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Fig. 1 Workflow of label free quantitative proteomics combined biomedical knowledge
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Table 1 Analysis of proteins with shared

peptides in sample

Total count Total count of proteins
Sample . . . Rate/%
of proteins with shared peptides
Group A 1589 614 38.64
Group B 1569 593 37.79
Group C 1397 362 25.91

Table 2 Analysis of proteins in acyl-CoA dehydrogenase family

Protein ID  Gene symbol  Total count of peptides

Total count of shared peptides

Rate/% Rank (NSAF only) Rank (with shared peptides)

1P100119203 Acadvl 3033 3000
IPI00119114 Acadl 1449 1419
IP100134961 Acadm 1150 1131
IPI00116591 Acads 705 692
1P100274222 Acad8 200 188
IP100331251 Acads 180 180
IPI00331710 Acad9 155 144
IP100119842 Acadsb 113 105
IP100170013 Acadl0 85 80

98.91 8 8
97.93 11 12
98.35 51 39
98.16 63 63
94.00 140 100
100.00 157 1444
92.90 182 111
92.92 228 165
94.12 395 289
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Fig. 3 Distribution of protein abundance (human heart, mouse heart & mouse liver mito-datasets)

x-AXis represents protein function and y-axis represents percentage. ll : Mouse liver; 0 : Mouse heart; [J : Human heart. /: Apoptosis; 2: Binding; 3:

Biosynthesis; 4: Cell adhesion; 5: Cell cycle; 6: Metabolism; 7: OXPHOS; 8: Proteolysis; 9: Redox; /0: Signaling; /7: Structure; /2: Transport; /3
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Table 3 Top 10 most abundant proteins in human heart mitochondrial dataset

Rank Protein ID Gene Function Rank mouse heart Rank mouse liver
1 1P100303476 ATP5B ETC complex 1 3
2 1P100440493 ATP5ALl ETC complex 2 4
3 1P100022314 SOD2 Redox 32 27
4 IP100017855 ACO2 Metabolism 3 55
5 IP100015141 CKMT2 Transport 14 14
6 1P100022891 SLC25A4 Transport 5 59
7 IP1I00007188 SLC25A5 Transport, Apoptosis 121 36
8 IP100015911 DLD TCA cycle 222 631
9 1P100337541 NNT Metabolism 7 202
10 1P100291006 MDH2 TCA cycle, Metabolism 4 17

Table 4 Top 10 most abundant proteins in mouse heart mitochondrial dataset

Rank Protein ID Gene Function Rank mouse heart Rank mouse liver
1 1P100468481 Atp5b ETC complex 1 3
2 1P100130280 Atp5Sal ETC complex 2 4
3 IP100116074 Aco2 TCA cycle 5 45
4 1P100323592 Mdh2 Metabolism 14 14
5 IPI00115564 Slc25a4 Transport 7 48
6 1P100223092 Hadha Fatty acid metabolism 15 16
7 1P100309964 Nnt OXPHOS 13 163
8 IP100119203 Acadvl Metabolism 25 23
9 1P100230351 Sdha OXPHOS 180 41
10 1P100226430 Acaa2 Metabolism 73 2

Table 5 Top 10 most abundant proteins in mouse liver mitochondrial dataset

Rank Protein ID Gene Function Rank mouse heart Rank human heart
1 IPI00111908 Cpsl Urea cycle 999 1004
2 1P100226430 Acaa2 Fatty acid metabolism 10 65
3 1P100468481 Atp5b ETC complex 1 1
4 1P100130280 Atp5Sal ETC complex 2 2
5 IP100420718 Hmgcs?2 TCA cycle N/D N/D
6 IPI00116753 Etfa ETC complex 27 36
7 IP100308885 Hspdl Binding 15 23
8 IPI00111218 Aldh2 Redox 200 91
9 IP100114710 Pcx Binding 114 824
10 1P100230507 Atp5h ETC complex 12 13
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Fig. 4 Quantitative analysis of ETC complex proteins
I : Human heart; [0 : Mouse liver; [J: Mouse heart.
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A Mass Spectrometry-based Label-free Quantitative Approach Coupled
With Complex Proteome Functional Analysis”

PAN Chao, SU Yun-Cong, YANG Rui, DUAN Hui-Long, DENG Ning"™
(College of Biomedical Engineering and Instrument Science, Key Laboratory of Biomedical Engineering of Ministry of Education of China,
Zhejiang University, Hangzhou 310027, China)

Abstract Label-free quantitative approach based mass spectrometry was used for analysis of complex proteomes,
meanwhile, a method based on quantitative analysis which is used for explaining functions and interactions in a
large-scale manner is of great importance. To systematically overcome this challenge, we should build a method
combing with quantitation and qualification. We used Normalized Spectral Abundance Factor (NSAF) based
peptide count as starting point for our analysis and proposed a new method with shared peptides to accurately
evaluate abundance of Isoforms for complex proteomes. In addition, large-scale functional annotations of complex
proteomes were extracted by g:Profiler and analyzed in the process of quantitation. In this paper, three groups of
mitochondrial proteins including mouse heart mitochondrial proteins, mouse liver mitochondrial proteins and
human heart mitochondrial proteins were selected for analysis. All MS/MS spectra t were searched against the IPI
mouse database and IPI human database using the pFind software kit. Detailed search parameters were performed
using as follows: partial tryptic digest allowing two missed cleavages; fixed modification of cysteine with
carbamidomethylation (57.021 Da) and variable modification of methionine with oxidation (15.995 Da), the
precursor and fragment mass tolerances were set up at 1.5 and 0.5 Da, respectively. Peptides matching the
following criteria were used for protein identification: DeltaCN =0.1; FDR <1.0%; peptide mass was 600.0 ~
6000.0; peptide length was 6 ~60. According to the biochemical properties of mitochondrial proteins, all
functional annotations were assigned to various signaling pathway or functional clusters, such as apoptosis,
DNA/RNA/protein synthesis, metabolism, oxidative phosphorylation, protein binding/folding, proteolysis, redox,
signal transduction, structure, transport, cell adhesion and cell cycle, and analyzed by correlation analysis,
functional clustering and electron transport chain analysis. We found that proteins which rank have enormous
variation between NSAF and the new method even came from a same family, such as proteins belonging to
acyl-CoA dehydrogenase family. Proteins in the family play an important role in life event due to their biochemical
properties of fatty acid metabolism and lipid metabolism searched using the online database analysis tool available
through UniProt (www.uniprot.org). From the global perspective of the three groups of mitochondrial proteins, the
correlation of mouse heart mitochondrial proteins and mouse liver mitochondrial proteins shows highest, while the
correlation of human heart mitochondrial proteins and mouse liver mitochondrial proteins shows lowest, it denotes
that the correlation of simple species and different organs shows highest. On the aspect of functional clustering,
metabolic proteins have highest abundance in mouse liver mitochondrial dataset, while oxidative phosphorylation
proteins show highest abundance in cardiac mitochondrial dataset. This explains that liver plays an important role
in metabolic process including nutrients synthesis, transformation and decomposition, however, heart promotes
blood flowing to provide adequate blood to the organs or tissues, supply oxygen or various nutrients and take
metabolic products away. We concluded that the strategy with shared peptides overcame inaccurate and
overestimated results to improve accuracy, and label-free quantitative approach coupled with complex proteome
functional analysis can thoroughly explore protein functions or relationship and provide a new method for
large-scale comparative or diseased proteomics.
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