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Toward understanding biological phenomena by genetically-encoded molecular spies
Takeharu Nagai (Research Institute for Electronic Science, Hokkaido University)
tnagai@es.hokudai.ac.jp

Our primary goal is to better understand how biological molecules function in space and
time. To this end, we are developing several techniques to visualize physiological events at
molecular level in living cells. One approach is the use of the green fluorescent protein
and its derivatives (FPs). To expand color palette of FPs, we invented a pH-insensitive
ultramarine fluorescent protein, Sirius, with enhanced photostability and an emission
peak at 424 nm, the shortest wavelength among fluorescent proteins reported to date
(Figure). The pH-insensitivity of Sirius makes possible prolonged visualization of
biological events in an acidic environment. Combination of FPs with fluorescence
resonance energy transfer (FRET) technique allows us to develop functional indicators for
visualization of localized molecular events in their natural environment. For example, we
have developed an ultra-sensitive Ca?* indicator by introducing some modification into
Ca* sensing domain of YC3.60 (Nagai et al. 2004). Its small A; value (20 nM) and large
dynamic range (1450%) allows us to detect subtle changing in Ca?* concentration even at
10-150 nM ranges without affecting cellular viability. In addition, we also developed
“dual FRET” imaging methods by using two emission compatible FRET pairs, Sirius-CFP
and Sapphire-dsRed, thereby we succeeded in simultaneous spatio-temporal visualization
of two intracellular events. Furthermore, we applied the FRET technique to make a
photoconvertible fluorescent protein, Phamret, which can be highlighted by UV
stimulation inducing a change in fluorescence emission from cyan to green color. In this
symposium, I will introduce not only several kinds of FP-based indicators mentioned
above but also a technique for high-throughput gene construction that is useful for

making high performance indicators.

[1] H. Imamura et al. Proc. Natl. Acad. Sci. USA in press
[2] W. Tomosugi et al. Nature Methods 6 (2009) 351.
[3] T. Matsuda et al. Nature Methods 5 (2008) 339.
[4] 1. Koteraand T. Nagai. J. Biotechnol. 13 (2008) 1.
[5] K. Takemoto et al. Proc. Natl. Acad. Sci. USA 104 (2007) 13367.
[6] K. Okamoto et al.. Nature Neurosci 7 (2004) 1104
[7] T. Nagaietal. Proc. Natl. Acad. Sci. USA 101 (2004) 10554. . . L
) ) Figure. Multi-color imaging of HeLa cells labeled
[8] T. Nagai etal. Nature Biotechnol. 20 (2002) 87. with Sirius-H2B, mseCFP-ER Venus-mitochondria,
and mCherry-Tubulin




	2009年度合同シンポジウム
	生命現象の分子レベルでの解明（仮）
	プログラム 場　所：北海道大学大学院理学研究科　5号館　大講義室   日　時：2009年11月13日 (金)　 13時より
	エボラウイルスの宿主細胞への侵入機構の解明
	南保明日香 （北海道大学 大学院薬学研究院 衛生化学研究室)

	大脳皮質の神経細胞移動と層形成における       クラスIII ホスファチジルイノシトール ３-キナーゼの役割
	佐々　貴之 （北海道大学　大学院薬学研究院　生化学研究室）

	癌におけるDNAメチル化異常とRNA干渉
	豊田　　実 （札幌医科大学医学部生化学講座）

	低酸素応答性転写因子による生体機能調節機構
	牧野　雄一  （旭川医科学大　内科学講座　病態代謝内科学分野）

	黄色ブドウ球菌由来巨大蛋白質Ebhの全体構造に関する考察
	田中　良和 （北海道大学　創成研究機構）

	Toward understanding biological phenomena by genetically-encoded molecular spies
	Takeharu Nagai  (Research Institute for Electronic Science, Hokkaido University)                   tnagai@es.hokudai.ac.jp


