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データから重要な情報を引き出し、物理化学現象を解明
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高度な分析・先端計測 è 複雑な計測データ
計測データが潜在的に持つ情報
計測データの全てが解釈できてはいない

実際には、計測データの一部だけが使われて、
残りの情報は使えないまま、埋もれてしまう。

データそのものを使って（駆動して）、
分析装置に期待されていた以上の情報を引き出し、
物理化学現象を明らかにする。
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Machine 
learning 
program

Huge number of training MS spectra

Unknown peptide spectra

Chemical structures of molecules 
in a sample are suggested by the 
system è Identification

Trained 
program 
predicts

Peptide 1
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Peptide n
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OrbiSIMS Imaging Identifies Molecular Constituents of the Perialgal
Vacuole Membrane of Paramecium bursaria with Symbiotic Chlorella
variabilis
Satoka Aoyagi,*,† Yuuki Kodama,∥ Melissa K. Passarelli,‡,# Jean-Luc Vorng,‡

Tomoko Kawashima,§ Keisuke Yoshikiyo,∥ Tatsuyuki Yamamoto,∥ and Ian S. Gilmore*,‡

†Department of Materials and Life Science, Seikei University, Tokyo 180-8633, Japan
‡National Physical Laboratory, Hampton Road, Teddington, Middlesex TW11 0LW, U.K.
§Corporate Engineering Division, Appliances Company, Panasonic Corporation, Kyoto 619-0237, Japan
∥Institute of Agricultural and Life Sciences, Academic Assembly, Shimane University, Matsue, Shimane 690-8504, Japan

*S Supporting Information

ABSTRACT: The protist (mostly single-celled organisms), Paramecium bursaria, forms an intracellular symbiotic relationship
with the single-celled algae, Chlorella variabilis, where P. bursaria provides nutrients (i.e., Ca2+, Mg2+, and K+), carbon dioxide
for photosynthesis and protection from viruses, while C. variabilis provides oxygen, carbon fixation, and nutrients. Key to this
successful relationship is the perialgal vacuole (PV) membrane, which surrounds C. variabilis and protects it from digestion by
P. bursaria. The membrane is fragile and difficult to analyze using conventional methods therefore very little is known about the
molecular composition. We used the OrbiSIMS, a new high-resolution mass spectrometer with subcellular resolution imaging,
to study the compartmentalization of endosymbionts and elucidate biomolecular interactions between the host and
endosymbiont. Ions from the region of interest, close to C. variabilis, and specific to the target samples containing PVs were
found based on the chemical mapping and masses of the ions. We show chemical localizations of oligosaccharides in close
proximity of C. variabilis endosymbionts in P. bursaria. These oligosaccharides are detected in host-endosymbiont samples
containing PV membrane-bound algae and absent in free-living algae and digestive vacuole (DV) membrane-bound algae in P.
bursaria.

The intracellular symbiosis of Paramecium bursaria (P.
bursaria) and Chlorella variabilis (C. variabilis) creates an

organism with both zooplankton and phytoplankton features,
such as mobility and the ability of photosynthesis. In this
symbiotic relationship, P. bursaria provides nutrients (i.e., Ca2+,
Mg2+, and K+), carbon dioxide for photosynthesis and
protection from viruses, while C. variabilis provides oxygen,
carbon fixation, and nutrients. These metabolic exchanges are
crucial for understanding ecological evolution including the
expansion of aquatic ecosystems into new niches.1 C. variabilis
is internalized within P. bursaria (Figure 1a, b) through
phagocytosis. Inside the ciliate (single-celled animal) host P.
bursaria, the algae cells are sequestered in a digestive vacuole
(DV). Within a short time, 0.5−3 min,2 acidosome and
lysosome fuse to the DV’s membrane and start to digest the C.

variabilis. Some of the undigested algae escape from DVs as a
result of budding of the membrane into the cytoplasm. The
DV membrane enclosing an undigested alga may differentiate
into a perialgal vacuole (PV) membrane, which provides
protection from digestion and allows nutrition transportation.
To establish a successful symbiotic relationship, crucial
changes in the chemistry of the membrane are needed to
allow the transport of nutrients between the two species and to
protect the foreign symbiont from digestion. The roles of
symbiotic algae in P. bursaria have previously been studied by
comparing P. bursaria cultured in light and dark environ-
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スペクトルを読み解き、
- 目的物質の
分布イメージを得る！
- 目的の場所の
物質を同定する！
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データ解析の応用
多変量解析 è 古典的手法だが有用
機械学習・深層学習 è 複雑な現象にも対応可能
スパースモデリング
è ゼロが多いほど解が求めやすい、
という特徴を活かして、活用。

情報エントロピー
è 曖昧さと確実さを統計力学のエントロピーと同
様の方法で計算。熱力学のエントロピーと関連づけ
られれば物理・化学現象を解く鍵にもなり得る。
測定の物理的原理を理解したうえで、
適するデータ解析手法を選ぶ。
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