in both the
blood and brain. It is reported that sarcosine is reduced with aging and increases by improved proteostasis
via dietary restriction in mice and humans. Hence, the loss of ST3Gal IV might affect aging and longevity
via sarcosine level. Finally, present studies propose that the loss of ST3Gal IV modulates metabolic load,
leading to developments of psychiatric disorders and aging.

Furthermore, the studies included in the present thesis investigated where the metabolic load occurs and
what is molecules in charge on the metabolic load. In situ hybridization immunohistochemistry with
St3gal4 riboprobe revealed that St3gal4 mRNA were highly expressed in basal epithelium cells of the
upper digestive system (esophagus and submandibular gland) and the lower part of the digestive system
(colon and rectal) in both sex; of the testis and preputial gland in male; and of the vagina and cervix in
female. To isolate the cells from tissues for analyzing their metabolic profile, the present study established
St3gal4mChemy’™ mice with a fluorescent reporter, mCherry, knock-in.

Taken together, the present thesis established a model of anxiety and depression accompanied by
metabolic load, St3gal4-deficient mice, and made a platform for analyzing new molecular mechanisms of
comorbidity between psychiatric and metabolic disorders.
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