
Temporal regulation of the synaptic mitochondrial proteome in 

murine cortical synapse during ageing. 

 

Methods 

Animals 
12 wild-type C57BL/6 mice of differing sexes and ages were utilized for the studies described. 

Animals were assigned to the young (mean age = 4 weeks), mid-age (mean age = 6 months) or 

old age (mean age = 24 months) group, with 4 animals per time point. Animals were killed by 

exposure to carbon dioxide gas and brains were immediately excised. Brain stem and 

cerebellum were removed and discarded and the remaining forebrains were frozen slowly in 

an insulated container at -80°C to preserve morphological integrity. Immediately before 

mitochondrial isolations, forebrains were rapidly thawed by immersion in a water bath at 37°C 

(for further information on slow-freeze/rapid thaw methodology please refer to Hardy et al, 

1983 (	Hardy JA, Dodd PR, Oakley AE, Perry RH, Edwardson JA, Kidd AM. Metabolically 

active synaptosomes can be prepared from frozen rat and human brain. J Neurochem. 

1983;40(3):608-14.). Samples were weighed and pooled by age group for homogenization and 

mitochondrial preparations.  

 

Mitochondrial isolations 
For a comprehensive methodological outline see Lai JC, Walsh JM, Dennis SC, Clark JB. 

Synaptic and non-synaptic mitochondria from rat brain: isolation and characterization. J 

Neurochem. 1977;28(3):625-31. This traditional approach was adopted due to the 

methodological technique resulting in samples with demonstrated organelle purity and 

conserved biochemical activity. All procedures were carried out at 4°C. Forebrains were 

homogenized by hand in isolation medium (0.32M sucrose, 1mM K-EDTA, 10mM, Tris HCl) 

to give a 1:10 homogenate. The homogenates were centrifuged at 1,300g for 3 minutes and the 

resulting pellets were manually resuspended in 15ml isolation medium before recentrifugation 

using the same parameters. Supernatants were pooled and centrifuged at 17,000g for 10 

minutes to give the crude mitochondrial pellets (CM). The CM pellets were resuspended in 

15ml isolation medium and 5ml of the suspensions were layered into 3 tubes containing 7ml 

of 7.5% Ficoll-sucrose medium (7% Ficoll, 0.32M sucrose, 50µM K-EDTA, 10mM Tris HCl) 



on top of 7ml of 10% Ficoll-sucrose medium (10% Ficoll, 0.32M sucrose, 50µM K-EDTA, 

10mM Tris HCl) and centrifuged at 99,000g for 30 minutes on a swing-out Beckman 

ultracentrifuge. This resulted in a myelin (My) fraction banded at the top, a synaptosomal (Syn) 

fraction at the second interphase and a ‘free’ (non-synaptic) mitochondrial pellet (M) at the 

bottom of each tube. The myelin fractions were aspirated and the synaptic fractions collected, 

without disturbing the pellets. These were then diluted in 3x isolation medium and centrifuged 

at 18,500g for 10 minutes. The non-synaptic mitochondrial pellets were frozen immediately on 

dry ice before storage at -80°C. The resulting synaptosomal pellets were lysed and resuspended 

in 30ml 6mM Tris-HCl (pH 8.1) and centrifuged at 11,800g for 10 minutes. The supernatants 

were removed and the pellets were again resuspended in 10ml of 6mM Tris-HCl (pH 8.1) and 

recentrifuged at 8,300g for 10 minutes. The supernatants were discarded and the pellets 

resuspended in 10ml of 3% Ficoll medium (3% Ficoll, 0.12M mannitol, 30mM sucrose, 25µM 

K-EDTA, 5mM Tris-HCl). One third of this suspension was layered into 3 tubes containing 

5ml 4.5% Ficoll medium (4.5% Ficoll, 0.24M mannitol, 60mM sucrose, 50µM K-EDTA, 

10mM Tris-HCl) on top of 10ml 6% Ficoll (6% Ficoll, 0.24M mannitol, 60mM sucrose, 50µM 

K-EDTA, 10mM Tris-HCl) and centrifuged at 11,300g for 30 minutes in a swing-out Beckman 

ultracentrifuge. After centrifugation, the top bands were removed and the intermediate bands 

decanted and diluted with equal volumes of isolation medium. This lysates were then 

centrifuged at 17,000g for 10 minutes providing synaptosomally derived mitochondria (SM 

population) and an SM2 fraction (pellet). The SM and SM2 fractions were pooled to give a 

greater yield for proteomic experiments and validation, frozen on dry ice and stored at -80°C. 

 

Label-free proteomics 
Synaptic and non-synaptic mitochondrial preparations were extracted in SDT lysis buffer 

containing 100 mM Tris-HCl (pH 7.6), 4% (W/V) Sodium dodecyl sulfate (VWR) and 0.1 M 

d/l-dithiothreitol (Sigma). For efficient protein extraction, lysates were freeze–thawed and 

homogenized in SDT buffer several times. Protein concentration was then determined using 

BCA assay. Aliquots (200 µg) of each preparation were processed through FASP (filter-aided 

sample preparation) involving buffer exchange to 8 M urea and alkylation with 50 mM 

iodoacetamide prior to a double digestion with trypsin (Roche, sequencing grade), initially for 

4 h, then overnight at 30 °C. Trypsin-digested peptides were separated using an Ultimate 3000 

RSLC (Thermo Scientific) nanoflow LC system with the column oven set to 35 °C. Technical 

replicates (3 × ∼1 µg) of each sample were loaded at a constant flow of 5 µL/min onto a trapping 



cartridge (PepMap100, C18, 5µm, 100Å 0.3 x  5 mm; (Thermo Scientific, San Jose, CA) using 

2% Acetonitrile, 0.1 % formic acid. After trap enrichment, peptides were separated on a peptide 

CSH, 1.7µm, 130Å, 75µm x 250mm C18 column (Waters Corp, Milford, MA) with the 

following gradient: t=0 min, 2 % B; t=6, 2 % B; t=20, 8 % B; t=110, 24 % B; t=135, 37 % B 

where solvent A is water with 0.1 % formic acid and solvent B is 80% acetonitrile with 0.1% 

formic acid, with a constant flow of 260 nL/min. The HPLC system was coupled to a linear 

ion trap Orbitrap hybrid mass spectrometer (LTQ-Orbitrap Velos Pro, Thermo Scientific) via 

a nanoelectrospray ion source (Thermo Scientific). The spray voltage was set to 2.2 kV, and 

the temperature of the heated capillary was set to 200 °C. Full-scan MS survey spectra (m/z 

335–1800) in profile mode were acquired in the Orbitrap with a resolution of 60 000 after 

accumulation of 1 000 000 ions. A lock mass of 445.120 024 was enabled for survey scans to 

improve mass accuracy. The 15 most intense peptide ions from the preview scan in the Orbitrap 

were fragmented by collision-induced dissociation (normalized collision energy, 35%; 

activation Q, 0.250; and activation time, 10 ms) in the LTQ after the accumulation of 10 000 

ions. Dynamic exclusion parameters were set as follows: repeat count, 1; repeat duration, 30 s; 

exclusion list size, 500; exclusion duration, 45 s; exclusion mass width, plus/minus 10 ppm 

(relative to reference mass). Maximal filling times were 10 ms for the full scans and 100 ms 

for the MS/MS scans. Precursor ion charge state screening was enabled, and all unassigned 

charge states as well as singly charged species were rejected. Data were acquired using 

Xcalibur software. 

 

Raw proteomic data were imported into Progenesis for characterization and analysis of relative 

ion abundance. 2D representations of MS/MS output were created for each sample and these 

were aligned to determine similar features (average alignment score >80%). Following 

alignment, data was filtered by retention time with features detected below 12.16 minutes and 

above 133.78 minutes discarded to correct for elution variability. The runs were grouped 

according to age and mitochondrial subcellular localization and Statistical P values were 

automatically generated in Progenesis software through a 1-way ANOVA on the ArcSinh 

transform of the normalized data. 

 

Peptides were filtered by the following criteria: power <0.8, fold change >1.2, p>0.05 and the 

remaining data were exported from Progenesis for identification of individual peptide 

sequences using the IPI-mus musculus database via Mascot Search Engine (V2.3.2). Enzyme 

specificity was set to that of trypsin, allowing for cleavage N-terminal to proline residues and 



between aspartic acid and proline residues. Other parameters used were as follows. (i) Variable 

modifications: methionine oxidation, methionine dioxidation, protein N-acetylation, gln → 

pyro-glu. (ii) Fixed modifications: cysteine carbamidomethylation. (iii) MS/MS tolerance: 

FTMS- 10 ppm, ITMS- 0.6 Da. (iv) Minimum peptide length: 6. (v) Maximum missed 

cleavages: 2. (vi) False discovery rate: 1%. A cutoff score of >34 was used based on Mascot 

probability threshold of 0.05 that the observed hit is a random event. As an indication of 

identification certainty, the false discovery rate for peptide matches above identity threshold 

was set at 1%.  

 

Identified proteins were re-imported into Progenesis for further processing. Proteins were 

subject to stringent filtering parameters to eliminate those which had <2 unique peptides and 

p>0.05 to obtain the proteins which demonstrated statistically significant alterations in 

mitochondrial protein expression over the ageing time course. 

	
	
Supplementary files 
 
Files included are the raw synaptic mitochondrial and non-synaptic mitochondrial timecourse 

datasets obtained from Progenesis.  


