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Abstract
Background
The human brain is the most complex organ in the body, and it is important to have a better understanding of how the protein composition in the brain regions contributes to the pathogenesis of associated neurological disorders.

Methods
In this study, a comparative analysis of the frontal and temporal cortex proteomes was conducted by isobaric tags of relative and absolute quantification (iTRAQ) labeling and two-dimensional liquid chromatography-tandem mass spectrometry (2D LC-MS/MS). Brain protein was taken from relatively normal tissue that could not be avoided of damage during emergent surgery of the TBI (traumatic brain injury) patients admitted in Beijing Tiantan Hospital from 2014 to 2017. Eight cases were included. Four frontal lobes and 4 temporal lobes proteome were analyzed and the proteins were quantitated. Gene Ontology (GO), Ingenuity Pathway Analysis (IPA), and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were used to analyze the biological function of identified proteins, unchanged proteins, and differentially expressed proteins (DEPs).

Results
A total number of 2127 protein groups were identified in the frontal and temporal lobe proteomes. A total of 1709 proteins could be quantitated in both the frontal and temporal cortex. Among 90 DEPs, 14 proteins were screened highly expressed in the temporal cortex, including MAPT, SNCG, ATP5IF1, GAP43, HSPE1, STMN1, NDUFS6, LDHB, SNCB, NDUFA7, MRPS36, EPDR1, CISD1, and RALA. In addition, compared to proteins expressed in the frontal cortex, 14 proteins including EDC4, NIT2, VWF, ASTN1, TGM2, SSB, CLU, HBA1, STOM, CRP, LRG1, SAA2, S100A4, and VTN were a low expression in the temporal cortex. The biological process enrichment showed that unchanged proteins between the frontal and temporal cortex mainly take part in regulated exocytosis, axon guidance, and vesicle-mediated transport. The KEGG pathway analysis showed that unchanged proteins between the frontal and temporal cortex mainly take part in oxidative phosphorylation, carbon metabolism, Huntington’s disease, and Parkinson’s disease.

Conclusions
The majority of proteins are unchanged between the frontal and temporal cortex, and unchanged proteins are closely related to its function. Among DEPs, MATP (tau) is upregulated in the temporal cortex, closely related to Alzheimer’s disease (AD), and is one of the targets for the treatment of AD. CLU is downregulated in the temporal cortex which functions as an extracellular chaperone that prevents aggregation of non-native proteins. It was suggested that the temporal lobe may not be the “functional dumb area” of the traditional view, but could be involved in important neural metabolic circuits.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41016-021-00241-5.
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Abbreviations
	iTRAQ
	Isobaric tags of relative and absolute quantification

	2D LC-MS/MS
	Two-dimensional liquid chromatography-tandem mass spectrometry

	TBI
	Traumatic brain injury

	GO
	Gene Ontology

	IPA
	Ingenuity Pathway Analysis

	KEGG
	Kyoto Encyclopedia of Genes and Genomes

	DEPs
	Differentially expressed proteins

	MAPT
	Microtubule-associated protein

	SNCG
	Gamma-synuclein

	ATP5IF1
	ATPase inhibitor, mitochondrial

	GAP43
	Neuromodulin

	HSPE1
	10kDa heat shock protein, mitochondrial

	STMN1
	Cluster of stathmin

	NDUFS6
	NADH dehydrogenase [ubiquinone] iron-sulfur protein 6, mitochondrial

	LDHB
	Cluster of L-lactate dehydrogenase B chain

	SNCB
	Beta-synuclein

	NDUFA7
	NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 7

	MRPS36
	28S ribosomal protein S36, mitochondrial

	EPDR1
	Mammalian ependymin-related protein 1

	CISD1
	CDGSH iron-sulfur domain-containing protein 1

	RALA
	Ras-related protein Ral-A

	EDC4
	Enhancer of mRNA-decapping protein 4

	NIT2
	Omega-amidase NIT2

	VWF
	von Willebrand factor

	ASTN1
	Astrotactin-1

	TGM2
	Protein-glutamine gamma-glutamyl transferase 2

	SSB
	Lupus La protein

	CLU
	Clusterin

	HBA1
	Hemoglobin subunit alpha

	STOM
	Erythrocyte band 7 integral membrane protein

	CRP
	C-reactive protein

	LRG1
	Leucine-rich alpha-2-glycoprotein

	SAA2
	Serum amyloid A-2 protein

	S100A4
	Protein S100-A4

	VTN
	Vitronectin

	AD
	Alzheimer’s disease

	CSF
	Cerebrospinal fluid

	IRB
	Institutional review board

	HPLC
	High-performance liquid chromatography

	IAM
	Iodoacetamide

	DTT
	Dithiothreitol

	RPLC
	Reversed phase liquid chromatography

	FASP
	Filter-aided sample preparation

	DDA
	Data-dependent acquisition

	CID
	Collisional induced dissociation

	CV
	Coefficients of variation

	PTM
	Post-translational modification

	NFT
	Neurofibrillary tangle




Background
The brain is one of the most complex organs in the body, makes up the largest portion of the central nervous system, and has the ability to affect most activities in the body. It plays an essential role in the emotional perceptions of events, memory processes, psychological processes, and linguistic and behavioral aspects [1]. Proteomics focuses on the large-scale global analysis of protein levels, functions, and interactions. It has been widely applied in basic studies and is promising in clinical research, in the areas of disease diagnosis and prognosis. However, proteomics of the brain remains challenging, as the brain contains multiple regions with different functions.
Though the extreme complexity of the human brain and the diverse cell types present increased difficulty, the field of neuro-proteomics is rapidly developing and has opened a new avenue in biomarker discovery in recent years, since the first report of the application of proteomics on brain samples in the 1990s [2]. The Human Brain Proteome Project aimed to establish a large-scale analysis of brains. Cerebrospinal fluid (CSF) was extensively profiled as it is the most widely used body fluid for neurological diseases. Recently, more than 3000 non-redundant proteins were identified in the normal CSF proteome [3]. Multiple reliable biomarkers of central nervous system disorders such as multiple sclerosis, Alzheimer’s disease, and Parkinson’s disease have been identified by MS-based proteomics methods [4].
Both the frontal lobe and temporal lobe are two of the four major lobes of the cerebral cortex in the brain. The frontal lobe, located at the front of the brain, covers a relatively large part of the human brain and plays an important role in problem-solving, working memory, storage, and executive processes [5]. The temporal lobe, located in the bottom middle part of the cortex, is involved in long-term memory, language recognition, and visual and auditory input [6]. Abnormalities of the frontal lobe are known to lead to schizophrenia, epilepsy, and some emotional disorders such as depression and bipolar disorder. Injury of the temporal lobe may also cause epilepsy, disorders of visual perception, altered personality, and affective behavior [7]. Proteomics technologies have been used to study the functions of these two lobes in previous studies. For example, disease-related alterations in the frontal cortex were reported in schizophrenia and major depressive disorder using a quantitative proteomic approach [8]. Oligodendrocyte and calcium homeostasis dysfunction in the anterior temporal lobe was identified as an important feature of schizophrenia using stable isotope labeling and shotgun proteomics [9].
The two lobes have some common functions, including congestive and emotional functions. The different protein expression patterns of the two parts of the cortex are pivotal to illustrate and understand the complex functions of the brain in response to a large variety of environmental stimuli and will further provide clues for disease diagnosis and prognosis. In the present study, we mainly focused on the in-depth identification of the two types of cortex by two-dimensional liquid chromatography-tandem mass spectrometry (2D-LC-MS/MS). We also aimed to identify differentially expressed proteins in the frontal and temporal lobe, in order to gain a better understanding of the functions of the two lobes, using iTRAQ labeling quantitation.
Methods
Ethics statement
The experiment was approved by the IRB (institutional review board) of Beijing Tiantan Hospital, and the approval No. is KY2014-021-02. All patients’ relatives signed informed consent.
Instruments and reagents
A Triple-TOF 5600 mass spectrometer from AB sciex (Framingham, MA, USA) and an ACQUITY UPLC system (Waters, Milford, MA, USA) were used for the proteomic analysis.
HPLC-grade acetonitrile, formic acid, trifluoroacetic acid, and ammonium bicarbonate were purchased from Thermo Fisher (San Jose, CA, USA); iodoacetamide (IAM) and dithiothreitol (DTT) were purchased from Sigma (St. Louis, MO, USA). 8-plex iTRAQ labeling reagent was purchased from ABsciex (Framingham, MA, USA). Sequencing-grade trypsin was purchased from Promega (V5111, Madison, WI, USA).
Experimental design
Brain protein was taken from relatively normal tissue that could not be avoided of damage during emergent surgery of the TBI (traumatic brain injury) patients admitted in Beijing Tiantan Hospital from 2014 to 2017. In this study, four frontal cortex and temporal cortex were used and the corresponding proteome was analyzed. A detailed scheme of experimental design for proteomics analysis of frontal cortex and temporal cortex is shown in Fig. 1. The main steps include (1) collection of the frontal cortex and temporal cortex; (2) extraction of total proteins from frontal cortex and temporal cortex; (3) protein reduction, alkylation, and tryptic digestion; (4) iTRAQ labeling of peptides from frontal cortex and temporal cortex; (5) combination of labeled peptides; (6) fractionation of combined peptides by high-pH RPLC (reversed-phase liquid chromatography); (7) LC-MS/MS analysis of fractionated peptides; (8) database retrieval of MS1 and MS2 spectra by Mascot for protein identification and quantification; and (9) bioinformatics analysis for functional annotations.
[image: ../images/41016_2021_241_Fig1_HTML.png]
Fig. 1Workflow for proteomics analysis of frontal and temporal cortex


Sample collection
Brain tissue samples, including four frontal cortex (Brodmann’s area 38) and four temporal cortex (Brodmann’s area 10), were obtained from 8 patients who underwent an operation for treatment of TBI patients (≤24 h) at the Beijing Tiantan Hospital of Capital Medical University (Beijing, China). The brain tissues sampled were relatively normal, more than 5mm away from the bleeding and contusion lesions, but resections were unavoidable during operations. Detailed information regarding these samples is listed in Table 1. These tissue samples were frozen immediately after resection and stored at −80 °C before use. The eight frozen tissue samples used for the proteomic analysis were first rinsed with PBS and homogenized by homogenizer in lysis buffer (50 mM Tris-HCl, 2.5 M thiourea, 8 M urea, 4% CHAPS, and 65 mM DTT) for protein extraction.
Table 1Detailed information of all specimen in this study


	 	Frontal cortex 1
	Frontal cortex 2
	Frontal cortex 3
	Frontal cortex 4
	Temporal cortex 1
	Temporal cortex 2
	Temporal cortex 3
	Temporal cortex 4

	Age
	51
	45
	42
	57
	41
	58
	43
	44

	Gender
	Male
	Male
	Male
	Male
	Male
	Male
	Male
	Male

	Brodmann area
	38
	38
	38
	38
	10
	10
	10
	10

	Diagnosis
	Cerebral contusions and lacerations
	Cerebral contusions and lacerations
	Cerebral edema
	Cerebral contusions and lacerations
	Cerebral contusions and lacerations
	Cerebral contusions and lacerations
	Cerebral hemorrhage
	Cerebral contusions and lacerations

	Operation
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance
	Intracerebral hematoma clearance




Protein reduction, alkylation, tryptic digestion, and iTRAQ labeling
The brain tissue proteins were digested using the filter-aided sample preparation (FASP) method [10] as described before. Briefly, proteins (200μg) were reduced in 20 mM DTT at 56 °C for 1 h and alkylated in 50 mM IAA in the dark for 45 min. Proteins were subsequently washed twice with 8 M urea and 50 mM ammonium bicarbonate. Finally, trypsin (enzyme: protein, 1:50, w/w) was added to each sample at 37 °C overnight. The digested peptides were then desalted using the Waters Oasis HLB column. The digested peptides (100μg) from 4 frontal cortex were labeled with iTRAQ reagent of 113, 114, 115, and 116 and the digested peptides (100μg) from 4 temporal cortex were labeled with iTRAQ reagent of 117, 118, 119, and 121 as 4 biological replicates, respectively, according to the manufacturer’s protocol. Moreover, 3 technical replicates were set up. Lastly, the labeled peptides were combined as one sample with 3 technical replicates. The combined samples were then dried by refrigerated centrifugal vacuum concentrator, desalted by HLB column, dried, and stored at −80 °C until fractionation by high pH RPLC.
Fractionation of labeled peptides by RPLC
In order to decrease the complexity of labeled peptides mixtures and increase the identified depth of proteome, the labeled peptide mixtures were fractionated by a high-pH RPLC. Firstly, the labeled peptides mixtures (400μg) from frontal and temporal cortex were re-dissolved in 100μL 0.1% ammonium hydroxide solution (pH 10), then injected into an X-bridge Peptide BEH C18 column (4.6 mm×250 mm, C18, 3μm, 100 Å, Waters, MA, USA), fractionated with mobile phase A1 (0.1% NH3·H2O, pH=10) and mobile phase B1 (90%ACN/10%H2O/0.1%NH3·H2O, pH=10) at a 60-min gradient at flow rate of 1 mL/min. The eluted gradient was 5–30% buffer B1 for 60 min. The eluted peptides fractions were collected every minute and then concatenated into 20 fractions by combining fractions 1, 21, 41; 2, 22, 42, and so on. The 20 combined fractions were then dried by a refrigerated centrifugal vacuum concentrator and stored at −80 °C until analysis by LC-MS/MS.
LC-MS/MS analysis
LC-MS/MS analysis of peptides in 20 fractions fractionated by high-pH RPLC from frontal and temporal cortex with 3 replicates was performed on an ACQUITY UPLC system coupled with Triple-TOF 5600 mass spectrometer (Framingham, MA, USA). Lyophilized peptides were re-dissolved in 0.1% FA and injected into a self-packed capillary LC column with reversed-phase C18 (75 μm×100 mm, 3μm) eluted with mobile phase A2 (0.1% formic acid) and mobile phase B2 (99.9% CAN/0.1% formic acid) at a 40-min gradient. The eluted gradient was 5–30% buffer B2 and at a flow rate of 300nL/min.
A Triple-TOF 5600 mass spectrometer was used to analyze the eluted peptides, and each fraction was run in triplicate. The mass spectrometer was operated in DDA mode. The MS data were acquired under high-sensitivity mode using the following parameters: full scan MS spectra (mass range from m/z 300 to 1800) were acquired in the TOF analyzer with a resolution of 40,000 at m/z 200: the top 30 precursor ions were selected from each MS full scan with an isolation width of m/z 2; they were fragmented in the CID collisional cell with rolling collision energy; Subsequently, MS/MS spectra were acquired in the TOF analyzer with a resolution of 20,000 at m/z 200; ions selected for MS/MS were dynamically excluded for a duration of 15s; the charge-state screening of precursor ions were set as 2–4 and a scan time of 100ms.
Database retrieval of MS1 and MS2 spectra by Mascot for protein identification and quantification
All LC-MS/MS spectra were searched against the Swissprot database (taxonomy: homo sapiens, 20227 entries) by Mascot software (version 2.3.02, Matrix Science Ltd., London, UK). The search parameters were set as follows: the mass tolerance of parent and fragment ion was set to 0.05 Da; carbamidomethylating was set as the fixed modification; two missed cleavages were allowed. The search results were then filtered using Scaffold Q+ (version: 4.3.2) software. The false discovery rate (FDR) of retrieved peptide and protein were both set to equal or less than 1%, and each protein identification had to contain at least two unique peptides. Proteins that contained similar peptides and could not be differentiated based on MS/MS analysis alone were grouped to satisfy the principles of parsimony. The coefficients of variation (CV) of technical replicates and inter-individual were calculated as reported in previous studies [11].
Statistical analysis
The Student test was used to screen differentially expressed proteins (DEP, p<0.05) between the frontal and temporal cortex. On the basis of p-value, fold change of equal or more than 1.3 means upregulated, and fold change of equal or less than 0.77 means downregulated.
Bioinformatics analysis
All identified proteins were annotated by Gene Ontology (GO) analysis [12] with the Panther database (http://​www.​pantherdb.​org/​). Functional enrichment analysis of unchanged proteins and DEPs was carried out using the metascape website (https://​metascape.​org/​gp/​index.​html#/​main/​step1) [13]. KEGG pathway analysis of unchanged proteins and DEPs was carried out using the DAVID website (https://​david.​ncifcrf.​gov/​) [14]. Ingenuity Pathway Analysis (IPA) software was used to find the related top canonical pathway and network.
Results
In this study, brain tissue proteins from four frontal and four temporal cortex were collected. The detailed clinical information for 8 patients involved in this study is listed in Table 1. The proteomic profiling was performed based on brain tissue (Brodmann’s area 38 or 10). All patients were diagnosed with cerebral contusions and hemorrhage and underwent an operation of intracerebral hematoma clearance for treatment.
Proteomics profile of frontal and temporal cortex
In the experiment, a total number of 2127 protein groups were identified in either frontal or temporal cortex tissues (Fig. 2a). The protein group information is listed in Supplemental Table 1A. Of which, 1838 proteins could be quantitated in all four frontal cortex samples with three technical replicates and were used for technical variation analysis. The detailed protein information is listed in Supplemental Table 1B. The median of technical CVs was 6.95%, and 95% of the identifications (1746) showed a technical CV lower than 22.4% (Fig. 2b). In the temporal cortex proteome, a total of 2124 proteins were identified. Of which, 1839 proteins could be quantified (Fig. 2a). The information is shown in Supplemental Table 1C. The median technical CVs were 9.36%, and 95% of the identifications (1747) showed a technical CV lower than 28.8%, which was slightly higher than the CV in the frontal cortex proteome (Fig. 2c). In the following data analysis, the proteins with the highest 5% technical CVs were excluded to minimize the interference of technical variations. Finally, a total number of 1746/1747 proteins in frontal/temporal were used for an inter-individual analysis.
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Fig. 2Proteome identified from frontal and temporal cortex and coefficient of variation of quantitative data. a Venn diagram of identified and quantified proteins, identified total proteins (pink ellipse, 2727), identified and quantified proteins from frontal cortex (blue ellipse, 1838), identified and quantified proteins from temporal cortex (purple ellipse, 1839), and quantifiable proteins both in frontal and temporal cortex (green ellipse, 1709). b, c Technical coefficient of variation of proteins identified from frontal and temporal cortex. d, e Inter-individual coefficient of variation of proteins identified from frontal and temporal cortex. f The distribution of quantified ratio between frontal and temporal cortex


Inter-individual variations in the frontal and temporal cortex proteome
In the frontal/temporal lobe proteome, the median inter-individual CVs from the analysis of 1746/1747 proteins were 11.3%/11.8%. The inter-individual CVs of 95% identifications in the frontal/temporal cortex samples were lower than 29.9/32.5 (Fig. 2d, e). The inter-individual CVs of the two brain tissue proteomes were similar to each other. Moreover, 1709 proteins were both identified and quantitated in the frontal and temporal lobe tissues (Fig. 2a). The detailed information is shown in Supplement Table 2A. The median inter-individual CVs were 11.3 and 11.8 respectively; the CVs of the two tissues were similar (Supplemental Figure 1A). Then the inter-individual CVs of 1709 frontal and temporal lobe proteins were plotted against each other. As shown in Supplemental Figure 1B, approximately most of the proteins had similar inter-individual variations between the two brain tissues. These results demonstrated that frontal and temporal lobe proteomes are both stable to some extent.
Comparison of technical and individual variations
To view the correlation of technical and individual variations in the brain tissues, the CVs were plotted against each other. As shown in Supplemental Figure 2 A and B, proteins that demonstrated similar technical and inter-individual CVs were grouped close to the 45° line. In both frontal and temporal lobe tissues, most proteins exhibited larger inter-individual CV than a technical CV. Besides, compared with the median technical CVs 6.95%/9.36% observed between the different sequential runs, the median inter-individual CVs 11.3%/11.8% was larger. Those results indicated that the technical variation contributed less contribution to the total variation than the individual variation.
Analysis of differentially expressed proteins
Differentially expressed proteins (DEPs) between the frontal cortex and temporal cortex were first assessed by Student’s test (p<0.05), and 90 DEPs are showed in Supplementary Table 2D. Correlation coefficient plot, heatmap, and principal component analysis (Fig. 3a–c) were used to investigate the dynamics and reproducibility of DEPs between frontal and temporal cortex. The frontal and temporal cortex can be differentiated into different clusters using PCA. Based on the p-value and 1.3-fold change, compared to proteins expressed in the frontal cortex, 14 proteins were screened highly expressed in the temporal cortex, including MAPT, SNCG, ATP5IF1, GAP43, HSPE1, STMN1, NDUFS6, LDHB, SNCB, NDUFA7, MRPS36, NDUFA, EPDR1, CISD1, and RALA. In addition, compared to proteins expressed in the frontal cortex, 14 proteins including EDC4, NIT2, VWF, ASTN1, TGM2, SSB, CLU, HBA1, STOM, CRP, LRG1, SAA2, S100A4, and VTN were a low expression in the temporal cortex (Fig. 3d). The expression pattern of these upregulated proteins in the temporal cortex are shown in Fig. 4A1–A14. The expression pattern of those downregulated proteins in the temporal cortex is shown in Fig. 4B1–B14.
[image: ../images/41016_2021_241_Fig3_HTML.png]
Fig. 3Differentially expressed proteins analysis of frontal and temporal cortex. a Correlation coefficient plot of differentially expressed proteins between frontal and temporal cortex. b Heatmap analysis of differentially expressed proteins. c, d Principal component analysis (PCA) and volcano plot analysis of differentially expressed proteins

[image: ../images/41016_2021_241_Fig4_HTML.png]
Fig. 4The expression of upregulated and downregulated proteins between frontal and temporal cortex. A1–A14 The expression of upregulated proteins. B1–B14 The expression of downregulated proteins


Bioinformatics and functional enrichment analysis
Functional annotation of frontal and temporal cortex proteins by Ingenuity Pathway Analysis (IPA)
To further investigate the biological pathways, functions, and networks in the frontal and temporal tissues, we analyzed the identified proteins with the IPA software. The top ten significant IPA canonical pathways are listed in Fig. 5a. Among them, mitochondrial dysfunction was the most enriched pathway. Mitochondria are the primary consumers of oxygen in cells, responsible for ATP production and oxidative phosphorylation. Mitochondrial dysfunction may bring neurons a high risk of damage or death. In this experiment, numbers of identified proteins were categorized in mitochondrial dysfunction, which adds the evidence that brain function is importantly based on the normal function of mitochondria. Changes in brain proteins possibly lead to mitochondria dysfunction. The other pathways included oxidative phosphorylation, clathrin-mediated endocytosis signaling, and EIF2 signaling. Besides, when the physiological system development and function of these proteins were analyzed, the top function was predicated as nervous system development and function, and 532 of 1709 identified proteins were involved in this function. Moreover, when the disease and function annotations for the identified proteins were performed, the top results in a neurological disease (Fig. 5b), and 370 proteins were connected to this annotation. These results together show that proteins related to neurological function were enriched in brain tissue.
[image: ../images/41016_2021_241_Fig5_HTML.png]
Fig. 5Pathway enriched with all quantified proteins in both frontal and temporal lobes. A total of 1709 proteins were quantified in the two brain regions. These proteins were mapped into canonical pathways using IPA. 95% confidence is indicated with the yellow threshold (a). Enriched disease and function by IPA annotation. A total of 1709 proteins which were both quantified in the two brain regions were mapped to IPA disease and function (b)


The frontal cortex, along with the other associational cortical areas, is involved in cognitive control processes. The temporal lobe is essential for visual memories and language comprehension. Not only do the protein constituents of the frontal and temporal cortex provide useful information regarding the physiology and pathology of the central nervous system, but they also offer valuable clues for neurological diseases. Many molecules were involved in the neurological diseases by IPA functional analysis (Supplemental Table 3). These diseases include Alzheimer’s disease, Huntington’s disease, and glioblastoma. According to IPA analysis, the top related disease was movement disorder, which had forty-seven categorized proteins. Most of these proteins are related to the inflammatory response, including CP, APOE5, and HP. For acute movement disorders in children, autoimmune and inflammatory disorders are the most common causes [15].
Quantified proteins were separated into two parts based on p-value including 90 DEPs (p<0.05) and 1619 unchanged proteins (p≥0.05) between the frontal and temporal cortex. In order to further understand the functional differences between the two parts, functional enrichment analysis and KEGG signaling pathway analysis were carried out, respectively. As a result, the main biological processes enrichment of unchanged proteins are regulated exocytosis, axon guidance, vesicle-mediated transport, generation of precursor metabolites and energy, regulation of vesicle-mediated transport, cofactor metabolic process, trans-synapses, etc. (Fig. 6a, Supplemental Table 4A). The main biological processes enrichment of DEPs are regulated exocytosis, propanoate metabolism, autophagy, positive regulation of viral genome replication, protein folding, etc. (Fig. 6b, Supplemental Table 4B).
[image: ../images/41016_2021_241_Fig6_HTML.png]
Fig. 6Functional enrichment analysis. a Biological process enrichment analysis of proteins without change between frontal and temporal cortex. b Biological process enrichment analysis of differentially expressed proteins between frontal and temporal cortex. c KEGG pathway analysis of proteins without change between frontal and temporal cortex. d KEGG pathway analysis of differentially expressed proteins in frontal and temporal cortex


Pathway analysis of unchanged proteins and DEPs
To gain a deeper understanding of the pathway of unchanged proteins and DEPs between the frontal cortex and temporal cortex, we performed a KEGG pathway analysis.
The main KEGG signaling pathway of unchanged proteins are oxidative phosphorylation, Huntington’s disease, carbon metabolism, Parkinson’s disease, biosynthesis of antibiotics, Alzheimer’s disease, citrate cycle (TCA cycle), metabolic pathways, ribosome, endocytosis, non-alcoholic fatty liver disease (NAFLD), synaptic vesicle cycle, glutamatergic synapse, GABAergic synapse, dopaminergic synapse, etc. (Fig. 6c, Supplemental Table 4C). The main KEGG signaling pathways of DEPs are propanoate metabolism and oxidative phosphorylation (Fig. 6d, Supplemental Table 4D).
Functional analysis of part of upregulated and downregulated proteins in temporal cortex
Statistical analysis showed that compared to protein expression in the frontal cortex, a total number of 28 proteins were significantly upregulated or downregulated in the temporal cortex.
Microtubule-associated protein tau (MAPT, TAU) is one of the major microtubule-associated proteins in the vertebrate nervous system which promotes microtubule assembly and stability and might be involved in the establishment and maintenance of neuronal polarity [16]. Tau is specifically abundant in neurons of the central nervous system [17]. Tau is also closely associated with Alzheimer’s disease occurrence and progression [18]. Tau usually with multiple post-translational modifications (PTM) including phosphorylation, acetylation, disulfide bond, N-linked or O-linked glycosylation, isopeptide bond, methylation, and ubiquitination conjugation, and these PTMs as well as tau aggregation are closely related to its function and Alzheimer’s disease (AD). Tau protein is a component of the paired helical filaments associated with AD. Tau is also the main constituent of the intraneuronal neurofibrillary tangles (NFTs), which is one of the two main hallmarks of the disease in searching for disease-modifying therapies for AD [19]. Most importantly, tau protein is one of the targets and tau-targeting therapies for AD including educing tau expression, tau protein modifications inhibitors, tau aggregation inhibitors, and tau immunotherapies. Currently, the majority of tau-targeting therapies in clinical trials are immunotherapies, which have shown promise in numerous preclinical studies. Other approaches have been discontinued because of toxicity and/or lack of efficacy. Tau mRNA expression at the gene level had no obvious regional variability in a previous study [20]; however, in this study, a higher abundance of MAPT was found in the temporal cortex. As a result, the regional distribution of MAPT protein in the brain may be very important, especially for Alzheimer’s disease studies. From the results of this study, compared to the frontal cortex, tau protein is higher expressed in the temporal cortex.
Gamma-synuclein (SNCG) is a phosphoprotein highly expressed in the brain, particularly in the substantia nigra. SNCG plays a role in neurofilament network integrity. May be involved in modulating axonal architecture during development and in the adult.
Neuromodulin (GAP43) is an important component of the presynaptic terminal and axon. Alterations in cerebrospinal fluid levels of GAP43 may aid in the clinical diagnosis of frontotemporal dementia [21].
Stathmin-1 (STMN1) performs an important function in the regulation of microtubule dynamics and neurite elongation. For patients with intractable temporal lobe epilepsy, the expression of STMN1 was significantly decreased in the neuronal membrane and cytoplasm than in healthy controls [22].
The S100 proteins family are associated with anti-inflammatory processes and are always related to brain injury [23]. The protein S100A4 belongs to S100 proteins family was upregulated during brain injury and considered a therapeutic target in neuronal survival and neuroprotection via JAK/STAT and the IL-10 receptor [24]. Overexpression of S100A4 modulates varieties of antioxidant enzymes and neuroprotective genes. In this study, the S100A4 protein had significantly higher expression in the frontal lobe. In a previous study, the expression of S100A4 was also weak in the hippocampus and the temporal cortex in the human fetal brain [25].
Clusterin (CLU) functions as an extracellular chaperone that prevents aggregation of non-native proteins, prevents stress-induced aggregation of blood plasma protein s[26], and inhibits the formation of amyloid fibrils by APP, APOC2, B2M, CALCA, CSN3, SNCA, and aggregation-prone LYZ variants in vitro [27, 28]. CLU is an important element in the control of extracellular protein misfolding including Alzheimer’s beta-peptide.
C-reactive protein (CRP) displays several functions associated with host defense: it promotes agglutination, bacterial capsular swelling, phagocytosis, and complement fixation through its calcium-dependent binding to phosphorylcholine. The concentration of CRP in plasma increases greatly during the acute phase response to tissue injury, infection, or other inflammatory stimuli.
Astrotactin-1 (ASTN1) is located on the neuronal cell surface that mediates neuron migration [29]. These may help to understand the difference of the function in the two brain regions.
Discussion
Correlation of individual protein variations
In this study, the technical and inter-individual variations in frontal and temporal cortex proteomes were analyzed with iTRAQ based 2D-LC-MS/MS. The majority of the proteins expressed stabley among different individuals. In the frontal cortex, 84.8% (1481/1746) of the proteins show the inter-individual variation of less than 20%, 15.2% of the proteins with higher variation (>20%). In the temporal cortex proteomes, 82.6% (1441/1745) of the proteins exhibited the inter-individual variation of less than 20%, 17.4% (304/1745) of the proteins had higher variation (>20%).
Biomarker application of frontal and temporal cortex proteins
Tau protein is high abundance in the temporal cortex and very target for the treatment of AD. CRP is high in abundance in the frontal cortex and the signal of acute phase inflammation implied the donors may be in a highly inflammatory state before conducting the operation of intracerebral hematoma clearance. Several proteins are related to the inflammatory response, including CRP, APOE5, and HP. For acute movement disorders in children, autoimmune and inflammatory disorders are the most common causes.
The biological process enrichment showed that unchanged proteins between the frontal and temporal cortex mainly take part in regulated exocytosis, axon guidance, and vesicle-mediated transport. The KEGG pathway analysis showed that unchanged proteins between the frontal and temporal cortex mainly take part in oxidative phosphorylation, carbon metabolism, Huntington’s disease, and Parkinson’s disease. The biological process enrichment showed that DEPs between frontal and temporal cortex mainly take part in regulated exocytosis, positive regulation of cell death, and autophagy. The KEGG pathway analysis showed that DEPs between frontal and temporal cortex mainly take part in propanoate metabolism, oxidative phosphorylation, and valine, leucine, and isoleucine degradation with few proteins.
Neurofibrillary tangle is one of AD’s main pathological changes. Interestingly, Tau and CLU are in relation to neurofibrillary tangle, Tau is upregulated in the temporal cortex, and CLU is downregulated in the temporal cortex. CLU functions as an extracellular chaperone that prevents aggregation of nonnative proteins. The results of a small number of samples in this study show that Tau and CLU are differentially expressed in different brain regions of the frontal and temporal lobes. It indicates that neurodegenerative diseases (such as AD, which may be related to these proteins) may be related to the unregulated protein expression between different brain regions.
An unavoidable limitation of our study is the lackness of normal controls with health normal population though we selected samples more than 5mm away from the bleeding and contusion lesions. It is expected that further researches will focus on the comparative study of the uninvolved tissue in patients with cerebral contusion with other brain diseases or the brain of normal healthy controls.
Conclusion
In this study, a comparative analysis of frontal and temporal cortex protein constituents was conducted by iTRAQ-labeling 2D-LC-MS/MS. A total number of 1709 proteins were identified with at least two unique peptides. Ninety DEPs were screened out. The majority of proteins are unchanged between the frontal and temporal cortex, and unchanged proteins are closely related to its function. Among DEPs, MATP (tau) is upregulated in the temporal cortex, closely related to AD, and is one of the targets for the treatment of AD. CLU is downregulated in the temporal cortex which functions as an extracellular chaperone that prevents aggregation of nonnative proteins. This study showed that the expression characteristics of Tau and CLU proteins in the temporal lobe were different compared with those in the frontal lobe. It was suggested that the temporal lobe may not be the “functional dumb area” of the traditional view, but could be involved in important neural metabolic circuits.
Acknowledgements
The authors thank all the patients who trusted them and all the physicians and staff who helped them in this study. The following individuals helped a lot with data collection and sample storage: Dr. Yunwei Ou, Dr. Runfa Tian, and Dr. Peng Kang.

Authors’ contributions
Long Xu: designing the study, analyzing and interpreting the data, and writing the manuscript. Haidan Sun: specimen processing, proteomics testing, and validation. Yang Zhang: collecting clinical data and organizing the procedures. Zhengguang Guo: proteomic mass spectrometry. Xiaoping Xiao: conceiving and designing the study and interpreting the data. Xin Zhou: organizing the staff and obtaining fund. Kun Hu: organizing the staff and obtaining fund. Wei Sun: providing critical revisions and designing the study. Bo Wang: quality control, data checking, and obtaining fund. Weiming Liu: designing and organizing the study. The authors read and approved the final manuscript.

Funding
Ministry of Science and Technology of China grant (2012CB825505)

Availability of data and materials
The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. This article does not contain any studies with animals performed by any of the authors. This study was approved by the IRB of Beijing Tiantan Hospital, and the approval No. is KY2014-021-02. Informed consent was obtained from all individual participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Shevchenko G, Konzer A, Musunuri S, Bergquist J. Neuroproteomics tools in clinical practice. Biochimica et biophysica acta. 2015;1854(7):705–17. https://​doi.​org/​10.​1016/​j.​bbapap.​2015.​01.​016.CrossrefPubMed

	2.
Andrade EC, Krueger DD, Nairn AC. Recent advances in neuroproteomics. Curr Opin Mol Ther. 2007;9(3):270–81.PubMedPubMedCentral

	3.
Zhang Y, Guo Z, Zou L, Yang Y, Zhang L, Ji N, et al. A comprehensive map and functional annotation of the normal human cerebrospinal fluid proteome. J Proteomics. 2015;119:90–9. https://​doi.​org/​10.​1016/​j.​jprot.​2015.​01.​017.CrossrefPubMed

	4.
Bayés A, Grant SG. Neuroproteomics: understanding the molecular organization and complexity of the brain. Nat Rev Neurosci. 2009;10(9):635–46. https://​doi.​org/​10.​1038/​nrn2701.CrossrefPubMed

	5.
Smith EE, Jonides J. Storage and executive processes in the frontal lobes. Science. 1999;283:1657–61.PubMed

	6.
Smith EE, Kosslyn SM. Cognitive Psychology: Pearson New International Edition: Mind and Brain, Pearson Higher Ed; 2013.

	7.
Kolb IWB. Fundamentals of human neuropsychology. New York: WH Freeman and Co; 1990.

	8.
Johnston-Wilson NL, Sims CD, Hofmann JP, Anderson L, Shore AD, Torrey EF, et al. Disease-specific alterations in frontal cortex brain proteins in schizophrenia, bipolar disorder, and major depressive disorder. The Stanley Neuropathology Consortium. Mol Psychiatry. 2000;5(2):142–9. https://​doi.​org/​10.​1038/​sj.​mp.​4000696.CrossrefPubMed

	9.
Martins-de-Souza D, Gattaz WF, Schmitt A, Rewerts C, Marangoni S, Novello JC, et al. Alterations in oligodendrocyte proteins, calcium homeostasis and new potential markers in schizophrenia anterior temporal lobe are revealed by shotgun proteome analysis. J Neural Transmission. 2009;116(3):275–89. https://​doi.​org/​10.​1007/​s00702-008-0156-y.Crossref

	10.
Wisniewski JR, Zougman A, Nagaraj N, Mann M. Universal sample preparation method for proteome analysis. Nat Methods. 2009;6(5):359–62. https://​doi.​org/​10.​1038/​nmeth.​1322.Crossref

	11.
Guo Z, Zhang Y, Zou L, Wang D, Shao C, Wang Y, et al. A proteomic analysis of individual and gender variations in normal human urine and cerebrospinal fluid using iTRAQ quantification. PloS one. 2015;10(7):e0133270. https://​doi.​org/​10.​1371/​journal.​pone.​0133270.CrossrefPubMedPubMedCentral

	12.
Mi H, Poudel S, Muruganujan A, Casagrande JT, Thomas PD. PANTHER version 10: expanded protein families and functions, and analysis tools. Nucleic Acids Res. 2016;44(D1):D336–42. https://​doi.​org/​10.​1093/​nar/​gkv1194.CrossrefPubMed

	13.
Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, et al. Metascape provides a biologist-oriented resource for the analysis of systems-level datasets. Nat Commun. 2019;10(1):1523. https://​doi.​org/​10.​1038/​s41467-019-09234-6.CrossrefPubMedPubMedCentral

	14.
Huang d W, Sherman BT, Lempicki RA. Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources. Nat Protocols. 2009;4:44–57.

	15.
Hacohen Y, Dlamini N, Hedderly T, Hughes E, Woods M, Vincent A, et al. N-methyl-D-aspartate receptor antibody-associated movement disorder without encephalopathy. Dev Med Child Neurol. 2014;56(2):190–3. https://​doi.​org/​10.​1111/​dmcn.​12321.CrossrefPubMed

	16.
Goedert M, Crowther RA, Garner CC. Molecular characterization of microtubule-associated proteins tau and MAP2. Trends Neurosci. 1991;14(5):193–9. https://​doi.​org/​10.​1016/​0166-2236(91)90105-4.CrossrefPubMed

	17.
Shin RW, Iwaki T, Kitamoto T, Tateishi J. Hydrated autoclave pretreatment enhances tau immunoreactivity in formalin-fixed normal and Alzheimer’s disease brain tissues. Lab Invest. 1991;64:693–702.PubMed

	18.
Allen M, Kachadoorian M, Quicksall Z, Zou F, Chai HS, Younkin C, et al. Association of MAPT haplotypes with Alzheimer’s disease risk and MAPT brain gene expression levels. Alzheimer's Res Ther. 2014;6:39.

	19.
Congdon EE, Sigurdsson EM. Tau-targeting therapies for Alzheimer disease. Nat Rev Neurol. 2018;14(7):399–415. https://​doi.​org/​10.​1038/​s41582-018-0013-z.CrossrefPubMedPubMedCentral

	20.
Trabzuni D, Wray S, Vandrovcova J, Ramasamy A, Walker R, Smith C, et al. MAPT expression and splicing is differentially regulated by brain region: relation to genotype and implication for tauopathies. Hum Mol Genetics. 2012;21(18):4094–103. https://​doi.​org/​10.​1093/​hmg/​dds238.Crossref

	21.
Sjogren M, Minthon L, Davidsson P, Granerus AK, Clarberg A, Vanderstichele H, et al. CSF levels of tau, beta-amyloid(1-42) and GAP-43 in frontotemporal dementia, other types of dementia and normal aging. J Neural Transm (Vienna). 2000;107:563–79.

	22.
Zhao F, Hu Y, Zhang Y, Zhu Q, Zhang X, Luo J, et al. Abnormal expression of stathmin 1 in brain tissue of patients with intractable temporal lobe epilepsy and a rat model. Synapse. 2012;66:781–91.PubMed

	23.
Sroussi HY, Berline J, Dazin P, Green P, Palefsky JM. S100A8 triggers oxidation-sensitive repulsion of neutrophils. J Dent Res. 2006;85(9):829–33. https://​doi.​org/​10.​1177/​1544059106085009​10.CrossrefPubMedPubMedCentral

	24.
Dmytriyeva O, Pankratova S, Owczarek S, Sonn K, Soroka V, Ridley CM, et al. The metastasis-promoting S100A4 protein confers neuroprotection in brain injury. Nat Commun. 2012;3(1):1197. https://​doi.​org/​10.​1038/​ncomms2202.CrossrefPubMed

	25.
Chan WY, Xia CL, Dong DC, Heizmann CW, Yew DT. Differential expression of S100 proteins in the developing human hippocampus and temporal cortex. Microscopy Res Technique. 2003;60(6):600–13. https://​doi.​org/​10.​1002/​jemt.​10302.Crossref

	26.
Poon S, Easterbrook-Smith SB, Rybchyn MS, Carver JA, Wilson MR. Clusterin is an ATP-independent chaperone with very broad substrate specificity that stabilizes stressed proteins in a folding-competent state. Biochemistry. 2000;39(51):15953–60. https://​doi.​org/​10.​1021/​bi002189x.CrossrefPubMed

	27.
Hatters DM, Wilson MR, Easterbrook-Smith SB, Howlett GJ. Suppression of apolipoprotein C-II amyloid formation by the extracellular chaperone, clusterin. Eur J Biochem. 2002;269(11):2789–94. https://​doi.​org/​10.​1046/​j.​1432-1033.​2002.​02957.​x.CrossrefPubMed

	28.
Yerbury JJ, Poon S, Meehan S, Thompson B, Kumita JR, Dobson CM, et al. The extracellular chaperone clusterin influences amyloid formation and toxicity by interacting with prefibrillar structures. FASEB J. 2007;21(10):2312–22. https://​doi.​org/​10.​1096/​fj.​06-7986com.CrossrefPubMed

	29.
Fink JM, Hirsch BA, Zheng C, Dietz G, Hatten ME, Ross ME. Astrotactin (ASTN), a gene for glial-guided neuronal migration, maps to human chromosome 1q25.2. Genomics. 1997;40:202–5.PubMed





OEBPS/images/41016_2021_241_Fig2_HTML.png
50% 95%
150 4
= 100 .
x
3 .
50— ]
J
e
0 T | T 1
0 500 1000 1500 2000
(o No. of proteins
200 — 50% 95%
150 — .
R :
5 100 —
.
i
50 — /
/
0 | | | |
0 500 1000 1500 2000

No. of proteins

1) 95%
200— 50% 0
150 —
S
100 .
[
50— J
B
0 | | T |
0 500 1000 1500 2000
No. of proteins
100 — 50% 95%
80— :
= 60—
>
[§)
40—
207 /
0 T T T |
0 500 1000 1500 2000
No. of proteins
>
%)
=
[
3
o
o
w






OEBPS/images/41016_2021_241_Fig5_HTML.png
a = Overlaps with dataset "' No overlap with dataset -= -log(p-value) b
Percentage
0 10 20 30 40 50 60 70 80 90 100 110

Mitochondrial Dysfunction 17 Threshold -log(p-value)
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Oxidative Phosphorylation ) )
Neurological Disease

Clathrin-mediated Endocytosis Signaling Skeletal and Muscular Disorders

EIF2 Signaling Organismal Injury and Abnormalities|

Signaling by Rho Family GTPases Psychological Disorders

Cellular Assembly and Organization

RhoGDI Signali s .
© ienaiing Cellular Function and Maintenance
RhoA Signaling Cell Death and Survival
Huntington's Disease Signaling Hereditary Disorder
Cell Morpholo,
Actin Cytoskeleton Signaling P 24
Molecular Transport

Phagosome Maturation

0 5 10 15 20 25 30 35 40
-log(p-value)





OEBPS/navigation.xhtml

    
      Contents


      
        		Proteomic analysis of human frontal and temporal cortex using iTRAQ-based 2D LC-MS/MS


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/41016_2021_241_Fig4_HTML.png
Al MAPT (Tau) SNCG ATP5IF1 GAP43 AS HSPE1
2000 1000— 4000 3000 2000
= W g . T
fool £ 42 ¢ ] il ] &
& & 400— 153 _ &
£ 500 £ 00 £1000 g £1000 2.0
0 T T 0 T T 0 T T 0 T 0 T T
F F T F T
ASSOO STMN{ AZOOO NDUFS6 ASZOOO LDHB A93000 SNCB A10 NDUFA?
7] 7] ] 1500
2000 _ |
20 % 1500 e 150 =5 2000 ==
== 31000 21000 51000 '_:E;
5 1000 5 5] £ 1000 § _i_
£ 500 < 500— £ 500 3 £ 500
0 T T 0 | 0 T I 0 T 0
F T T F F
Al MRPS36 A12 EPDR1 ks cisD1 At4 RALA F T
700 900 2400 2000
600 % 800 4} 2200 1800
2000 J—'F
2 2700
2500 % Zeno  1800—| % %1600
& 1600— £
E400 o] T 1a00-{ L 14007
300 T I 400 I T 1200 T T 1200 T
F T F T F T F
B1 EDC4 B2 NIT2 Ee VWF &4 ASTN1 B5 TGM2
400 55 18! 45 N 70
350 T 50 16 . J:'_I__. 60 $
L]
250 e oy 10 25 40 <
200 | : 250 . : 80 : : 200 : 300 T T
F T F T F T F
=8 SSB B7 cLu £e HBA1 B3 STOM Eilo
500 2000+ 5000+ 800 1501
4004 I 1500 ° } . 4000+ 600 % 100
2300 £ 23000 2 2z
m 1000 [ %400 = j-‘_L
2200 = é : + § 2000 = 2 200 é 50
~ 100 500+ 1000 -
0 T T 0 T T 0 T T 0
T F T F T F
B11 LRG1 B12 SAA2 B13 S100A4 B14 VTN
800— 1000 1500 200
° 800 ° °
2000 2 600 1000 ° 10
54007 % T 400 g % 2100
£ i<
£ 200 N 200 - B8 —i S0 ==
0 T T 0 T T 0 T T 0 T
E T F T F T E





OEBPS/images/41016_2021_241_Fig6_HTML.png
a

Biological process enrichment

b

Biological process enrichment

-Log10(p)

WHhOO~N©

Proteins
° 4
e 38
@ 12
@ 16

-Log10(p)

4
3
2

Proteins

Q0o -
oo bhw

Vesicle-mediated transport [] Vesicle-mediated transport )
Transport of small molecules{ @ Regulated exocytosis o
Transmission across Chemical Synapses ° Protein folding °
Trans-synaptic signaling (] Protein complex oligomerization )
Synapse organization{ @ -Log10(p) Propanoate metabolism °
. RHO GTPase Effectors { o 70  Positive regulation of viral genome replication .
Regulation of vesicle-mediated transport ® 60 Positive regulation of I-kB kinase/NF-kB{ e
Regulation of cell morphogenesis { ® 50 osifive regulation g{acgghjéaér%rgé%g I
Regulatgd te)focfytlz_s's o gg Positive regulation of cell death °
. . rotein foldingq o Muscle system process ®
Negative regulation of ceIIuIarocr:og;])gaﬂleonn P Glial cell differentiation °
. emostasis? L] ; Focal adhesion )
Proteins
Generation of precursor metapomgﬁearég ® 100 Dicarboxylic acid metabolic process °
Cofactor metabolic process ° ® 150 Cytoskeleton—-dependent cytokinesis| o
Cellular responses to external stimuli{ @ @ 200 Complement cascadeq o
Cellular amino acid metabolic process ° Cofactor metabolic process )
Cell part m:rPhOQ‘?SeS'S o Cellular protein complex disassembly °
Xon guidance; - i
Antigen processing and presentation of | | ® Cell-substrate adhesion ©
e_xofq nous peptide antigen Autophagy o
Actin flament-based process o Alzheimer's disease/ °
30 40 50 60 70 3 5 6
-Log10(p) -Log10(p)
c , d
KEGG pathway enrichment
Vasopressin-regulated water reabsorption. 0 i
Valine, leucine and isoleucine degradation . KEGG pathway enrichment
Synaptic vesicle cyclef ) -Log10(p) o
Shigeliosis{ o Vibrio cholerae infection{ e
Salmonella infection{ e 20 . .
Ribosome ° 15 Valine, leucine and Py
. .. Pyruvate metabolism: ° isoleucine degradation
Protein processing in endoplasmic reticulum{ o 10 Synaptic vesicle cycle] Y
Pent hosoh tPrz:.te?ﬁome °
entose phosphate pathway{ o 5 .
Pathogenic Escherich_l% coli infection{ e Propanoate metabolism [ ]
. Parkinson's diseasef °
_Oxidative phosphorylation: [ ] Oxidative phosphorylationy [ )
Non-alcoholic fatty IIV(R/rI dtlsgarse (NtﬁFLD)- o.
etabolic pathways- i 's di
.Huntington'g diseage- . Huntington's disease @
Glycolysis / GluconeogenesisH ° Proteins :
GIutaAnéaAterg!c synapse{ o Focal adhesion (
ergic synapse{ e - S
Fc gamma R-mediated p ago‘éytgsis- | e 50 Eplthellal cell sgqallng_ln °
. E"dO?HtCiSi ° @ 100 Helicobacter pylori infection
Endocrine and Og;h?crifan%t?éa equ |e§ ° 150 .
Do?am"fner absor 18& ° [ J Carbon metabolism{ ®
Citrate cycle (TCA cycle ° @200 .
Circadian entrainment{ e Butanoate metabolisnm °
. Carbon metabolism: ®
Biosynthesis of antibiotics4 [} Alzheimer's diseaseq [ ]
Biosynthesis of amino acids4 °
Bacterial invasion of epithelial cells °
Alzheimer's di [ ] 2 L ?’10( ) 4
-Lo
5 10 15 20 giHe

-Log10(p)





OEBPS/images/41016_2021_241_Fig1_HTML.png
Tryptic
/ \‘\}dlgestion

Frontal
cortex (4)

v

Proteins (4)

Temporal
cortex (4)

v

Proteins (4)

) N,

Peptides

113

Peptides
114 115

Peptides

Peptides
116 117

Peptides

Peptides
118 119

Peptides

Peptides
121

[ I
v
Pooled Labeled
peptides

Peptides
Fractions

LC-MS/MS
spectra

Quantified
proteins

v

Bioinformatics

analysis

| Fractionation by high pH RPLC
VLC-MS/MS analysis

lRetrieval by Mascot






OEBPS/images/41016_2021_241_Fig3_HTML.png
(8.3%)

PC2

[

Frontal cortex 2
Temporal cortex 2

2.57

Frontal cortex 4 Temporal cortex 3

o °
Frontal cortex
Temporal cortex

Temporal ex 4

x 3 Temporatcortex 1

5 0 5
PC1 (64%)

: b
k=
8
]
c
o
- 1
. 0.8
Q-
o
Q|
0
Q-
o
B | |06
-0.8
-1
d 30
Tg‘
Group 52'5
@ Frontal cortex o
-e Temporal cortex 2
2.0
T
15

3 @ 3 @ hy ] n
3 3 3 3 g S S
T 8 ‘8 % & & 8
5 8 3 8 g g g
g ¢ 8 & g g g
g 2 g 2 oS S
N w - £y
T T
| |
[ )
TGM2e | |
| ]
VW, |
ASTN1®
[ ® |RALA
SToY *  %EPDR1
®le " STMNT
S100A4 | o LDgB ,
" . o MAPT
LRG1 d.. © v gmisNo
[ ]
S ﬁ;\% B 2’ Jslsoféxggl 1
o 0.":_ SPEA
_____ DUFSB_—
-1.0 -05 0.0 05 1.0

log2(Fold change)

{ X8}100°|ejuol 4

Group

o up-regulated

e non-regulated
« down-regulated

Size

e 0.25
e 0.50
@ 0.75
@ 1.00





OEBPS/css/sidebar.gif





