
2.Materials and Methods

2.1Materials and reagents

PC12 cell (purchased from Peking Union Cell Bank);Protease inhibitor (Calbiochem);

acetonitrile (Fisher Chemical); trifluoroacetic acid (Sigma-Aldrich); formic acid

(Fluka); iodoacetamide (Sigma); Dithiothreitol (Sigma); urea (urea) (Sigma);

triethylammonium hydrogencarbonate (TEAB) (Sigma); BCA kit (Biyuntian); TMT

labeling kit (Thermo); phosphorylation Enzyme inhibitor (millipore);1640 medium

(Gibco); FBS (Gibco); β-amyloid (052487, Jill Biochemical Co., Ltd.);verbascoside

(61276-17-3, Beijing Zhongke Quality Biotechnology Co., Ltd.); monosialic acid IV

Hexose ganglioside sodium injection (80261C10, Qilu

Pharmaceutical);SYN1-Specific Rabbit Polyclonal antibody (proteintech);

Phospho-Synapsin (Ser9) Antibody (Cell Signaling); Synaptotagmin-1 Rabbit mAb

(Cell Signaling);Phospho- CaMKII (Thr286) Rabbit mAb (Cell

Signaling);Synaptophysin Rabbit mAb (Cell Signaling);β-actin antibody

(Solarbio);Goat Anti-Rabbit IgG ( BOSTER),other reagents were of analytical grade;

the experimental water was deionized water.

2.2Experimental methods

Through the organic combination of TMT labeling, high performance liquid

chromatography grading technology, phosphorylated peptide modification and mass

spectrometry-based quantitative proteomics technology, the phosphorylation

modification quantitative characterization in the sample is carried out. the study. Its

technical route is shown below:Protein extraction- trypsin digestion- TMT/iTRAQ

label- affinity enrichment- HPLC fractionation- mass spectrometry- database search-

bioinformatics analysis.

2.3Protein extraction

PC12 cells in logarithmic growth phase were inoculated into 6-well plates at 2×105

per well, cultured in an incubator for 24 h, and then treated with Aβ1-42 10 μmol L-1

and OC110 μg·mL-1 for 24 h. Gently scrape the cells and store at -80 °C for later use.

Samples were removed and 4 volumes of lysis buffer (8 M urea, 1% protease inhibitor,

1% phosphatase inhibitor) were added and sonicated. After centrifugation at 12,000



rpm for 10 min at 4 °C, the cell debris was removed, the supernatant was transferred

to a new centrifuge tube, and the protein concentration was determined using a BCA

kit.

2.4Trypsin digestion and TMT labeling

Dithiothreitol was added to the protein solution to a final concentration of 5 mM and

reduced at 56 ° C for 30 min. Iodoacetamide was then added to a final concentration

of 11 mM and incubated for 15 min at room temperature in the dark. Finally, the urea

concentration of the sample is diluted to less than 2 M. Trypsin was added at a mass

ratio of 1:50 (pancreatin: protein) and digested overnight at 37 °C. Trypsin was added

at a mass ratio of 1:100 (pancreatin: protein) and continued to digest for 4 h. The

trypsin-digested peptide was desalted with Strata X C18 (Phenomenex) and

vacuum-dried. The peptide was solubilized with 0.5 M TEAB and the peptides were

labeled according to the TMT kit instructions.

2.5HPLC classification and modification enrichment

The peptides were fractionated using high pH reverse HPLC. Peptide fractionation

gradient was 8%-32% acetonitrile, pH 60, 60 min time separation of 60 components,

followed by peptides combined into 4 components, the combined components were

vacuum freeze-dried. The peptide was then dissolved in an enrichment buffer (50%

acetonitrile / 6% trifluoroacetic acid) and the supernatant was transferred to

pre-washed IMAC material and placed on a rotary shaker for gentle shaking. After the

completion of the incubation, the resin was washed three times with a buffer solution

of 50% acetonitrile / 6% trifluoroacetic acid and 30% acetonitrile / 0.1%

trifluoroacetic acid. Finally, the modified peptide was eluted with 10% ammonia

water, and the eluate was collected and vacuum-dried and drained. After draining, the

salt was removed according to the C18 ZipTips instructions, vacuum-dried and

drained for liquid-mass spectrometry analysis.

2.6Liquid Chromatography-Mass Spectrometry Analysis

The peptides were dissolved in liquid phase A phase (0.1% (v/v) aqueous formic acid)

and separated using an EASY-nLC 1000 ultra high performance liquid system. Mobile

phase A was an aqueous solution containing 0.1% formic acid and 2% acetonitrile;



mobile phase B was an aqueous solution containing 0.1% formic acid and 90%

acetonitrile. Liquid phase gradient setting: 0-40 min, 4%~22% B; 40-52 min,

22%~35% B; 52-56 min, 35%~80% B; 56-60 min, 80% B, The flow rate was

maintained at 350 nL/min. The peptides were separated by ultra-high performance

liquid phase system and injected into the NSI ion source for ionization and then

analyzed by Q Exactive Plus mass spectrometry. The secondary mass spectrometry

data was searched using Maxquant (v1.5.2.8).

2.7Mass spectrometry control

As shown in the figure below, most of the peptides are distributed in 7-20 amino acids,

which is consistent with the general rule based on trypsin enzymatic hydrolysis and

HCD fragmentation. Peptides with less than 5 amino acids are too small to produce

effective sequence identification. Peptides larger than 20 amino acids are not suitable

for fragmentation of HCD due to their high mass and charge number. The distribution

of peptide lengths identified by mass spectrometry meets quality control

requirements.

Fig. 1 Mass spectrometry identified the length distribution of peptides and

identification of protein corresponding modification site distribution

2.8Bioinformatics analysis method

2.8.1Protein annotation method

Gene Ontology analysis: Gene Ontology analysis, or GO analysis, is a bioinformatics

analysis method that can link information between genes and gene products (such as

proteins) to provide statistical information. Gene Ontology analysis mainly includes

three aspects: 1. Cell composition 2. Molecular function 3. Biological process.

KEGG pathway annotation: KEGG (Kyoto Encyclopedia of Genes and Genomes) is



able to integrate currently known protein interaction network information. We used

the KEGG pathway database to annotate the protein pathway to match the protein to

the corresponding pathway in the database.

Subcellular localization: Proteins in eukaryotic tissue cells are located in detail on

various elements within the cell, depending on the membrane structure with which

they bind. We used a software for predicting subcellular localization wolfpsort to

perform subcellular localization annotation of the submitted protein.

2.8.2Analysis of modified site motifs

Software MoMo, the motif-x algorithm was used to analyze the motif features of the

modified sites. Among them, 10 identified phosphorylations from upstream and

downstream of each identified modification site were peptide fragments consisting of

6 amino acids from upstream to downstream. The analysis background was 10

upstream and downstream of all potential modification sites in the species

( Phosphorylation is a peptide sequence consisting of 6 amino acids of each of the

upstream and downstream. When the number of peptides in a certain characteristic

sequence form is greater than 20, and the statistical test P value is less than 0.000001,

the characteristic sequence form is considered to be a motif of the modified peptide.

2.8.3Cluster analysis based on protein function enrichment

Cluster analysis based on functional enrichment of differentially modified proteins (or

differentially modified proteins with different differential folds) based on different

groups was used to study their potential associations and differences in the KEGG

pathway. We first collect functional classification information enriched for the protein

used and the corresponding enriched P-value values, and then screen out functional

classifications that are significantly enriched (P-value < 0.05) in at least one protein

group. The P-value data matrix obtained by the screening is first subjected to

logarithmic transformation with -log10, and then the transformed data matrix is

subjected to Z transformation for each function classification. Finally, the data set

obtained after Z transformation is analyzed by hierarchical clustering (European

distance, average connected clustering). The clustering relationship is visualized using

the heat map drawn by the function heatmap.2 in the R language package gplots.



2.9Western blotting

RIAP buffer was used to lyse PC12 cells, nuclear proteins were extracted, and protein

content was quantified by BCA method. Add the sample buffer to the same amount of

protein in each group. SDS-PAGE electrophoresis until the bromophenol blue reached

the bottom of the separation gel, transferred to the PVDF membrane (200 mA, 2 h),

and the pre-stained protein marker determined the molecular weight standard position.

Block with 5% skim milk powder for 1 h. Antibody p-CaMKII (Thr286) (1:1000),

Synapsin (1:2000), p-Synapsin (Ser9) (1:1000), Synaptophysin (1:1000),

Synaptotagmin-1 (1:1000), β- Actin (1:1000), diluted with blocking solution, and

incubated overnight at 4 °C. TBST was decolorized 3 times for 10 min each time.

Horseradish peroxide-labeled goat anti-rabbit polyclonal antibody (1:1000) was

incubated for 2 h at room temperature, and exposed to ECL luminescence solution.

After scanning the film, Image J software analyzed the gray scale of the strip and

performed semi-quantitative comparison analysis. Using its own gray value correction,

the expression level of the protein is expressed by the gray scale ratio of the band gray

of the target gene to the β-actin of the housekeeping gene.

2.10 Statistics

SPSS22.0 statistical software package was used for statistics, and the results were

expressed by sx  . The two groups and multiple groups of samples were compared

for univariate analysis of variance. P <0.05 indicates that the difference is statistically

significant.


