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The ultimate goal of our research is the regulation of cellular functions by designed peptides and proteins. Current 
 research subjects include (1) development of novel intracellular delivery systems aiming at elucidation and control of 
cellular functions using designed membrane permeable peptide vectors, (2) elucidation of the DNA or RNA binding 
modes of nucleic acid binding proteins, and design of artificial regulators of gene expression, (3) elucidation and control 
of membrane curvature, and (4) design of stimulation-responsible artificial peptides and proteins.
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Curvature-sensing Peptides to Distinguish 
Bacterial Extracellular Membrane Vesicles 
from Cells in Cultured Medium

Extracellular membrane vesicles (EMVs) are biogenic 
secretory lipidic vesicles that play significant roles in in-
tercellular communication related to human diseases and 
bacterial pathogenesis. They are being investigated for 
their possible use in diagnosis, vaccines, and biotechnology. 
However, the existing methods suffer from a number of 
issues. High-speed centrifugation, a widely used method to 
collect EMVs, may cause structural artifacts. Immunos-
taining methods require several steps and thus the separa-
tion and detection of EMVs from the secretory cells is 
time-consuming. Furthermore, detection of EMVs using 
these methods requires specific and costly antibodies. To 
tackle these problems, development of a simple and rapid 
detection method for the EMVs in the cultured medium 
without separation from the secretory cells is a pressing 
task. In this study, we focused on the Gram-negative bacte-
rium Shewanella vesiculosa HM13, which produces a large 
amount of EMVs including a cargo protein with high purity, 
as a model [C. Chen, et al., Front. Microbiol., 2020, 10, 
3001]. FAAV, a curvature-sensing peptide [K. Kawano, et 
al., Chem. Pharm. Bull., 2019, 67, 1131], selectively binds 
to the EMVs even in the presence of the secretory cells in 
the complex cultured medium (Figure 1). FAAV can fully 
detect the EMVs within a few minutes, and the resistance 
of FAAV to proteases enables it to withstand prolonged use 
in the cultured medium. Fluorescence / Förster resonance 
energy transfer (FRET) was used to develop a method to 
detect changes in the amount of the EMVs with high sensi-
tivity. Overall, our results indicate the potential applicability 
of FAAV for in situ EMV detection in cultured media.

Targeted RNA Methylation and Demethylation 
Using Artificial RNA Binding Proteins

N6-methyladenosine (m6A) is the most abundant internal 
RNA modification in eukaryotic mRNA, regulating vari-
ous aspects of mRNA metabolism, such as mRNA stability, 
localization, and translation, ultimately controlling gene 
expression. The levels of m6A methylation are controlled 
by m6A regulatory enzymes. METTL3 and METTL14 
form a heterodimer and install the methyl group into N6-
adenosine within the RRACH (R: A, G; H: A, C, U) se-
quences. FTO or ALKBH5 catalyses demethylation. Al-
though sequencing analysis using Me-RIP-seq and 
down- or up-regulation of the m6A regulatory enzymes have 
revealed the importance of m6A in various biological 
phenomena, the function of individual m6A has not yet 
been revealed. New methods to control local RNA methyl-
ation are needed. Here fusion proteins of m6A regulatory 
enzymes, FTO demethylase and METTL14 methyltrans-
ferase, with a programmable RNA binding protein, PUF, 
were designed (Figure 2). Sequence-specific (de)methyla-
tion was demonstrated in vitro even in the presence of 
excess amount of non-specific RNA fragments derived 
from mammalian cells, strongly suggesting these chimeras 
could be used in transcriptome. This study provides a 
proof-of-principle that the strategy to fuse m6A-regulatory 
enzymes with the programmable RNA binding protein 
PUF is a promising way for site-specific control of RNA 
methylation, not only at the transcript level but also at the 
level of a single m6A site within a given transcript to clarify 
the function of individual RNA methylation.

Figure 1. A method for in situ vesicle detection in cultured media.

Figure 2. Targeted RNA methylation and demethylation using fusion pro-
teins of RNA (de)methylases with programmable RNA binding protein, 
PUF.


