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Supplemental Materials and Methods
Behavioral analysis
Tail suspension test
Mice were secured to a flat metallic surface by the distal tail end and suspended in a visually isolated area. Their behavior was recorded for 30 sec using a digital camera. The severity of motor paralysis was rated by three observers blinded to the experimental groups. Three separate trials were performed during a single light phase, and the observers scored the severity of motor paralysis for each trial. Scoring was as follows: 0, hind limbs are consistently splayed or kicked outward away from the abdomen; 1, one hind limb is retracted toward the abdomen for more than 50% of the time; 2, both hind limbs are partially retracted toward the abdomen for more than 50% of the time; and 3, both hind limbs are entirely retracted and touching the abdomen for more than 50% of the time. Scores of 0.5 were used when appropriate. The severity of motor paralysis was determined based on the average of all scores.

Open-field test
Habituation of exploratory activities was evaluated using the open-field test. A transparent box without a ceiling (43 × 43 × 15 cm) was housed in a ventilated sound-attenuating chamber (Natsume Seisakusho, Japan). Overhead room lighting was measured as approximately 100 lux at the chamber floor. The spontaneous motor activity of mice was monitored using SCANET MV-40 (Melquest, Toyama, Japan), an automated motion analysis system with 72 infrared beams attached 2 cm above the floor at 0.6 cm intervals on each of the X and Y banks. Mice were placed in the center of the transparent box during the light cycle and were allowed to explore freely. The activity score was calculated using the SCANET software and was defined as the total number of beam interceptions per bank, which was recorded in 0.1-sec bins over 10 min. The change in activity score was used to compare activity levels between the initial and final periods. Habituation was calculated as the activity scored during the final 2 min divided by activity scored during the initial 2 min.
To assess circadian activity, mice were individually housed with ad libitum access to food and water for four days before being placed in a transparent cage (21 × 21 × 21 cm, with a ceiling), which was housed in a ventilated sound-attenuating chamber. The mice were maintained on a 12-hour light–dark cycle (lights on at 8 a.m. and off at 8 p.m.) and supplied fresh food, water, and paper bedding at the beginning of the experiment. Circadian activity was monitored using the SCANET software through data collected from 36 infrared beams/cage attached to each of the X and Y banks. Circadian activity was analyzed in 15-min bins using SCANET software. The activity change ratio score was used to compare activity levels during the initial and final periods. Habituation was calculated as the activity score during the final dark phase divided by the activity score during the first dark phase. The apparatus were cleaned with 70% ethanol after each evaluation.
Data-independent acquisition-based phosphoproteomic analysis
For data-independent acquisition (DIA)-based phosphoproteomic analysis, the brain homogenate was incubated in 8 volumes of cold acetone at −20°C for 2 h. The sample was precipitated in acetonitrile containing 0.1% trifluoroacetic acid, and was then extracted in 0.5% sodium dodecanoate and 100 mM Tris-HCl (pH 8.5) for treatment with 10 mM dithiothreitol and alkylation with 30 mM iodoacetamide. The mixture was digested by adding 5 µg trypsin/Lys-C mix and centrifuged at 15,000 g at room temperature for 5 min. The supernatant was desalted using C18-StageTips, followed by drying with a centrifugal evaporator. The dried peptides were redissolved in 3% acetonitrile and 0.1% formic acid, followed by measurement.
Peptides were separated using 90 main gradients of solvent A (0.1% formic acid in water) and solvent B (0.1% formic acid in 80% acetonitrile), comprising 1% B from 0 min and 70% B from 90 min. Peptides eluted from the column were analyzed with Q Exactive HF-X (Thermo Fisher Scientific) for both data-dependent acquisition (DDA) and DIA MS analyses.
MS files were searched against the dataset containing the UniProtKB/Swiss-Prot Mus musculus database and the additional sequence data on the following isoforms of human tau with the P301S mutation and the mouse tau: human fetal tau isoform (UniProt ID, P10636-2), human tau-E isoform with P301S (UniProt ID, P10636-7 with P301S), human tau-F isoform with P301S (UniProt ID, P10636-8 with P301S), mouse tau-A isoform (UniProt ID, P10637-2), modified mouse tau-A isoform (UniProt ID, P10637-2 with aa 63–91 deletion), mouse tau-C isoform (UniProt ID, P10637-4), and mouse tau-E isoform (UniProt ID, P10637-6). We used the following search engines: Proteome Discoverer v2.3 (Thermo Fisher Scientific) with Sequest HT for DDA-MS files and Scaffold DIA v3.0 (Proteome Software, Portland, OR, USA) for DIA-MS files.
A chromatogram library was generated by searching the MS data in the library against the dataset containing the UniProtKB/Swiss-Prot Mus musculus database and the additional sequence data using the Scaffold DIA software. The peptide identification threshold was set with a peptide false discovery rate of <1%. The data were analyzed using the Scaffold DIA search engine. The protein identification threshold was set with a peptide or protein false discovery rate of <1% in both the protein sequence database and the chromatogram library. Peptide quantification was determined using the EncyclopeDIA algorithm in Scaffold DIA.
Bioinformatics analysis
In the present study, we used KeyMolnet, a comprehensive and stand-alone database of the relationships among human genes and proteins, small molecules, diseases, pathways, and drugs, developed by the Institute of Medicinal Molecular Design. Expert biologists regularly update the knowledgebase. The DIA phosphorylated proteome data were input into the KeyMolnet software (version 5.6 I; Institute of Medicinal Molecular Design, Tokyo, Japan), and corresponding molecules were identified as nodes on networks. The network search algorithm on KeyMolnet has been described elsewhere. We used the following network search algorithms: “all molecules/kinases/phosphatases that directly interact with tau,” “N-points to a molecule,” and “the pathways that led to tau from all molecules with >1.5 or <0.67 fold change within the two paths.” We then compared the generated network with 544 human canonical pathways in KeyMolnet and counted the number of molecular overlaps between the generated network and the canonical pathway, assessing the degree of overlap using hypergeometric distribution analysis to list statistically meaningful pathways. The significance in similarity between both networks was scored as follows:
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O is the number of overlapping molecular relations, V is the number of molecular relations in the extracted network, C is the number of molecular relations in the canonical pathway, T is the total number of molecular relations (approximately 90,000 sets), and X is the sigma variable defining incidental agreements. A score of >20 in the hypergeometric distribution was considered to indicate statistical significance.


Figure and table legends
Fig. S1. Diet composition and calorie ratio of the diets used in the experiments

Fig. S2. Accumulation of phosphorylated tau aggregates in the brain stem of diabetic tau-tg mice. (A) Western immunoblot analysis of soluble brain stem fractions using antibodies against total tau (Tau5) and phospho-tau (pSer396). Representative immunoblot and quantification of total tau and phospho-tau are shown. β-actin was used as the loading control. (B) Western immunoblot analysis of insoluble brain stem fractions using antibodies against total tau (Tau5) and phospho-tau (pSer396). Representative immunoblot and quantification of total tau and phospho-tau are shown. β-actin was used as the loading control. n = 9–10/group. *p < 0.05, Student’s t test 
Abbreviations: HFD, high-fat diet; NCD, normal chow diet

[bookmark: _Hlk103177530]Fig. S3. The expression levels of GSK3β in the brains of diabetic tau-tg mice. The levels of total and phosphorylated GSK3β were measured using western immunoblotting (n = 9–10/group). 
Abbreviations: GSK3β, glycogen synthase kinase 3β; HFD, high-fat diet; NCD, normal chow diet; NS, not significant

Table S1. Complete list of phosphorylated tau peptides identified using DIA phosphoproteomic analysis.
The heatmap colors reflect the number of peptides identified in the analysis, with red and blue colors indicating high and low abundancy, respectively. Significant differences with p values of <0.05 are highlighted in yellow. n = 4–6/group. Welch’s t test
Abbreviations: DIA, data-independent acquisition
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