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Conclusion 
 The multiplexing capabilities of TMT allows the comparison of up to 10 biological 

samples in one LC-MSn experiment.   

 Quantitative changes to the mitochondria proteome in aging rats were made 

using TMT 10-plex and LC-MS3.  A subtle trend in increasing protein expression 

levels with increasing age was observed. Interestingly, this trend could be further 

dissected into different expression profiles.  

 A total of 35 TMT-labeled acetylated (K) peptides and 10 TMT-labeled 

phosphopeptides were identified and quantified without prior enrichment. 

Further experiments include the enrichment of these post-translational modified 

peptides prior to TMT-labeling and nanoLC-MS3 analysis for quantitative 

analysis. 
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Overview  
Purpose: Towards the understanding of biological aging by deep differential profiling 

of the liver mitochondrial proteome. 

Methods: Relative quantitation of proteins using TMT 10-plex and LC/MS3. 

Results: Quantitative changes of the liver mitochondrial proteome were observed in 

different age groups. 

Introduction 
To characterize changes in the mitochondrial proteome associated with the process of 

aging, liver mitochondria from different age groups of rats were studied. The liver 

proteomes from three age groups of rats – young (8 month old), middle (18 month 

old), and old (24 month old) – were labeled with Tandem Mass Tags (TMT)1, and 

analyzed using nanoLC-MSn workflows to maximize both qualitative and quantitative 

information on the mitochondrial proteome.   

Results  
Identification and Quantitation of TMT-labeled Peptides Using the MS3 Approach 

The TMT 10-plex reagents utilize the 6 mDa mass difference between 13C and 15N 

isotopes; therefore, to baseline resolve all ten, reporter ions >60,000 resolution (at 

m/z 200) were acquired (Figure 2). 
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Methods 
Sample Preparation 

Liver tissues were homogenized and mitochondria were isolated by differential 

centrifugation2.   Proteins were then reduced, alkylated, and precipitated with 

methanol/chloroform/water.  Mitochondria proteins were re-dissolved and digested with 

trypsin.  Samples were then labeled with Thermo Scientific™ TMT 10-plex™ reagents 

according to the manufacturer’s instructions. The experimental strategy consisted of 

three age groups, young, middle, and old animals with six biological replicates per age 

group.  The biological replicates were divided into two experiments, referred to as Exp 

A and Exp B.  Each experiment consisted of 9 samples labeled with TMT channel 126-

130 and a pooled age group sample labeled with TMT channel 131.  Aliquots from 

each sample were mixed in equimolar ratios. The experimental strategy is summarized 

in Figure 1. 

 

 

 

 

Identification and Quantification of the Mitochondrial Proteome 

TMT-labeled peptides from Exp A and B (Figure 1) were analyzed by nanoLC-MS3 

using a 360 min gradient. Each sample was analyzed in triplicate and 2 µg were 

loaded on column. Representative base peak chromatograms for Exp A and B are 

shown in Figure 5. 

Quantitative Changes to the Mitochondrial Proteome upon Aging 

To study changes to the mitochondrial proteome upon aging, rats from different age 

groups were compared using isobaric labeling and LC-MS3. TMT10-plex enables 

concurrent identification and quantification of proteins from up to 10 different samples 

in one LC-MS3 experiment.3  Three age groups consisting of young, middle, and old 

age were used, in which six biological replicates were used per age group. Biological 

replicates were divided into two experiments, referred to as Exp A and Exp B 

(Figure 1). Each group consisted of three rats per age group (nine samples in total) 

and labeled using TMT channels 126-130, while channel 131 was used to label a 

pooled age group sample. 

All samples were normalized to the corresponding pooled age group sample (TMT 

channel 131). Figure 8 summarizes the calculated normalized ratios for all biological 

samples for selected mitochondrial proteins. Although biological variations within the 

same age group were observed, there was a subtle trend of increasing protein 

abundance with increasing age. This trend can be clearly observed in Figure 9, which 

shows box plots summarizing the distribution of protein ratio for all mitochondrial 

proteins for different age groups. 

 

Profiling Quantitative Changes to the Mitochondrial Proteome upon Aging 

To determine protein abundance distribution profiles, the protein ratios from the three 

age groups were transformed to a Log2 scale and clustering was performed using 

GProX software5.  As shown in Figure 10, 41 proteins showed quantitative differences 

which could be further separated into 6 different profile clusters.   
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LC-MSn 

All samples were analyzed by nanoLC coupled to the Thermo Scientific™ Orbitrap 

Fusion™ Tribrid™ mass spectrometer. Peptides were separated using a Thermo 

Scientific™ Acclaim™ PepMap™ C18 column, 50 cm x 75 µm ID, 3 µm, employing a 

water/acetonitrile/0.1% formic acid gradient from 5-35% over 360 minutes. TMT-

labeled peptides were analyzed by data-dependent top speed using an MS3 

approach. During a maximum 3 s cycle time, the most abundant multiply charged 

parent ions were selected for CID MS2 in the ion trap followed by Synchronous 

Precursor Selection (SPS) of up to 10 parent ions from the MS2 for HCD MS3.  MS3 

spectra were acquired at 60,000 resolution (at m/z 200) in the Orbitrap MS.  All 

samples were analyzed in triplicate. 

Data Analysis 

For peptide and protein identification as well as TMT quantitation, data were 

processed using Thermo Scientific™ Proteome Discoverer™ software version 1.4.  

Spectra were searched against a UniProt rat database using the SEQUEST® HT 

search engine. Static modifications included carbamidomethylation (C) and 

TMTsixplex (N-terminal). Dynamic modifications included oxidation (M), TMTsixplex 

(K), acetylation (K), and phosphorylation (S,T,Y). Resulting peptide hits were filtered 

for maximum 1% FDR using the Percolator algorithm. The TMT 10-plex quantification 

method within Proteome Discoverer software was used to calculate the reporter 

ratios with mass tolerance ±10ppm without applying isotopic correction factors. Only 

peptide spectra containing all reporter ions were designated as “quantifiable spectra”.  

A protein ratio is expressed as a median value of the ratios for all quantifiable spectra 

of unique peptides derived from the protein. The MS3 approach generated CID MS2 

spectra for identification and HCD MS3 for quantitation. 

Each group was analyzed in triplicate; thus six analytical experiments were 

performed, resulting in approximately two days of analysis time. A total of 15,464 

peptides at 1% FDR (Percolator algorithm) and 2,635 protein groups were 

identified when all six data files were combined for the database search (Figure 6).  

In addition, 84% of the identified protein groups were quantified (where all reporter 

ions were present), and 817 mitochondrial protein groups were identified and 631 

quantified using ≥2 unique peptides when all six data files were combined. 

The number of peptides identified using MS3 was compared to the MS2 approach.  

Exp A was acquired using the instrument settings shown in Figure 4 and a 180 min 

LC gradient. Figure 7 summarizes the number of peptides and proteins identified, 

where approximately 12% less proteins were identified in the MS3 compared to the 

MS2 approach using the same gradient. 

FIGURE 1.  Experimental design 

Co-isolation interference has been shown to contribute to a decrease in quantitative 

accuracy when using isobaric tags such as TMT3,4. An MS3 approach was developed 

to address co-isolation interference on the Orbitrap Fusion Tribrid MS, where each 

precursor was fragmented by CID MS2 followed by HCD MS3. The synchronous 

precursor selection of multiple MS2 ions using the ion trap subsequently underwent 

HCD MS3 (Figure 3). Ion trap MS2 spectra were used for peptide identification, while 

Orbitrap MS3 spectra containing the TMT 10-plex reporter ions were used for 

quantitation. Figure 4 shows acquisition workflows and instrument settings for the 

MS3 approach compared to the MS2 approach on the Orbitrap Fusion MS.   

FIGURE 2. TMT 10-plex reagents: structures, reporter ion masses, and mass 

spectra acquired at 60,000 resolution (at m/z 200) 

FIGURE 4. Orbitrap Fusion MS acquisition workflows and instrument settings 

for MS3 and MS2 approaches for the identification and quantification of TMT  

10-plex labelled peptides 

FIGURE 3. MS3 approach employing SPS for identification and quantification of 

TMT-labelled peptides 

FIGURE 5.  Representative base peak chromatograms for groups A and B 

FIGURE 6. Summary of the number of peptides and protein groups identified 

and quantified by LC-MS3 using 360 min gradient (n=6 analytical experiments) 

FIGURE 7.  Summary of the number of peptides and protein groups identified 

using MS2 compared to the MS3 approach using a 180 min gradient (n=2 

analytical experiments) 

FIGURE 8. Normalized ratios (against pooled age group) for four mitochondrial 

proteins in all biological samples 

FIGURE 9. Box plots summarizing the distribution of protein ratios for different 

age groups.   

FIGURE 10. Profiling changes to protein expression levels upon aging  


