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PET scan analysis demonstrated the early reduction of cerebral glucose metabolism in Alzheimer disease (AD) patients that can make neurons vulnerable to damage via the alteration of the hexosamine biosynthetic pathway (HBP). Defective HBP leads to flawed protein O-GlcNAcylation coupled, by a mutual inverse relationship, with increased protein phosphorylation on Ser/Thr residues. Altered O-GlcNAcylation of Tau and APP have been reported in AD and is closely related with pathology onset and progression (1,2). In addition, type 2 diabetes patients show an altered O-GlcNAcylation/phosphorylation that might represent a link between metabolic defects and AD progression (3,4). Our study aimed to decipher the specific protein targets of altered O-GlcNAcylation in brain of 12-month-old 3×Tg-AD mice compared with age-matched non-Tg mice. Hence, we analyzed the global O-GlcNAc levels, the levels and activity of OGT and OGA, the enzymes controlling its cycling and protein specific O-GlcNAc levels using a bi-dimensional electrophoresis (2DE) approach. Our data demonstrate the alteration of OGT and OGA activation coupled with the decrease of total O-GlcNAcylation levels. Data from proteomics analysis led to the identification of several proteins with reduced O-GlcNAcylation levels, which belong to key pathways involved in the progression of AD such as neuronal structure, protein degradation and glucose metabolism. In parallel, we analyzed the O-GlcNAcylation/phosphorylation ratio of IRS1 and AKT, whose alterations may contribute to insulin resistance and reduced glucose uptake. Our findings may contribute to better understand the role of altered protein O-GlcNAcylation profile in AD, by possibly identifying novel mechanisms of disease progression related to glucose hypometabolism.  
Method
Sample preparation, proteomic analysis and MS/MS analysis: Experiments were conducted on 3×Tg-AD and non-Transgenic (Non-Tg) (6 and 12 months) male mice (6 mice per group). Animals were sacrificed at the selected age and the brain was extracted. Hippocampi from 3×Tg-AD and Non-Tg mice, were thawed in Media 1 lysis buffer (pH 7.4), in the presence of the proteinase and phosphatase OGA and OGT inhibitors and protein extraction and determination were performed with standard protocol in our lab. Proteomic analysis to detect the glycosylated proteins in 3×Tg-AD and Non-Tg mice at 12 months of age were performed with two-dimensional (2D) electrophoresis and 2D blots following the standard protocols in our lab. After running the 2D gels, they were blotted on nitrocellulose membranes and glycoproteins were detected on the membranes after blocking and incubating with primary for O-GlcNAcylation modification respectively and secondary antibodies. Membranes were then washed with T-TBS three times and developed using BCIP/NBT. All SYPRO ruby-stained 2D gels and 2D blots images were analyzed by PD-Quest 2D Analysis (7.2.0 version; Bio-Rad, Hercules, CA, USA). Significant glycosylated protein spots were identified and excised from 2D-gels and transferred Eppendorf tubes for trypsin digestion and send to MS/MS analysis. High-resolution HPLC-ESI-MS/MS experiments were carried out by an Ultimate 3000 RSLC nano system coupled to an LTQ Orbitrap ELITE apparatus. MS/MS data were elaborated by Proteome Discoverer software (version 1.4.1.14, Thermo Fisher Scientific, Waltham, MA, USA), based on SEQUEST HT cluster as search engine against UniProtKB mouse database.

Result: 
Since previous study in 3xTg-AD mice have been showed age related reduced glucose uptake (5) together with insulin resistance (6). Findings by Gatta and group in 12 M 3xTg-AD mice showed reduced O-glycosylated Tau associated with increased Tau phosphorylation in hippocampus, however these modifications are region specific and we didn’t find such changes in cortex and cerebellum further. We also analyzed total OGT (O-GlcNAc transferase) level which does not show any changes in both in 12M 3xTg mice and non-Tg mice but instead we found increased OGA (enzyme responsible for removal of glucose moiety on the protein) in 12 M 3xTg-AD mice. Overall, the analysis of OGA and OGT enzymes suggests the involvement of these two enzymes in the reduction of total protein O-GlcNAcylation in AD pathology. In the line these observations we further investigated proteomics analysis of O-GlcNAcylated targets in order to identify specific proteins with altered O-GlcNAc levels in AD mice compared to Non-Tg mice. Our analysis allowed the identification of 14 proteins differentially O-GlcNAcylated (normalized on protein levels) by using mass spectrometery. Further, to confirm that our method recognized O-GlcNAcylated proteins and that proteomics data are reliable, we performed validation analysis on four of the proteins found to be aberrantly O-GlcNAcylated, Drp-2, Ulk1, Eno1 and Gapdh. The western blot further confirmed proteomics analysis showing a reduction of O-GlcNAcylation for Drp-2, Ulk1, Eno1 and Gapdh respectively. Overall, these findings suggest that reduced level of O-GlcNAcylation may enhance the protein phosphorylation and contribute in AD pathology.
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