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USC, JPL to launch fungi in quest to
develop space meds

Researchers team up in search for novel therapeutics that may eventually helf
astronauts better deal with the side effects of space travel

BYZen Vuong
MARCH 28, 2016

Clay Wang and Kasthuri Venkateswaran will launch fungi into space to potentially develop new
medicine for use both in space and on Earth. (Photo/Gus Ruelas)

Researchers at USC and NASA’ Jet Propulsion Laboratory say they will be the first team in the world
to launch fungi into space for the purpose of potentially developing new medicine for use both in space an

on Earth.

Certain types of fungi produce very important molecules called secondary metabolites that are not essentia
for their growth or reproduction but can be used to make beneficial pharmaceuticals. Examples of
secondary metabolites include the antibiotic penicillin and the cholesterol-lowering drug lovastatin.

The stressful environment of the International Space Station (ISS) could trigger changes in physiological
responses (such as gene expression) and metabolism of a well-studied fungus called Aspergillus nidulans,
said Clay Wang, a professor of pharmacology and pharmaceutical sciences and chemistry at the USC
School of Pharmacy and the USC Dornsife College of Letters, Arts and Sciences.
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“The high-radiation, microgravity environment in space could promptdspergillus nidulans to produce
molecules it doesn’t create in Earth’s less stressful conditions,” said Wang, who heads the USC-JPL
collaborative study. “We’ve done extensive genetic analysis of this fungus and found that it could potentiall
produce 40 different types of drugs. The organism is known to produce osteoporosis drugs, which is very
important from an astronaut’s perspective because we know that in space travel, astronauts experience bons

loss.”

Space specimen

USC and JPL researchers will send specimens of Aspergillus nidulans to the International Space Station
aboard the SpaceX CRS-8 mission. A Falcon 9 rocket is scheduled to launch from Cape Canaveral Air
Force Station in Florida at 1:43 p.m. PDT on April 8. This will be SpaceX’s first Cargo Resupply Services
flight since CRS-7 exploded 139 seconds into flight on June 28, 2015.

Based on current, Earth-based research, USC scientists said molecules fromAspergillus nidulans have the
potential to be used in anti-cancer, anti-fungal and Alzheimer’s disease studies. As a leading research
university, USC is uniquely equipped to address these intractable problems both on Earth and perhaps

beyond.

Kasthuri “Venkat” Venkateswaran, senior research scientist at JPL and co-principal investigator in this
study, said the new compounds that might be produced in space could be valuable for humankind.

This is an ambitious project for NASA to see if we could have
some breakthrough in space biology.

Kasthuri Venkateswaran

“This is an ambitious project for NASA to see if we could have some breakthrough in space biology,”
Venkat said. “Until now, we have sent bacteria and yeast to the ISS. We have also exposed fungi to facilitie
outside ISS, but this is the first time we are growing fungi inside ISS to seek new drug discovery. NASA
needs to develop self-sustaining measures to keep humans healthy in space because calling 911 is not an

L »
option.

Wang’s lab and others have found that when fungi are put in stressful conditions, silent secondary
metabolite pathways are turned on. Aspergillus nidulans has been used as a genetic model in fungal researcl

and its genome was the first to be sequenced.

‘Fungal Rosetta Stone’

Woang began focusing his research on this “fungal Rosetta Stone” in 2005 and has been able to link about
30 percent of its secondary metabolites genes with the potential bioactive products they produce. His lab
has yet to unlock and mine cryptic pathways that could prove to be useful therapeutics.
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“These drug-producing organisms do not make all the drugs they can make,” Wang said. “In most cases,
the drug-producing pathways are silent. They only make the drugs when they need to.”

Four different Aspergillus nidulans strains will be stored at 4 degrees Celsius (39.2 degrees Fahrenheit) and
placed in the payload of SpaceX CRS-8. Once the spacecraft reaches the ISS, the fungi will be placed in
ideal growth conditions at 37 degrees Celsius (98.6 degrees Fahrenheit), where they will remain for either
four or seven days. Then the fungal payload will be cooled to 4 degrees Celsius. After splashdown in May,
the samples will be returned to USC, enabling Wang and his team to analyze the data with a control

sample grown on Earth.

“This is the first project where we see an intersection between pharmaceutical science and space
exploration,” Wang said. “Drugs have an expiration date. NASA’s human mission to Mars is expected to
last anywhere from one to three years. Not all drugs are going to be stable in that time period, so the ability
to make drugs in space will enable us to go further away from Earth and will also benefit future space

explorations.”

NASA’s Space Biology Program, which aims to uncover new basic knowledge that could equip the agency
for human space exploration, provided USC and JPL $600,000 for this study. USC School of Pharmacy
doctoral students Jillian Romsdahl and Adriana Blachowicz participated in this project.

https://news.usc.edw/93178/usc-jpl-to-launch-fungi-in-q uest-to-devel op-space-meds/ 313
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JPL, USC Researchers Sending Fungi into
Space
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Clay Wang and Kasthuri Venkateswaran will launch fungi into spa' to otentially develop new medicine for use both in space and on
Earth. Photo: USC News / Gus Ruelas

Researchers at USC and NASA’s Jet Propulsion Laboratory in
Pasadena say they will be the first team in the world to launch fungi
into space for the purpose of potentially developing new medicine for
use both on Earth and in space.

USC News says USC and JPL researchers will send specimens of
Aspergillus nidulans, a well-studied variety of fungus, to the
International Space Station aboard the SpaceX CRS-8 mission. A
Falcon 9 rocket is scheduled to launch from Cape Canaveral Air
Force Station in Florida at 1:43 p.m. PDT on April 8, 2016.

“This is an ambitious praoject for NASA to see if we could have some
breakthrough in space biology,” says Kasthuri “Venkat”
Venkateswaran, senior research scientist at JPL and co-principal
investigator in the study. “Until now, we have sent bacteria and
yeast to the ISS. We have also exposed fungi to facilities outside ISS,
but this is the first time we are growing fungi inside 1SS to seek new
drug discovery. NASA needs to develop self-sustaining measures to
keep humans healthy in space because calling 911 is not an option.”
The launch will be SpaceX’s first Cargo Resupply Services flight since

http://www.pasadenanow.comymain/jpl-usc-researchers-sending -fungi-into-space/#.VwsLT96Uk 13
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CRS-7 exploded 139 seconds into flight on June 28, 2015.

The USC News report said certain types of fungi produce very
important molecules — called secondary metabolites — that are not
essential for their growth or reproduction but can be used to make
beneficial pharmaceuticals. Examples of secondary metabolites are
the antibiotic penicillin and the cholesterol-lowering drug lovastatin.
Clay Wang, Professor of pharmacology and pharmaceutical sciences
and chemistry at the USC School of Pharmacy and the USC Dornsife
College of Letters, Arts and Sciences, says the stressful environment
of the International Space Station (ISS) could trigger changes in
physiological responses and metabolism of the fungus.

“The high-radiation, microgravity environment in space could
prompt Aspergillus nidulans to produce molecules it doesn’t create in
Earth’s less stressful conditions,” Wang, who heads the USC-JPL
collaborative study, told USC News. “We’ve done extensive genetic
analysis of this fungus and found that it could potentially produce 40
different types of drugs.”

The organism is known to produce osteoporosis drugs, which is very
important from an astronaut’s perspective because in space travel,
astronauts experience bone loss, Wang adds.

Based on current Earth-based research, USC scientists said
molecules from Aspergillus nidulans have the potential to be used in
anti-cancer, anti-fungal and Alzheimer’s disease studies.

Wang began focusing his research on this “fungal Rosetta Stone” in
2005 and has been able to link about 30 percent of its secondary
metabolites genes with the potential bioactive products they
produce. His lab has yet to unlock and mine cryptic pathways that
could prove to be useful therapeutics.

“These drug-producing organisms do not make all the drugs they
can make,” Wang said. “In most cases, the drug-producing pathways
are silent. They only make the drugs when they need to.”

For this mission, four different Aspergillus nidulans strains will be
stored at 4 degrees Celsius (39.2 degrees Fahrenheit) and placed in
the payload of SpaceX CRS-8. Once the spacecraft reaches the ISS,
the fungi will be placed in ideal growth conditions at 37 degrees
Celsius (98.6 degrees Fahrenheit), where they will remain for either
four or seven days. The fungal payload will then be cooled to 4
degrees Celsius.

After splashdown in May, the samples will be returned to USC,
enabling Wang and his team to analyze the data with a control
sample grown on Earth. Wang said this is the first project where an
intersection between pharmaceutical science and space exploration is
applied.

“Drugs have an expiration date,” Wang said. “NASA’s human mission

to Mars is expected to last anywhere from one to three years. Not all

http://www.pasadenanow.comvmain/jpl-usc-researchers-sending -fungi-into-space/#. VwsLTfi96Uk 2/3
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drugs are going to be stable in that time period, so the ability to

make drugs in space will enable us to go further away from Earth

and will also benefit future space explorations.”

NASA’s Space Biology Program, which aims to uncover new basic

knowledge that could equip the agency for human space exploration,

provided JPL and USC $600,000 for this study.

USC School of Pharmacy doctoral students Jillian Romsdahl and

Adriana Blachowicz participated in this project.
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Scientists are sending fungi nto
space 1n the hope of developing new
medicines

Clay Wang, professor of pharmacoleogy at USC, left, and Kasthuri
Venkateswaran, a senior research scientist at JPL, will be part of the first team in
the world to launch fungi into space for the purpose of potentially developing new
medicines. (Gus Ruelas / USC School of Pharmacy)

.

’ . Deborah NetburnContact Reporter

Scientists are sending four strains of fungi to the International Space Station to see
what happens when the tiny organisms contend with the stress of microgravity and

space radiation.

It's not just for kicks. Researchers say that putting these fungi in an extraterrestrial
environment could cause them to produce new medicines for use on Earth and
perhaps even on long-term space missions.

http:/fwww.latimes .com/science/sciencenow/la-sci-sn-fungi-medicines-space-20160329-story.html 1/4
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The work is one of the first to look at the intersection of pharmaceutical science and
space exploration said principal investigator Clay Wang, a professor of pharmacology
at USC.

Most of us think of fungus as something we don't want
around -- not on our feet, not on our food and not on
our plants. But some members of the vast fungi
kingdom have been hugely beneficial to humans.

See the most-read stories in
Science this hour >>

Decades ago, scientists discovered that certain species of fungi create molecules called
secondary metabolites to help combat stressful situations. By harvesting these
molecules, researchers have been able to make new and important drugs that have

changed the trajectory of medicine.
See more of our top stories on Facebook > >

The most famous of these is penicillin, an antibiotic produced by members of

the Penicillium genus when they are exposed to bacteria. Penicillin's bacteria-fighting
properties were discovered by the Scottish pharmacologist Alexander Fleming in 1928,
and the drug is now used throughout the world to fight infectious diseases.

Other fungi-produced medicines include the cholesterol-lowering drug lovastatin and
the anti-fungal griseofluvin. Researchers are also looking into whether other
secondary metabolites might also be used to fight cancer,

osteoporosis and Alzheimer's disease.

Scientists are sending four strains of fungi to the International Space Station in
the hope of finding new medicines for use on Earth, (NASA)

hitp:/Awww.latimes .com/science/sciencenow/la-sci-sn-fungi-medicines-space-20160329-story.htmi
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Wang has used genome sequencing to show that Aspergillus nidulans, one of the most
studied fungi, has 40 different drugmaking pathways. However, most of them are

never "turned on."

"In nature, fungi only make what they need to respond to their environment,"
Wang said. "These pathways are like a set of tools or weapons in their arsenal, and

most of the time they are not in use."

At his lab at USC, Wang and his students grow fungi in 60 different "stressful"
environments, in an effort to coax the organisms to create new medicines that have
never been seen before. But the only way to expose fungi to the stressors of a space
environment is to send them off the planet.

To do that, Wang partnered with Kasthuri Venkateswaran, a microbiologist at the Jet
Propulsion Laboratory in La Cafiada Flintridge who studies microbes in space.
Venkateswaran said NASA has previously sent bacteria and yeast to the International
Space Station, but this is the first time the space agency would be deliberately growing
fungi inside the space laboratory.

On April 8, four different strains of the fungiAspergillius nidulans will launch aboard a
Falcon g rocket from the Cape Canaveral Air Force Station in Florida. They are
scheduled to return to Earth on May 10.

The actual experiment will last just three to seven days. One of the benefits of working
with this particular fungi is that its growth can be controlled by temperature. For most
of its time in space, the fungi will be stored at a cool 39.2 degrees Fahrenheit. When
the experiment begins, the fungi will be placed in an ideal growth condition of 98.6

degrees Fahrenheit.

At the same time, the same four strains of the fungi will
be grown on Earth to serve as a control.

The research team, which includes USC School of

Pharmacy doctoral students Jillian Romsdahl and
. S Adriana Blachowicz, hope to get the fungi that

Scientists synthesize the journeyed to space back to the lab for testing by the

i >
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shortest known genome middle of May.

necessary for life
One of the team's hypotheses is that the extraterrestrial

fungi will produce molecules to protect them from space
radiation that they do not need to produce when they are living on Earth.

"We know if there is high radiation, they will adapt, but we are not sure what that
adaptation will be," Wang said.

When the space fungi samples return, the researchers will analyze what secondary
metabolites they produced, as well as what genetic regulators or "switches" the
fungi used to activate the genes that produce those metabolites. Once the scientists
know that, they can genetically manipulate the organism into producing those same
metabolites back home.

"The lessons we will learn in space will be brought to Earth," Wang said.

Although it is still unclear exactly what those lessons will be, the researchers are
confident they will learn something.

"Even if it doesn't make something new, I know it will make more or less of something
in space, and that will allow us to figure out how to amplify a drug or make less of
something we don't want," he said. "This is one of those great experiments with no bad

answer."

Do you love science? I do! Follow me @DeborahNetburn on Twitter and
"like" Los Angeles Times Science & Health onFacebook.

MORE FROM SCIENCE
To maximize speed-dating success, uncross those arms and take up space
Yosemite's granite cliffs are 'breathing,' and heat can make them fall

Petition demands Navy stop removing Indian artifacts from California's
'Island of the Blue Dolphins'

Copyright © 2016, Los Angeles Times
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Fungi In Space Station May Pave Way For New

Medicines, Cheaper Drugs

By Rhod: Lee, Tech Times | March 30, 9:14 PM

Researchers will send fungi into
space for an experiment that may
help change how medicines are
produced.

Researchers from the National
Aeronautics and Space
Administration (NASA) and the
University of Southern California
(USC) hope that the environment
at the International Space Station

NASAand USC will send four strains of Aspergillus
nidulans fungus to lhe ISS. The fungi experiment could
pave way for new medicines that can treal cancer,
Alzheimer's and osleoporosis.

(Photo : Gus Ruelas | USC)

(ISS) marked by low gravity and
high radiation would stress the
fungi to develop new
characteristics that have not yet
been observed on Earth.

Fungi make useful medicines when
they are stressed out. Penicillin and
other drugs, for instance, come from
secondary metabolites of fungi. These
are side products that the organisms
do not need for everyday survival but
they produce under stressful
conditions.

"In nature, fungi only make what they
need to respond to their
environment," said Clay Wang, from
the USC School of Pharmacy. "These
pathways are like a set of tools or

weapons in their arsenal, and most of the time they are not in use.”

The researchers believe the harsh environment on the ISS, which orbits about 200
miles above Earth, could trigger fungi response that might create a compound that
can help fight diseases such as cancer and osteoporosis, or may help reduce the

cost of medicine production.

Wang cited how conditions in space can prompt the fungus strain Aspergillus
nidulans to produce molecules it would not otherwise create whenitis ina less
stressful environment. Based on research, molecules from Aspergillus nidulans have
potential use as treatment for cancer, fungal infection and Alzheimer’s disease.

"We've done extensive genetic analysis of this fungus and found that it could
potentially produce 40 different types of drugs,” Wang said. "The organism is known
to produce osteoporosis drugs, which is very important from an astronaut's
perspective because we know that in space travel, astronauts experience bone

loss."

hitp:/fwww.techtimes.comvarticles/145075/20160330/fungi-in-space-station-may-pave-way-for-new-medicines-cheaper-drugs.htm
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Four different strains of Aspergillius nidulans will be sent to space aboard a Falcon 9
rocket, which is set for launch on April 8. These will be brought back to Earth on May
10 as the actual experiment will last only up to seven days.

The experiment called Micro-10 will also allow NASA to learn more about making
medicines for long-term space missions such as the planned manned Mars mission
in 2030. The space agency needs to have self-sustaining measures to keep
asfronauts healthy during long space joumeys

http:/imwww.techtimes.com/articles/145075/20160330/fungi-in-space-station- may- pave-way-for-new-medicines-cheaper-drug s .htm
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Nasa attempts to make
‘'superdrugs’ in space using
FUNGUS: Agency reveals
plans to create new
medicines on board the ISS

« The stressful environment of space could trigger changes in fungus
« Nasa plans to send Aspergillus nidulans to the space station on April 8
« Could be used in anti-cancer, anti-fungal and Alzheimer's disease studies

By ELLIE ZOLFAGHARIFARD FOR DAILYMAIL.COM
PUBLISHED: 20:45 GMT, 31 March 2016 | UPDATED: 21:02 GMT, 31 March 2016

42 14
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When fungi are put under pressure, they can sometimes produce useful drugs, like
penicillin.

Now scientists want to find out just how many drugs fungi can produce by putting them in
one of the most stressful places possible; the International Space Station.

Certain types of fungi produce molecules called secondary metabolites that are not
essential for their growth, but for some unknown reason, can produce medicine.

http:/Amww.dailymail .co.ukisciencetech/article-3518041/N asa-attempts-make-drug s-space-using -FUN GUS-Agency-reveals-plans-create-new-medicines-bo...  1/5



2016/4/11 Nasa attempts to make drugs in space using FUNGUS on board the ISS | Daily Mail Online

o) NASA,Com.s o

When fungi are put under pressure, they can produce useful drugs, like penicillin. Now
scientists want to find out just how many drugs fungi can produce by putting them in one
of the most stressful places possible the International Space Station

Scientists suspect the stressful environment of the ISS could trigger changes in
physiological responses of fungus called Aspergillus nidulans.

The work is being undertaken jointly by researchers at the University of Southern
California (USC) and Nasa.

"The high-radiation, microgravity environment in space could prompt Aspergillus nidulans
to produce molecules it doesn't create in Earth's less stressful conditions,' said Clay
Wang, a professor of pharmacology at USC.
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'We've done extensive genetic analysis of this fungus and found that it could potentially
produce 40 different types of drugs.

"The organism is known to produce osteoporosis drugs, which is very important from an
astronaut's perspective because we know that in space travel, astronauts experience bone

loss.'
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USC and Nasa researchers will send specimens of Aspergillus nidulans to the International
Space Station aboard the SpaceX CRS-8 mission.

© Wikimedia

Scientists suspect the stressful environment of the ISS could trigger changes in
physiological responses of fungus called Aspergillus nidulans (pictured). The work is
being undertaken jointly by researchers at the University of Southern California (USC)
and Nasa

A Falcon 9 rocket is scheduled to launch from Cape Canaveral Air Force Station in
Florida at 1:43pm PDT on Apiril 8.

This will be SpaceX's first Cargo Resupply Services flight since CRS-7 exploded 139
seconds into flight on June 28, 2015.

Based on current, Earth-based research,
USC scientists said molecules from
Aspergillus nidulans have the potential to be
used in anti-cancer, anti-fungal and

Alzheimer's disease studies. Tim Peake is currently sharing the
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Kasthuri Venkateswaran, senior research
scientist at JPL and co-principal investigator
in this study, said the new compounds that
might be produced in space could be
valuable for humankind.

"This is an ambitious project for Nasa to see
if we could have some breakthrough in space
biology,' Venkateswaran said.

'Until now, we have sent bacteria and yeast
to the ISS.

'We have also exposed fungi to facilities
outside ISS, but this is the first time we are
growing fungi inside 1SS to seek new drug
discovery.

'Nasa needs to develop self-sustaining
measures to keep humans healthy in space
because calling 911 is not an option.’

Wang's lab and others have found that when
fungi are put in stressful conditions, silent
secondary metabolite pathways are turned
on.

Aspergillus nidulans has been used as a
genetic model in fungal research and its
genome was the first to be sequenced.

Wang began focusing his research on this

Nasa attempts to make drugs in space using FUNGUS on board the ISS | Daily Mail Online

International Space Station (ISS) with a
community of innocuous bacteria - as
well as astronauts.

But it's a collection of 48 harmless
strains that were previously kept on
board the space lab that are fascinating
scientists.

Researchers have found that not only do
the bacteria seem to have adapted to life
in microgravity, but one seems to have
preferred it to its Earthly environment.

A strain of bacteria collected in Florida

grew 60 per cent better in space than in
control colonies on Earth - but why is a
mystery.

The bacteria is known as Bacillus
safensis JPL-MERTA-8-2.

Experts are interested on the adaptation
of bacteria in space because they want
to gain an understanding of how Earthly
bacterial hitchhikers may be a risk to
astronauts’ heath during long future
space missions and potentially even
habitats on the moon or Mars.

'fungal Rosetta Stone' in 2005 and has been able to link about 30 percent of its secondary
metabolites genes with the potential bioactive products they produce.

His lab has yet to unlock and mine cryptic pathways that could prove to be useful

therapeutics.
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Clay Wang, a professor at USC School of Pharmacy, and Kasthuri 'Venkat' Venkateswaran,
senior research scientist at Nasa, will be the first team in the world to launch fungi into

space for drug discovery purposes

"These drug-producing organisms do not make all the drugs they can make,' Wang said.
'In most cases, the drug-producing pathways are silent. They only make the drugs when
they need to.'

Four different Aspergillus nidulans strains will be stored at 4 degrees Celsius (39.2
degrees Fahrenheit) and placed in the payload of SpaceX CRS-8.

Once the spacecraft reaches the ISS, the fungi will be placed in ideal growth conditions at
37 degrees Celsius (98.6 degrees Fahrenheit), where they will remain for either four or

seven days.
Then the fungal payload will be cooled to 4 degrees Celsius.

After splashdown in May, the samples will be returned to USC, enabling Wang and his
team to study the data with a control sample grown on Earth.

'Not all drugs are going to be stable in that time period, so the ability to make drugs in
space will enable us to go further away from Earth and will also benefit future space
explorations,' said Wang.

http:/Awww.dailymail .co.uk/sciencetech/article-3518041/N asa-attempts-make-drug s-space-using -F UNGU S-Ag ency-reveals-plans-create-new- medicines-bo. ..
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