2022 2023

Creation and biological evaluation of nanoparticle-based artificial
transcription factor

Creation and biological evaluation of nanoparticle-based artificial
transcription factor

Chinnathambi, Shanmugavel

3,600,000

SiQD
cQD QD
F127 cQD HeLa A549
iPS
NANO-TF NANO-TF

NANO-TF
DNA QD

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.

Nanomedicine

Quantum dots Cell imaging Transcription Factor Medaka fish reactive oxygen species Molec
ular modeling




# X C—19. F—19—1,2—19 (&&)
1. ARFARYNOER

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.
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synthetic transcription factors are
straightforward, it is challenging Figure 1. ROS levels in healthy and cancer cells

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. ARDFE

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. AR

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
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infrared region. We achieved
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dots with a 40% quantum yield.
We believe that these materials

(NANO-TF) could be beneficial Figure 2 NANO-TF, mitochondrial localization using CPKS,

for extending human life in the 7T 3 : S 7
g oyster, and citric acid-based CQODs with HeLa cells.
near future.
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