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研究成果の概要（和文）：我々は、人工転写因子の調製だけでなく、バイオイメージングのために水溶性SiQDと
CQDを開発した。水溶性シリコン量子ドットの合成には、デセン分子を表面官能基化したシリコンQDを用い、水
溶性化にはプルロニックF127を用いた。さらに、バイオマス廃棄物からCQDを合成した。HeLa、A549、線維芽細
胞、iPS、心筋細胞、メダカなど、さまざまな細胞株について、両材料の細胞毒性を試験した。これらの材料を
用いてNANO-TFを開発した。NANO-TFユニットには薬物とミトコンドリア浸透ペプチドが含まれており、ミトコン
ドリア内部への浸透を可能にしている.

研究成果の概要（英文）：We have developed water-soluble SiQDs and CQDs for bio-imaging, as well as 
to prepare the artificial transcription factor. Instead, we used silicon QDs  with decene molecules 
for surface functionalization and Pluronic F127 for the water-soluble process. Additionally, we 
synthesized CQDs from biomass waste.We tested the cytotoxicity of both materials on various cell 
lines, including HeLa, A549, fibroblast, iPS, cardiomyocytes, and Japanese medaka fish. We used 
these materials to develop NANO-TF. The NANO-TF units contain drugs and mitochondrial penetrating 
peptides, which enable them to penetrate inside the mitochondria.

研究分野： Nanomedicine

キーワード： Quantum dots　Cell imaging　Transcription Factor　Medaka fish　reactive oxygen species　Molec
ular modeling

  ３版

令和

研究成果の学術的意義や社会的意義
当研究室において合成された量子ドットベースの NANO-TF は、ミトコンドリア膜を透過してがん細胞のミトコ
ンドリア DNA に到達する能力を持っており、得られた結果は、QD ベースの薬物送達による癌細胞の破壊に大き
く役立つ。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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1. 研究開始当初の背景 

 

Cancer is the leading cause of death globally and also in Japan. Recent studies have shown that reactive oxygen species 

(ROS) produced by mitochondrial complexes play an essential role in cancer development through signaling pathways 

and epigenetic regulation. However, controlling the multiple targets, including nuclear and mitochondrial genes 

involved in ROS production, has been challenging. Natural transcription factors use protein modifications to control 

various factors precisely. Therefore, an artificial transcription factor that can imitate the structure and function of 

natural transcription factors is expected to control nuclear and mitochondrial genes involved in cancer disease. In 

previous studies, synthetic transcription factors were developed to control the transcription of genes in the nucleus 

and mitochondria using epigenetic mechanisms. Based on these findings, the goal of this project is to develop an 

artificial transcription factor called "NANO-TF" by introducing various functional compounds onto quantum dots. 

NANO-TF is expected to control ROS levels and intracellular energy metabolism in cancer patients, providing 

innovative strategies for treating cancer. 

 

2. 研究の目的 

 

The aim of this study is to create 

and assess artificial transcription 

factors that can more precisely 

regulate reactive oxygen species 

(ROS) in cancer cells (Figure 1). 

Although researchers are 

currently gaining knowledge 

about the nuclear and 

mitochondrial factors that play a 

role in ROS, there is still no 

established method for 

effectively controlling these 

factors. While compound-based 

synthetic transcription factors are 

straightforward, it is challenging 

to achieve precise control over complex transcription networks due to their limited capacity to perform intricate tasks. 

To overcome this limitation, we looked to nature for inspiration and observed how well-controlled gene expression 

occurs at the molecular level. This insight guided us in developing a gene expression control method. In the cell, 

transcription factors contain a DNA binding domain alongside various domains that regulate epigenetic enzymes and 

signaling factors, allowing for selective gene expression regulation. We plan to create a new type of artificial 

transcription factor called "NANO-TF" by combining PIP as a DNA binding domain with functional compounds and 



peptides on silicon quantum dots. Our goal is to demonstrate the effectiveness of this NANO-TF in regulating the 

expression of mitochondrial and nuclear factors involved in cancer and managing the level of ROS in living cells. 

 

3. 研究の方法 

 

We developed water-soluble silicon and carbon quantum dots for delivering DNA binding domain N-Methylpyrrole-

N-methylimidazole polyamide (PIP) to mitochondrial DNA using mitochondrial penetrating peptides. We created 

NANO-TF based on past reports. Specifically, silicon quantum dots having a small particle size (~ 4 nm) that are 

biodegradable and water-soluble and quickly permeate mitochondria are used. Introduce functional domains such as 

transcriptional activation domains (VP16 peptides and TFAM transcriptional activation domains, compounds with 

transcriptional activation ability), nuclear localization signals (TAT peptides), and DNA binding domains (PIPs). A 

WRPW peptide is used as the transcriptional repression domain. Mitochondrial penetrating peptides are introduced 

into the mitochondrial DNA target NANO-TF, and these introductions are performed by EDC / NHS coupling. 

 

4. 研究成果 

 

Targeting mitochondrial DNA is a promising strategy for cancer drug therapy. Quantum dots-based NANO-TFs 

synthesized in a laboratory have the ability to penetrate the mitochondrial membrane and reach mitochondrial DNA 

in cancerous cells. Figure 2 displays the uptake of NANO-TFs by HeLa cells. To confirm the organelle localization of 

the CQDs, mito-tracker dye was 

used, and both the CQDs and 

mito-tracker merged effectively. 

These results indicate that 

nitrogen-doped CQDs can enter 

mitochondria. The blue color 

signifies the cell nucleus, the 

green color represents 

mitochondria, and the orange 

color indicates NANO-TF. In 

addition, we synthesized silicon 

quantum dots to focus near-

infrared region. We achieved 

near-infrared emitting quantum 

dots with a 40% quantum yield. 

We believe that these materials 

(NANO-TF) could be beneficial 

for extending human life in the 

near future. 
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