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研究成果の概要（和文）：本研究では、生体内イメージングに適したプローブとして近年開発された、超高輝度発光タ
ンパク質Nano-lantern（ナノ・ランタン）の更に高輝度なシアン色・オレンジ色の色調変異体を開発した。これにより
細胞内微細構造や遺伝子発現、細胞内カルシウムイオン濃度の動態など、複数の生命現象を高感度かつ同時に解析する
ことが可能となった。さらにこのナノ・ランタンをRNA結合タンパク質と応用することで、標的とするmRNAを特異的に
検出する方法を開発した。今後、このmRNA検出法をさらに改良してシグナル標的遺伝子のmRNA動態解析に応用すること
で、左右軸非対称性形成のシグナル制御機構の解析に取り組む。

研究成果の概要（英文）：In this research, we developed brighter, cyan and orange variants of 
Nano-lantern, a recently developed super-brilliant yellowish-green luminescent protein which is suitable 
for in vivo imaging. These multicolor Nano-lanterns enable monitoring of multiple biological events, 
including dynamics of intracellular microstructures, gene expressions, and calcium ion concentrations. 
Furthermore, we developed real-time mRNA detection method by combining Nano-lantern with RNA binding 
proteins. After further improvement of this mRNA detection method, we will apply it in a study of signal 
regulation mechanisms during left-right asymmetry formation.

研究分野： 発生生物学、細胞生物学

キーワード： シグナル伝達　発光イメージング　RNAイメージング
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Fig. 1 (A) Left–right asymmetric arrangements of internal organs in the human body. Normal
arrangement (situs solitus) (left). Most humans (>99%) have the heart on the left side and the liver on the
right side. Mirrored arrangement (situs inversus) (right). Half of patients with Kartagener’s syndrome have
this arrangement, whereas the remaining patients are normal. Therefore, the left–right bilateral symmetry is
randomly broken in this disease. (B–E) Scanning electron micrographs of wild-type (B, D) and Kif3b!/! (C,
E) mouse embryos. (B, C) Full-length images. Wild-type embryos at this stage have already turned with a
right-sided tail (B), whereas Kif3b!/! embryos remain unturned (C). In panel (C), the dilated pericardial sac
has been removed, and the heart loop is inverted (arrow). (D, E) Higher magnification images and schematic
representations of the heart loops showing a normal loop in the wild-type embryo (D) and an inverted loop in
the mutant embryo (E). (F–I) Scanning electron micrographs of a mouse node. (F) Low-magnification view
of a mouse embryo at 7.5 days post coitum. Reichert’s membrane is removed, and the embryo is observed
from the ventral side. The node is indicated by a black rectangle. The orientation is indicated in the panel as
anterior (A), posterior (P), left (L), and right (R). Scale bar= 100 µm. (G) Higher magnification view of the
mouse node. The orientation is the same as in panel (A). Scale bar= 20µm. (H) Higher magnification view
of the nodal cilia (arrows) and nodal pit cells. Scale bar= 5 µm. (I) Nodal pit cells of Kif3b–/– embryos.
Nodal cilia are absent in these genetically manipulated embryos. Panels A was reproduced with permission
from JT Biohistory Research Hall/TokyoCinema, (B–I) were modified from Nonaka et al. (1998), Okada
et al. (2005), and Hirokawa et al. (2006).
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