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Peak identification and quantification in proteomic mass spectrograms
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Shotgun proteomics using liquid chromatography coupled with mass spectrometry
(LC/MS) has been used widely to identify and quantify digested peptides. Recent advances
in LC/MS technologies have permitted detection of a wide range of signal parameters in a
three-dimensional mass spectrogram, including m/z, retention time, and intensity.
However, despite the high resolving power of modern LC/MS instruments, a large part of
the mass spectrogram remains unresolved. A new approach based on mathematical and
statistical methods is required to interpret mass spectrograms accurately and with higher
sensitivity.

Non-negative matrix factorization (NMF) is a well-used machine-learning technique
that is applicable for source separation. NMF computation is purely additive, guarantees
non-negativity, and generates a controllable sparse approximation with a sparsity
constraint. Therefore, NMF should be suitable for analyzing combined signals of non-
negative m/z, retention time, and intensity in sparse proteomic mass spectrograms.
However, application of NMF to proteomics has barely been explored.

We have developed a novel approach based on NMF to analyze three-dimensional mass
spectrograms obtained from proteomic studies efficiently. Our proteomics NMF (pNMF)
incorporates isotopic distribution, learns noise, exploits a protein-peptide hierarchical
relationship by using a group sparsity constraint, and configures a reasonable
initialization by using predicted retention times. The proposed update rule with the
constraint of choice guarantees convergence to a local optimum, meaning that with
appropriate initialization, pPNMF guarantees convergence to the right solution.

The effects of NMF modifications provided a significant improvement in extracting a
high-quality chromatogram and annotating accurate peptide retention times, in
comparison to the classical NMF. In benchmarking, pNMF identified and quantified 1319
peptide ions from the mass spectrogram obtained by LC/MS analysis of tryptic peptides of
48 standard proteins, and showed excellent agreement with the conventional
identifications using Mascot and Skyline. For computational performance, despite the size
of the computational tasks, which involve several million elements, the computation time
and space required by pNMF are manageable on a common desktop computer. This is the
first application of NMF to LC/MS-based proteome analysis. Since pre-processing is not
required, this approach can maximize the efficiency of both protein and peptide
identification and quantification.

Further improvements for NMF algorithm-based approach are possible by
incorporating other significant features such as product ions from proteomic mass
spectrograms. We have added another NMF layer for analyzing LC/MS/MS spectra. The
algorithm provided better performance for peptide identification. We also have been able
to perform proteome analysis on a large scale while reducing running time.
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