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Scope of Research

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 binding and recogni-
tion modes of C2H2-type zinc finger proteins and design of artificial transcription factors with various DNA binding
specificities, and (3) design of stimulation-responsible artificial peptides and proteins.

Research Activities (Year 2006)

Presentations

“Membrane-permeable Arginine-rich Peptides and the
Interaction with Cell Membranes”, Futaki S, 10th Naples
Workshop on Bioactive Peptides, Naples, Italy, 11-14
June.

“Oligoarginine Vectors for Intracellular Delivery:
Design and Cellular-uptake Mechanisms”, Futaki S, The
First FIP-APSTJ Joint Workshop on Gene Delivery,
Sapporo, 10-12 July.

“Transmission of Extramembrane Conformational
Switch into Channel Current; Design and Construction of
Artificial Metal-gated Receptor Channel”, Kiwada T,
Sonomura K, Sugiura Y, Asami K, and Futaki S, Inter-
national Conference of 43rd Japanese Peptide Sympo-
sium/4th Peptide Engineering Meeting, Yokohama, 5-8

November.
“Arginine-rich Peptides and the Internalization Mecha-
nisms”, Futaki S, International Mini Symposium

Membrane-permeable Peptides: Chemistry, Biology and
Therapeutic Applications, Kyoto, 10—11 November.

“Artificial Ion Channels Gating by Extramembrane
Conformation Switch”, Futaki S, Japan-Italy Research
Cooperative Program: Japan-Italy Symposium of New
Trends in Enzyme Science and Technology, Nagoya, 15—
17 November.

“Creation and Applications of Artificial Zinc Finger-
type DNA Binding Proteins”, Imanishi M, 55th Annual
Meeting, The Japan Society for Analytical Chemistry,
Toyonaka, 22 September.

“Selective Modification of N-glycosides of Transferrin
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Topics

Transmission of Extramembrane
Conformational Switch into Channel
Current; Design and Construction of
Artificial Metal-gated Receptor Channel

Ion channels and receptors are among the most biologi-
cally important classes of membrane proteins that transmit
outside stimuli into cells. The creation of artificial proteins
with these functions is a challenge in peptide/protein engi-
neering in view of the creation of novel functional nano-
devices as well as understanding the biological machinery.
We have developed a novel Fe(Ill)-gated ion channel
system that is comprised of assemblies of a channel
forming peptide alamethicin bearing an extramembrane
segment. The extramembrane segment contains a pair of
diiminoacetic acid derivatives of lysine (Ida) residues.
Interaction with Fe(IIl) induces the structural alternation
of the extramembrane segment via the chelate formation
with Ida residues, which eventually leads to an increased
channel current (ion influx). This result exemplifies the
feasibility of utilizing the conformational switch of the
extramembrane segment for the current control in artificial
channel systems, a concept that can be applicable for the
design of various artificial receptor ion channel systems.
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Figure 1. Schematic representation of the artificial receptor channel that
transmits outside stimuli (metal) to inside the membrane as an increase
in the ion flux.

Direct and Rapid Cytosolic
Delivery Using Cell-penetrating
Peptides Mediated by Pyrenebutyrate

Intracellular delivery of bioactive molecules using
arginine-rich peptides, including oligoarginine and HIV-1
Tat peptides, is a recently developed technology. We
found a dramatic change in the methods of internaliza-
tion for these peptides brought about by the presence
of pyrenebutyrate, a counteranion bearing an aromatic
hydrophobic moiety. In the absence of pyrenebutyrate,
endocytosis plays a major role in cellular uptake. How-
ever, the addition of pyrenebutyrate results in direct mem-
brane translocation of the peptides yielding diffuse cyto-
solic peptide distribution within a few minutes. Using
this method, rapid and efficient cytosolic delivery of the
enhanced green fluorescent protein (EGFP) was achieved
in cells including rat hippocampal primary cultured neu-
rons. Enhancement of bioactivity on the administration of
an apoptosis-inducing peptide is also demonstrated. Thus,
coupling arginine-rich peptides with this hydrophobic
anion dramatically improved their ability to translocate
cellular membranes, suggesting the great impact of this
approach on exploring and controlling cell function.
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Figure 2. Counteranion-based direct and rapid translocation of R8-con-
jugated enhanced green fluorescent protein (EGFP) into primary culture
cells.

with Therapeutic Drugs for the Receptor Targeting”,
Nakase I, The First FIP-APSTJ Joint Workshop on Gene
Delivery, Sapporo, 10—12 July.

Grants
Futaki S, Development of Intracellular Targeting Vec-

tors and the Real-time Observation of the Intracellular
Delivery, Grant-in-Aid for Scientific Research (B), 1 April
2005-31 March 2008.

Futaki S, Cell Targeting Delivery Peptides: Functional
Elucidation and Delivery Control, SORST Program, Japan
Science and Technology Agency, 1 April 2006-31 March
2008.

Imanishi M, Screening and Evaluation of Novel Clock-

related Proteins Using Zinc-finger Technology, PRESTO
Program, Japan Science and Technology Agency, 1
October 2005-31 March 2009.

Nakase I, Design and Synthesis of New Carrier Pep-
tides Having Functions of Recognition toward Both Pro-
teoglycans and Cellular Markers for Efficient Delivery of
Therapeutic Agents into Cells, Grant-in-Aid for Young
Scientists (Start Up), 1 April 2006-31 March 2008.

Award
Nakase I, The Best Presentation Award, The First FIP-

APSTJ Joint Workshop on Gene Delivery, Sapporo, 24
July 2006.
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