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Challenges in Single-Cell Proteomics

Takeshi Masuda
Department of Pharmaceutical Microbiology, Faculty of Life Sciences, Kumamoto University

Molecular heterogeneity in individual cells contributes to basic biological
phenomena such as cell development and differentiation, as well as drug
resistance of tumor cells. Various single-cell omics analysis techniques have
been reported to observe molecular heterogeneity, and most of them target
DNA and mRNA that can be amplified by PCR. Protein is one of the most
important molecules that play a major role in several biological activities. Since
proteins cannot be amplified, it is necessary to analyze extremely small
amounts of proteins obtained from single cell without loss. However, very small
amounts of proteins are easily lost by adsorption to the plastic container during
the proteomics pretreatment process. To overcome of this problem, we
developed the water droplet-in-oil digestion method, in which a small amount
of sample droplet is formed in oil and proteomics pretreatment is performed in
this droplet. We compared the total intensity of peptides and the number of
guantified proteins by the conventional in-solution digestion method with our
method using single cell. The total intensity of peptides increased
approximately 10-fold, and the number of quantified proteins increased
approximately 2.7-fold. These suggest that the use of the water droplet-in-oil
digestion method reduced nonspecific adsorption of proteins and peptides to
the plastic tubes, leading to improved recovery of them. We applied the water
droplet-in-oil digestion method to 108 multiple myeloma cell lines.
Approximately 700 proteins were quantified from each single cell, and 1407
proteins in total from 108 single-cells. We found a new population from the
multiple myeloma cell line which it is hardly possible to find by the traditional
bulk analyses. In this presentation, we would like to discuss the validity of the
guantitative values and the heterogeneity of the cells obtained by our method.
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Cutting-edge lipidomics technology reveals the
biology of lipid diversity and disease control

Makoto Arita

1Division of Physiological Chemistry and Metabolism, Graduate School of Pharmaceutical
Sciences, Keio University

2Laboratory of Metabolomics, RIKEN Center for Integrative Medical Sciences

3Graduate School of Medical Life Science, Yokohama City University

Abnormal lipid metabolism is often a background factor of diseases, which
may lead to the discovery of new seeds for drug discovery and medical
applications such as early diagnosis and treatment. We have established a
state-of-the-art lipidomics technology to comprehensively and gquantitatively
monitor the lipid profiles, and have shown that the balance of fatty acid
metabolism is important in the control of inflammatory and metabolic diseases.
In particular, we have demonstrated that omega-3 fatty acids such as EPA and
DHA are converted to active metabolites by fatty acid oxygenase and exert
proactive anti-inflammatory and tissue-protective effects.

Recent advances in mass spectrometry have provided a major impact on
lipid biology, suggesting that the lipid molecules analyzed in the past are only
the tip of the iceberg. We have established a non-targeted lipidomics platform
that enables us to identify the structural diversity of >8,000 lipid species in
human and mouse tissues, cells, and commensal bacteria. Also, the Lipidome
Atlas project is ongoing by developing MS imaging techniques to visualize the
effect of the local environment created by specific lipids on the dynamics and
functions of multicellular systems. We aim to elucidate the mechanisms that
create, regulate, and recognize lipid diversity and its localization in vivo, as well
as to elucidate diseases caused by the disruption of such mechanismes.

Ref: JST-ERATO Grant number JPMJER2101
https://www.jst.go.jp/erato/en/research_area/ongoing/jpmjer2101.html





