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Space Research at Hokkaido University

Hokkaido University will mark its 150th anniversary in 2026.
Throughout its long history, the University has conducted research across
diverse fields, and now, its space research is advancing to a new stage.
This special feature, titled “Expand,” introduces three initiatives of
the University’s space research that are expanding beyond the framework
of traditional research disciplines.

Next-Generation Rockets
Drug Discovery Reseai
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Next-Generation Rockets

The future of space exploration pioneered by
Hokkaido University

Rockets have been used to transport artificial satellites, space probes, and
humans from the Earth to outer space. Due to cost constraints, however, . '
the rockets that carry small satellites for research and other purposes are ) EXpand C.
launched on large rideshare rockets, making it difficult to freely choose '
launch timing and target observation areas. To address these challenges,
Professor Harunori Nagata of the Faculty of Engineering continues to
research and develop safe, low-cost, next-generation rockets for small
satellites.
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A 10-minute walk to the explosion-proof test
facility—a rarity worldwide

A shed with a blue roof stands about a 10-minute walk
from the School of Engineering in a location facing the vast
farm on the Sapporo campus. This is the explosion-proof
test facility, where rocket fuel combustion experiments are
conducted. Having a rocket combustion experiment site
within walking distance of a lab is uncommon globally, and
Professor Nagata smiles as he says, “Researchers from other
countries often remark how fortunate we are to have this

environment.”

The snow-covered explosion-proof test facility

Mayuko Tkeda from the School of
Engineering (left) and Mai Fukada from
the Graduate School of Engineering
prepare for an experiment in the
explosion-proof test facility at -2°C

F
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In January, Sapporo is deep in snow, with
snow piled high around the shed and on top of the
squarc silencer designed to muffle the explosive
sound of combustion experiments. Mayuko Ikeda,
a fourth-year student in the School of Engineering
dressed in work clothes and safety boots, is exhaling
white mist from exertion in the cold weather.
She is carrying a self-made metal apparatus for
experiments that weighs about 10 kg into the shed.
Tools hang in rows on the walls of the shed, which
is equipped with a workbench for students to build
their own devices. Blowing into her hands to warm
them up, Ikeda starts making final adjustments to
the apparatus. “No matter how perfectly we think
we've prepared, sometimes it doesn’t ignite or
doesn’t work properly,” she says with a shy smile.
“In such cases, we return to the lab for discussions
among ourselves and we get advice from Professor
Nagata. When the fire finally ignites after many
attempts, 'm delighted.”

Safe, low-cost, next-generation rockets
To break free from the Earth’s gravity and soar into
space, a rocket needs a fuel that provides powerful thrust.
Explosives and liquid hydrogen are commonly used as
rocket fuels, but they have high explosion risks and require
significant costs for safety management. To address this,
Professor Nagata has been researching safer and more
manageable small rockets fueled by petroleum-derived
plastics with high energy density. He has developed the
CAMUI hybrid rocket, which is equipped with solid plastic
fuel and liquid oxygen to supply oxygen to the fuel in the
vacuum of space. Since the first model launched in 2002,
more than 50 more test launches have been conducted.
The launch cost of a CAMUI rocket is less than one-tenth
that of a conventional black powder-fueled small rocket.
Professor Nagata explains the significance of his research:
“If rockets become smaller and safety management costs
fall, we can conduct space exploration more freely.”
Nevertheless, hybrid rockets still face several
challenges and have not yet been commercialized. One
challenge is their weaker thrust than that of conventional
rockets. Professor Nagata’s lab is exploring ways to enhance
the burning rate by optimizing the shape of the plastic fuel.

To space with perforated plastic

“This is the perforated plastic,” says Mai Fukada,
a third-year doctoral student in the Graduate School of
Engineering, as she casually takes a cylindrical plastic block
out of a small pouch. A close look at the end face of the
palm-sized cylinder shows numerous elongated holes, each
about 0.3 mm in diameter. Fukada, who studies ways to
improve the combustion of plastic fuel, is investigating the
optimal conditions for the stable combustion of plastic fuel,
such as how much oxygen should be injected into the ultra-
fine holes. By densely arranging these microscopic holes,
the plastic can be made to burn uniformly from end to
end axially—much like a cigarette—at high speed, making
it possible for high-power rockets to be developed. “If we
can develop rockets that use perforated plastic, I believe
the day when space travel is safe and accessible to everyone

A CAMUI rocket (left) being launched (Courtesy of Harunori Nagata,
Uematsu Electric Co.,Ltd.)

won’t just be a dream,” says Fukada, her eyes shining with
excitement.

Aiming for deep space

Research and development on space has traditionally
been a national enterprise requiring enormous funding. In
recent years, however, private companies and startups have
made forays into this field, developing new technologics
that bring access to space within closer reach. Professor
Nagata’s hybrid rocket technology has been passed on to
Hokkaido University-certified startups such as Mjolnir
Spaceworks Co., Ltd., which aims to mass-produce small
rockets, and Letara Ltd., which develops engines for
small satellites. Both companies were established with
the involvement of graduates from Professor Nagata’s lab,
and he hopes to collaborate with these startups to rapidly
commercialize research results. The goal is to revitalize the
exploration of deep space beyond the Earth’s gravitational

Perforated plastic used as fuel for hybrid rockets

sphere of influence. “For example, the International Space
Station orbits at an altitude of about 300 km, which on a
flat plane would be roughly the distance between Sapporo
and Kushiro. I believe that if research on deep space,
where gravity is negligible, becomes more vigorous, space
exploration will become even more exciting,” says Professor
Nagata, looking to the future.

Hybrid rockets will continue to blaze a trail for space
exploration and transportation.
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A full view of the Kibo Japanese
Experiment Module (JEM)
photographed during a U.S.
spacewalk / International Space
Station (ISS)

Photo date: March 29, 2018 (JST)
(Courtesy of JAXA/NASA)

Drug Discovery Research in Space
A future guided by fruit flies

Researchers in cancer therapeutics have begun to expand their
experimental horizons to space. The main subjects of these space
experiments are fruit flies (Drosophila). With the collaboration
of an astronaut, unprecedented experiments are about to begin.

Space-based drug discovery research inspired
by a single flyer

Professor Masahiro Sonoshita of the Institute for
Genetic Medicine, who uses fruit flies to rescarch cancer
therapeutics, happened to notice a flyer for experimental
equipmentin hislab in 2020. The flyer advertised equipment
that could culture cells while reproducing microgravity
conditions similar to those in space right here on Earth.
Holding the flyer, Professor Sonoshita recalled how, as a
child, he loved anime series like Mobile Suit Gundam and
Space Battleship Yamato and was always fascinated by space.
At that moment, he had a flash of inspiration—perhaps this
equipment could enable him to pursue new experiments on
the small fruic flies he was using in his research, in a space-
like environment.
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Seventy-five percent of the genes involved in the
onset of human discases are also found in fruit flies. By
manipulating these genes, human disease conditions may
be reproduced in flies. Generally, mice are used in cancer
drug research, but fruit flies have a much shorter lifespan—
two to three months, compared to two to three years for
mice—allowing researchers to obtain experimental results
more quickly. In fact, overseas researchers have already
developed thyroid cancer drugs based on experiments
using fruit flies. Focusing on these advantages, Professor
Sonoshita continues his research using fruit flies to
accelerate cancer drug development. “Using fruit flies for
drug discovery research is already unusual,” he says, “but
I’d always thought that if we could add another dimension,
it would increase the uniqueness of our work. That’s where



the space element fits in, giving birth to one-of-
a-kind research. The thrill of research is doing
what no one else has done before.”

Taking fruit flies to space

Professor Sonoshita is particularly focused
on pancreatic cancer, which has a low survival
rate and is difficult to treat. For his experiments,
he raised fruit flies engineered to mimic the
genetic mutation patterns of pancreatic cancer
patients in a device that simulates microgravity
for 14 days, starting from the egg stage. He fed
them food containing therapeutic drugs and
examined their survival rates until they emerged
as adults from their pupal stage. The flies raised
under simulated microgravity were found to
have lower survival rates than those raised
in normal gravity, whereas flies raised under
double Earth gravity had higher survival rates.
Aiming to investigate the relationship between
gravity and drug efficacy, Professor Sonoshita
decided to verify these results in space. He
immediately responded to a call for proposals
from the Japan Aerospace Exploration Agency
(JAXA) for experiments using the Kibo Japanese
Experiment Module on the International Space
Station (ISS). His project, titled Determining
the effect of space flight on anticancer drugs, was
selected in fiscal year 2020. “Understanding
the relationship between gravity and drug
efficacy may lead to more effective therapeutic
approaches on Earth,” says Professor Sonoshita.

“In the future, people might live in space. My
goal is to conduct experiments using flies in boch
ground-based and microgravity environments
to help cancer patients on Earth and in space.”

An experiment entrusted to Astronaut Onishi
In August 2024, JAXA Astronaut Takuya Onishi
visited Professor Sonoshita’s lab. Entering the lab, which
was filled with the sweet-sour aroma of the feeding mixture
for fruit flies, Onishi was guided into a white mosquito net
enclosure where he examined fruit flies under a microscope.
“Seeing them up close like that was fascinating,” Onishi
said with a smile. “It changed my perspective on flies.”
Onishi, who is scheduled for a long-term stay on the ISS
starting in March 2025, will conduct Professor Sonoshita’s
fruit fly experiment as one of his missions. The experiment
involves breeding fruit flies in rearing cases inside the Kibo
module, feeding space-born larvae with drug-containing
food, and examining their survival rates and the mechanisms
behind differences in drug efficacy. According to JAXA,
this will be the first attempt to breed living organisms in
space and administer medication to them. Onishi asked
how to use the palm-sized transparent rearing cases with
dividers that will be used for the experiment, and inquired
earnestly about precautions to take during the procedure.
“I'll be the eyes and hands of the researchers, carrying out
the tasks they want accomplished in space,” said Onishi,
showing his enthusiasm. “I'm really glad I was able to hear
directly from the researchers about the experiment, and I

Top: The microscope used to observe
fruit flies for cancer drug research
Righe: A fruit fly used in the
research (Courtesy of Masahiro
Sonoshita)

Astronaut Takuya Onishi is guided into a white mosquito net enclosure in the lab
of Professor Masahiro Sonoshita (left)

want to meet their expectations.”

Countdown to space begins

With the launch of experimental equipment separately
scheduled for June 2025 or later, preparations for the
experiment are entering their final stage. Taiga Hirata,
a second-year doctoral student responsible for ground-
based experiments in Professor Sonoshita’s lab, said
enthusiastically, “When I chose this lab to study cancer, I
never imagined I'd be involved in space experiments. Space
experiments come with many constraints and demanding
preparations, but the opportunity to collaborate with people
from different fields has been truly exciting.” Professor
Sonoshita shared his outlook: “Astronaut Onishi’s visit has
reinforced our sense of unity as a team working toward
a common goal. While cancer is difficult to eradicate,
controlling it effectively could improve patient quality of
life, and developing strategies to achieve this is our mission.
I hope our space experiments will contribute to a better
understanding of the mechanisms of this disease.”
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Using micro-satellites to save banana plantations the world have been plagued by a new strain of Fusarium

Professor Yukihiro Takahashi of the Faculty of Science wilt, a fungal infection that causes trees to wither and die.
specializes in remote sensing technologies deployed on In the Philippines, a major banana-producing region, the
micro-satellites. The micro-satellites developed by Hokkaido annual economic damage is said to amount to tens of billions
University weigh about 50 kg and are distinguished by of yen. The Fusarium wilt disease can be diagnosed from
their small size, light weight, and low cost. Their ability to the discoloration of banana leaves, but there are limitations
conduct obscrvations optimized for specific needs makes to thoroughly inspecting vast plantations by humans
them promising tools for agriculture, environmental alone. Therefore, with the cooperation of banana farmers
conservation, and disaster management. The micro-satellites in the Philippines, researchers investigated the specific
are equipped with instruments that can separate and detect wavelengths that can identify infected leaves and devised
light of various wavelengths. Professor Takahashi aims to a system that uses these wavelengths to observe plantations
develop high-precision ‘eyes’ that can observe the Earth from micro-satellites to detect incipient disease outbreaks.
from space and to use them to help solve global issues. In 2016, Hokkaido University, Tohoku Universi

One global issue being addressed using micro-satellites
is related to bananas. In recent years, banana farmers around
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