Flexible warped nanographene developed for bioimaging
~ A new water-soluble nanocarbon triggers cell death when exposed to light ~
February 19, 2018
An international team of scientists has developed a water-soluble “warped nanographene”, a flexible
molecule that is biocompatible and shows promise for fluorescent cell imaging. The new
nanographene molecule also induces cell death when exposed to blue laser light. Further
investigation is required to determine how nanocarbons could be used for a range of biological
applications, such as photodynamic therapy for cancer treatments.

A new water-soluble warped nanographene. Hydrophilic chains on the periphery impart high water solubility.

Nagoya, Japan – A group of chemists and biologists at Nagoya University and Boston College, have
succeeded in synthesizing a water-soluble warped nanographene molecule that is water soluble for
the first time. This new molecule, recently described in the journal Angewandte Chemie International
Edition, expands the biological applications for nanocarbons, including cancer cell imaging and
possibly eradication.
Nanographenes, nano-sized carbon molecules, exhibit unique electronic, optical and mechanical
properties, and have been recognized as promising materials for electronic and biomedical purposes.
However, the flat structure of nanographenes leads to stacking and aggregation in solvents, making it
difficult to dissolve in various solvents and thus causing complications for biological applications.

Structure and properties of nanographenes and warped nanographenes.
Common nanographenes are stacked in solvents, whereas warped nanographenes are dispersed in solvents.
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In 2013, Professor Kenichiro Itami, director of the JST-ERATO Itami Molecular Nanocarbon Project
and the Institute of Transformative Bio-Molecules (ITbM) at Nagoya University and his co-workers
synthesized a warped nanographene molecule with a saddle-shape structure. The unique
organization of the molecule’s 26 graphene rings prevents aggregation, making it soluble in most
common organic solvents. Moreover, it exhibits green fluorescence when irradiated with ultraviolet or
blue light.
“We were really excited when we succeeded in synthesizing the warped nanographene molecule, and
we were interested in making it available for biological applications, which we achieved by adding
water-soluble functional groups to the molecule,” says Itami.

Synthetic route towards water-soluble warped nanographenes.
The warped nanographene undergoes C–H borylation to add boron moieties, followed by the Suzuki coupling to add watersoluble chains to the molecule (TEG = tetra(ethylene) glycol). Photo images of an ultraviolet irradiated quartz cell containing the
water-soluble warped nanographene dissolved in various solvents (dichloromethane: green and water: yellow fluorescence).

In the latest study, Itami’s group explains how they developed a straightforward route to make warped
nanographenes water soluble. First, they replaced five hydrogen atoms with boron moieties, through
an iridium-catalyzed C–H borylation reaction. The boron-substituted warped nanographene is then
mixed with a compound, called an aryl halide, containing water-soluble chains. A palladium-catalyzed
Suzuki-Miyaura coupling reaction leads to the water-soluble chains attaching to the edges of the
nanographene molecule, making it soluble in water and other organic solvents. This method can also
be used to install other functional groups to warped nanographene to easily tune its properties.
The team examined the fluorescent properties of water-soluble warped nanographene. They found
that under ultraviolet light, the molecule fluoresced yellow when dissolved in water, and fluoresced
green when mixed in the common organic solvent dichloromethane. The new nanographene showed
high photostability, meaning that its properties do not change when exposed to light. Rather, the color
of fluorescence changes according to the polarity of the solvents that they are dissolved in.
Next, Itami’s team collaborated with ITbM’s biologists to test if the new molecule could stain live cells
for fluorescent cell imaging. They treated HeLa cells, a strain of cervical cancer cells widely used in
research, with a water-soluble warped nanographene solution. Microscopic observations showed that
the cells took up the molecule over a few hours and it accumulated in the lysosomes, which are
organelles found in cells. Cell viability did not change significantly over time, demonstrating that watersoluble warped nanographene has low cytotoxicity and could be used as a fluorescent stain for HeLa
cells.
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Light-induced cell death in the presence of water-soluble warped nanographenes.
The open circle indicates the positions of blue light irradiation (489 nm, 18 seconds) and the red fluorescence indicates cell
death (propidium iodide, a cell-impermeable nucleic acid staining dye used as a cell death marker) after 30 minutes.

However, the molecule can turn deadly under certain circumstances. When the treated HeLa cells
were irradiated with a blue laser, they exhibited cell death after 30 minutes. Untreated HeLa cells did
not.
“Although our new warped nanographene has low toxicity to HeLa cells, we were surprised to find that
cell death was observed upon irradiating light to the cells stained with the new nanographene,” says
Itami.
The specific mechanism of how this cell death occurs is not clear yet, but the group speculates that a
toxic singlet oxygen molecule is generated during irradiation and is responsible for cell death. Several
other compounds are known to cause photo-induced cell death, but there is still a need to discover
molecules that can absorb longer wavelengths to be safely used to treat cancer cells in deep tissues.
The researchers envisage that their method to functionalize and tune warped nanographenes could
lead to biocompatible molecules that absorb different wavelengths of irradiation.
“We have succeeded in synthesizing a water-soluble warped nanographene showing fluorescence,
good photostability and low cytotoxicity, which makes it promising for bioimaging,” says Itami. “This
achievement is an excellent example showing the output of the extensive collaboration between
chemistry and biology ongoing at our institute. We hope that our molecules can be developed further
for a wide range of biological applications through further interdisciplinary collaborations.”
The outcome of this study not only demonstrates the power of nanocarbons for biological applications,
but also shows the rewarding synergy between synthetic chemistry and biology.
This article “A Water-Soluble Warped Nanographene: Synthesis and Applications for Photoinduced
Cell Death” by Hsing-An Lin, Yoshikatsu Sato, Yasutomo Segawa, Taishi Nishihara, Nagisa
Sugimoto, Lawrence T. Scott, Tetsuya Higashiyama and Kenichiro Itami is published online in
Angewandte Chemie International Edition.
DOI: 10.1002/anie.201713387 (http://dx.doi.org/10.1002/anie.201713387)

JST-ERATO Itami Molecular Nanocarbon Project (http://www.jst.go.jp/erato/itami/index.html)
The JST-ERATO Itami Molecular Nanocarbon Project was launched at Nagoya University in April
2014. This is a 5-year project that seeks to open the new field of nanocarbon science. This
project entails the design and synthesis of as-yet largely unexplored nanocarbons as structurally
well-defined molecules, and the development of novel, highly functional materials based on these
nanocarbons. Researchers combine chemical and physical methods to achieve the controlled
synthesis of well-defined uniquely structured nanocarbon materials, and conduct interdisciplinary
research encompassing the control of molecular arrangement and orientation, structural and
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functional analysis, and applications in devices and biology. The goal of this project is to design,
synthesize, utilize, and understand nanocarbons as molecules.
About WPI-ITbM (http://www.itbm.nagoya-u.ac.jp/)
The Institute of Transformative Bio-Molecules (ITbM) at Nagoya University in Japan is committed
to advance the integration of synthetic chemistry, plant/animal biology and theoretical science, all
of which are traditionally strong fields in the university. ITbM is one of the research centers of the
Japanese MEXT (Ministry of Education, Culture, Sports, Science and Technology) program, the
World Premier International Research Center Initiative (WPI). The aim of ITbM is to develop
transformative bio-molecules, innovative functional molecules capable of bringing about
fundamental change to biological science and technology. Research at ITbM is carried out in a
"Mix Lab" style, where international young researchers from various fields work together side-byside in the same lab, enabling interdisciplinary interaction. Through these endeavors, ITbM will
create "transformative bio-molecules" that will dramatically change the way of research in
chemistry, biology and other related fields to solve urgent problems, such as environmental
issues, food production and medical technology that have a significant impact on the society.
About JST-ERATO (http://www.jst.go.jp/erato/en/about/index.html)
ERATO (The Exploratory Research for Advanced Technology), one of the Strategic Basic
Research Programs, aims to form a headstream of science and technology, and ultimately
contribute to science, technology, and innovation that will change society and the economy in the
future. In ERATO, a Research Director, a principal investigator of ERATO research project,
establishes a new research base in Japan and recruits young researchers to implement his or
her challenging research project within a limited time frame.
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