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- Hypothermia as a risk factor for
Sps | memory consolidation

B “m.  OBFZEMEERE Michael Lazarus (Principal Investigator, International Institute for
Y Integrative Sleep Medicine, University of Tsukuba)

¢

Hypothermia caused by hibernation, suspended animation, therapeutic hypothermia or cold environment has been suspected to
adversely affect memory function, but the mechanisms linking body temperature and memory formation are poorly defined (Fig. 1).
We discovered that activation of neurons in the preoptic area induces hypothermia and impairs fear memory. Therefore, we are
investigating how the preoptic area neurons regulate the formation and consolidation of memories in the amygdala or hippocampus.
We use intraperitoneal telemetry implants for the thermal
detection of body temperature changes. Moreover, we Hypol' ermiq
determine “freezing” behavior after fear conditioning by
foot shock as a measure of the memory of a traumatic
event or the ability of mice to navigate in a water or radial Memo ry
arm maze as a measure of spatial memory. Specifically, we
are investigating by using chemogenetic methods and in- 0
vivo Ca imaging whether preoptic area neurons control
fear memories in the amygdala, a well-known center in the
brain for the expression of fear. We are also investigating :
whether the expression of fear can also be suppressed by Impaired fear memory Impaired spatial memory?

pharmacologically or physically cooling the body of mice (e.g. J_e J-e
hypothermia-inducing drugs or cold environment). Finally,

Morris water navigation task

Post traumatic stress Navigation skills

we are investigating the risk of chemogenetic activation of
preoptic area neurons or body cooling for hippocampus- m

dependent (i.e. spatial) memories.
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#H B2 £ : Dr. Qi Xu (Department of Physiology, Anhui Medical University)
AEEIZFT © WPI-International Institute for Integrative Sleep Medicine, University of Tsukuba

From June 1, 2017 to August 31, 2017. Dr. Qi XU from the Department of Physiology, Anhui Medical University,
was working with Associate Professor Michael Lazarus at the WPI-International Institute for Integrative Sleep
Medicine, University of Tsukuba.

Dr. Xu focuses on the neuronal circuits by which the brain regulates the body temperature, cognitive functions,
and even the sleep and wakeful consciousness. Employing the innovative genetically or chemically engineered
systems (optogenetics and chemogenetics), he wants to find out the neuronal circuits of defined sets of neurons
with neurobehavioral and electroencephalographic outcomes in behaving animals.

Astronauts suffer serious health risks, such as insomnia and core body temperature increase while in space, and
which could be putting their lives in danger. Previous studies found that the astronauts' core body temperature
increases by roughly 1 °C on long-duration missions. An elevated body temperature impairs physical and cognitive
performance, and on average astronauts get less than six hours sleep a night on orbiting space shuttles, which may
even induce a mild state of systemic inflammation.

The nucleus accumbens (NAc) comprises a contingent of neurons specifically expressing the postsynaptic
Ajs-receptor (A,R) subtype making them excitable by adenosine, the endogenous AR agonist endowed with
powerful sleep-promoting properties. Dr. Xu and colleagues manipulated NAc A,,R-expressing neurons by using
both optogenetics (for an acute activation) and chemogenetics (for a long-lasting activation), activation of A,\R-
expressing neurons in NAc promotes slow-wave sleep by increasing the number and duration of episodes (Fig.
1). And they found that the role in sleep played by A,sR-expressing neurons within NAc core is mediated by their

inhibitory projections to GABAergic ventral pallidum neurons.

— 0 1

Finally, their results showed that in presence of positive stimuli 25]'“"“'”"0"‘9"3’ R
ex
(tasty food, female littermates), animals spent likely more time = EEGO 1200 pV
. . . 1%0 uv
awake in depend of time in slow-wave sleep. S};‘Ee _—
REM] |
SWS
Reference: Yo Oishi, Qi Xu, Lu Wang, Bin-Jia Zhang, Koji Takahashi, Yohko . NAc-ChR2

Takata, Yan-Jia Luo, Yoan Cherasse, Serge N. Schiffmann, Alban de Kerchove w =

d’Exaerde, Yoshihiro Urade, Wei-Min Qu, Zhi-Li Huang, Michael Lazarus. Slow- EMG  vtete g [
Wake -
wave sleep is controlled by a subset of nucleus accumbens core neurons in E\EVNSH]
I L] T 1
mice. Nature Communications, doi: 10.1038/s41467-017-00781-4. 21:00 22:00 - 23:00 24:00
Clock time

Fig.1 Optogenetic stimulation of A,,R neurons in

the NAc evoked a rapid and robust sleep response.
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8 B & : DLR team: Dr. Bahar Djouiai (visiting scientist, Co-1) & Dr. Ralf Moeller (PI)
AEEIZFT © German Aerospace Center (DLR), Institute of Aerospace Medicine, Radiation Biology

Department, Space Microbiology Research Group, Cologne (Germany)

Experiment / project name: Visualization of the DNA strand break repair by non-homologous end joining and homologous recombination in
low and high LET irradiated Bacillus subtilis spores (insight-REPAIR) [HIMAC Project no. 15J410]

Beam time (date and heavy ions):
1) January 26™ 2018 (22:00 — 30:00 (10:00 p.m. - 06:00 a.m.)), Argon Ar 500 MeV/n (LET 90 keV/um)
2) January 28", 2018 (22:00 - 28:00 (10:00 p.m. — 04:00 a.m.)), Helium He 150 MeV/n (LET 2 keV/um)
3) January 30", 2018 (22:00 — 30:00 (10:00 p.m. — 06:00 a.m.)), Iron Fe 500 MeV/n (LET 200 keV/um)

Aim and scope of experiment: /In-depth knowledge regarding the biological effects of the radiation field in space is required for assessing
radiation risks to humans in space. To obtain this knowledge, microorganisms, plants, and animals have been studied as radiobiological model
systems in space and at heavy ion accelerators on the ground. In a variety of space experiments, spores of Bacillus subtilis have been used as
biological dosimeters at the um scale to determine radial biological efficiency along the trajectories of individual HZE particles. DNA double-strand
breaks (DSBs) are the most severe type of damage induced by HZE particles in microorganisms. Microorganisms possess several mechanisms
to repair DNA DSBs induced by HZE particles. Because high energy charged particles (HZE) particles are considered as important components
among the cosmic rays, causing high levels of radiobiological damage, studies on biological effects of HZE particles of GCR in space as well as
of accelerated heavy ions at ground based facilities are useful for the estimation of the biological influences of space radiation environments.
In insight-REPAIR it is aimed to gain new insights in activity, speed and accuracy of non-homologous end joining (NHEJ)- and RecA-mediated
recombinational repair during the germination in time-lapsed manner using fluorescence microscopy (e.g., foci kinetic analysis).

DNA DSB repair via
non-homologous end joining

lonizing
radiation

RecA-dependent spore revival

Visualization of the DNA strand break repair in

B. subtilis.

Highlight results: Spore survival data altogether suggest
that both Ku and RecA play an active role in spore recovery
after irradiation with He or Fe ions, but how these processes
are regulated is poorly understood. To gain insight into the
mechanisms that influence the selection of NHEJ and how this process is regulated during spore revival, the fates of Ku-GFP (initial player in NHEJ)
and RecA-YFP (central player in HR) were studied upon spore revival. To study the role of Ku and RecA in the presence of pre-existing DSB, mature
spores were exposed to heavy ion radiation, and upon synchronizing revival time-course microscopy was employed to track Ku-GFP or RecA-YFP
variants. After irradiation mature ku-gfp spores showed survival curves similar to wild-type, indicating the presence of a functional protein fusion.
Ku-GFP foci were located in the center of the spore core, where the DNA is found.

Activity of ogous end joining (NHEJ)-mediated repair
fluorescent microscopy.

Upon exposure to an array of molecules that trigger germination, the spore undergoes rehydration. A characteristic step ensuing with spore
rehydration is the transition from a phase-bright to a phase-dark spore, which can be observed by phase contrast microscopy. After the phase-
transition, no morphological change was evident 60 min into spore revival (germination and ripening period), but at 90 min into revival, cell and
nucleoid size increased (outgrowth period). Ku-GFP foci formation was observed in spores treated with all tested doses of He ions and increased
dose-dependently. When mature spores were exposed to a dose of 100 Gy, which only reduced ~20% spore viability, Ku-GFP formed a discrete
focus in ~27% of ripening spores (30 min). The number of DSBs when mature spores were exposed to 100 Gy of He ion radiation is unknown. Ku-
GFP foci formation peaked at 60 min (~43%) to decrease at later times (bell-shaped curve), suggesting that Ku activity and/or recruitment to DSBs
was positively (during ripening) and negatively (during outgrowth and transition to vegetative cells) regulated by unknown (a) factor(s).

Here, we propose that NHEJ is favored for DSB repair in the absence of replication, provided that Ku levels are high. By contrast, low Ku and
increased RecA levels contribute to recombination-dependent DNA replication. Additional work on the precise level of the heavy ion irradiation-
induced spore DNA damage is required to obtain a complete understanding on spore resistance to space radiation.
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8 B %& : Dr. Dylan Buglewicz (Colorad State University, U.S.A)

Over the last month here at NIRS we have conducted experiments utilizing the carbon ion beam (June 20) as
well as the iron ion beam (June 13). Our experiments have investigated the radiosensitizing effects of the transition
metals copper or cobalt on purified double stranded DNA (dsDNA) and purified single stranded DNA (ssDNA) as
well as on cell survival using the Chinese hamster ovary (CHO) cell line. Furthermore, we have investigated how

these effects may vary when irradiated via carbon ion or the iron ion beams under consistent initial dosages.

The premise behind these experiments comes from how ionizing
radiation can induce DNA damage, as it can work directly or indirectly.
Direct action, in which ionizing radiation is believed to be most responsible
action for inducing dsDNA breaks, this involves ionizing secondary electrons
being produced by the incident radiation that then cleaves the chemical
bonds. Indirect action involves the incident radiation produces free radicals,

hydroxyl radicals, via ionization of the surrounding water molecules that

results in DNA damage. However, these hydroxyl radical formations are not

only unique to radiation, the hydroxyl attack from the radiolysis of water is
identical to that of spontaneously occurring biological events.

We thus postulated that incorporation of a transition metal would increase this indirect action of the high LET
carbon ion beam, therefore enhancing the beams ability to induce DNA damage. The addition of a transition metal,
such as copper or cobalt, would do so via the Fenton reaction. The Fenton reaction involves the oxidation of the
transition metal to create a hydroxyl radical and a hydroxide ion, thus increasing the concentration of the hydroxyl
radical formation within the cell.

We have also investigated how the biological lethal dose distribution may vary when irradiated with the
monoenergetic or spread out Bragg peak (SOBP) carbon ion beam in a variation to the commonly used clonogenic
cell survival assay technique we have developed that has allowed us to incorporate the entirety of the carbon ion
beams length in a single system to evaluate how the survival fractions change at different depths in our cell culture
flasks. This technique will help determine the lethal dose range in which the monoenergetic and SOBP carbon ion
beam can induce cell death at increasing initial dosages. Moreover, this technique will allow us to investigate how

far past the Bragg peak the effects of the carbon ion nuclear fragmentation tail is capable of inducing cell death.

Monoenergetic 5088
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8 B & : DLR team: Dr. Nikea J. Ulrich (visiting scientist, Co-I) & Dr. Ralf Moeller (PI)
AEEIZFT © German Aerospace Center (DLR), Institute of Aerospace Medicine, Radiation Biology
Department, Space Microbiology Research Group, Cologne (Germany)

Experiment / project name: Determination of the collaborative efforts and interaction of different mechanisms in the DNA repair of low and high
LET radiation induced damage in Bacillus subtilis spores (CO-REPAIR) [HIMAC Project no. 17J422]

Beam time (date and heavy ions):
1) June 21™, 2018 (22:00 - 30:00 (10:00 p.m. —06:00 a.m.)), Helium He 150 MeV/n (LET 2 keV/um)
2) June 25™, 2018 (22:00 - 30:00 (10:00 p.m. — 06:00 a.m.)), Iron Fe 500 MeV/n (LET 200 keV/um)

Aim and scope of experiment: All terrestrial organisms have evolved mechanisms to maintain genomic integrity in the face of extreme
environmental stresses. One class of microorganisms (the so-called extremophiles) is known to survive extreme environmental (and even
extraterrestrial) conditions including of high doses of ionizing radiation. The results reinforced the notion that survival after high doses of ionizing
radiation does not depend on a single mechanism or process, but instead is multifaceted. Many identified genes affect either DNA repair or the
cellular response to oxidative damage. However, contributions by secondary and even tertiary mechanisms or pathways involved in other key
physiological processes are also evident.

Within the research project CO-REPAIR is aimed to

study the several DNA repair mechanisms (e.g., spore
photoproduct lyase (SP lyase), nucleotide excision
repair (NER), base excision repair (BER), recombinational
repair (HR), DNA integrity scanning protein (DisA),
phosphodiesterase activity, translesion synthesis (TLS), B¥ DNA is damaged due to ionization
transcription-coupled repair (TCR), interstrand cross-link or excitation caused by high LET
(ICL) repair), mismatch repair, MMR) as single knockout cell radiation.
lines as combined with an additional mutation in NHEJ.
A major focus will lay on the identification of the collaborative and supporting efforts of other DNA repair mechanisms in the process of NHEJ as
the major DNA double strand break (DSB) repair pathway. With this project, spores of Bacillus subtilis 168 (from wild-type and selected knockout
mutants) will be used to systematically analyze their impact in spore survival, germination and outgrowth behavior (e.g., DPA release) and repair
kinetics (e.g., DNA DSB repair).

Highlight results: Our first preliminary data
show that DNA repair mutant spores, lacking in
both non-homologous end joining (NHEJ) and

Spore survival of LigD E184A (catalytic
L residues responsible for the ligation
il activity of LigD in NHEJ), ALigD (DNA

3 repair polymerase/ligase, NHEJ), base excision repair (BER), are more sensitive to
" ® | AKu (DNA-end-binding protein, He particle radiation than the respective single
1 BRI NHEJ), AExoA (apurinic / apyrimidinic (NHEJ or BER) repair-deficient strain.
Li# 1 endonuclease, BER), ANfo (spore-specific
[ T ! AP endonuclease 1V, BER) deficient strains The absence of ExoA and/or Nfo in deletion

s j| after exposure to 1000 Gy of He particle mutant strains of B. subtilis sensitized the
| Ir.rad.:tlon S.?fo Mew: LETH Z‘Z.Il(svmm);* spores to He radiation that damage spore DNA
SETEBCE B UED S TR through generation of AP sites and strand

DNA repair meachanism

s ;<||I|)|]!1;§|\:. + 4 -+ -4+ 4 -4 significant different than the ALigD and break . hat BER should b X
r (Lig A + + -
NUEI(Kuy 4 ; : £t : : il AExoA-Nfo strains, # significant different rea s,.suggest.lng g at' shou e{act'lve
BER(AE romenal B I than the LigD E184A strain (P value of 0.05) to repair the lesions during spore germination
(AP remo o) + 4+ 4+ 4 - & = - :

and outgrowth that have accumulated during
spore dormancy. The action of these AP endonucleases on AP sites renders a gap; accomplishment of AP site repair would require a polymerization
step to close the gap with a ligase activity to seal the final nick. Here LigD could potentially participate in BER since this enzyme has shown to
efficiently fill a single nucleotide gap on AP-DNA. The ligation functions of LigD could be necessary and sufficient for ‘short patch’ BER of AP sites
during spore germination and outgrowth together with the B. subtilis AP endonucleases Nfo and/or ExoA. Therefore, the bacterial LigD complex
had been exclusively involved in the repair of DSB through the NHEJ pathway; the results presented here are suggestive of a potential participation
of this protein in bacterial BER as well. Altogether, our first results suggest that the role of the ATP-dependent ligase domain is not restricted to
the final strand closure after HZE particle irradiation and paving the way to future works aimed to decipher the interplay with other DNA repair
proteins of the NHEJ and/or BER pathway after irradiation. The research project CO-REPAIR is designed to provide new insights in interaction and
teamwork on spore-specific and universal DNA repair mechanisms. Previous studies have indicated that in both pro- and eukaryotic cells or under
highly scavenging conditions mimicking those for ROS scavenging in the cell, one fourth of the lesions induced in DNA by low LET radiation can be
ascribed to direct effects increasing up to 80% for high LET particles. Lethal and mutagenic effects induced by ionizing radiation are thought to be
the result of DNA damage caused during the course of irradiation. Spore DNA resides in the innermost spore compartment, the core, and dormant
spores of B. subtilis possess a complex arsenal of protective attributes in the core. Spore DNA damage can also be repaired during germination via
a number of different pathways; however there has been no systematic study of the relationship and “teamwork” between different DNA repair
mechanisms in spores’ resistance to low and high LET radiation.
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8 B & : DLR team: Dr. Felix M. Fuchs (visiting scientist, Co-1) & Dr. Ralf Moeller (PI)
REESFT - German Aerospace Center (DLR), Institute of Aerospace Medicine, Radiation Biology
Department, Space Microbiology Research Group, Cologne (Germany)

Experiment / project name: Intercomparison study of astrobiological model systems in their response to major components of the galactic
cosmic radiation (STARLIFE project) [HIMAC Project no. 13J301]

Beam time (date and heavy ions):
1) July 4™, 2017 (22:00 — 30:00 (10:00 p.m. — 06:00 a.m.)), Argon Ar 500 MeV/n (LET 90 keV/um)
2) July 5% 2017 (22:00 - 30:00 (10:00 p.m. = 06:00 a.m.)), Helium He 150 MeV/n (LET 2 keV/um)

Aim and scope of experiment: The majority of experiments on microorganisms in space were performed using Earth-orbiting robotic spacecraft,
human-tended spacecraft or space stations. In-depth knowledge regarding the biological effects of the radiation field in space is required for
assessing the radiation risks in space. 7o obtain this knowledge, microorganisms and different biomolecules have been studied as radiobiological
model systems in space and at heavy ion accelerators on the ground. The proposed research project STARLIFE is aimed to compare the response
of astrobiological model systems (i.e., archaea, bacteria, lichens, viral and fungal species as well as selected biomolecules), which have been
and/or will be in previous, ongoing or intended future space experiments, to heavy ion irradiation experiencing in space. The STARLIFE project
is an international consortium of different research groups coordinated by DLR’s Astrobiology Research Group. With this project, selected
astrobiological model systems will be exposed under identical conditions to low and high LET heavy ions. Since the advent of space flight, the
ability of microorganisms to survive exposure to outer space conditions e.g. parts of the galactic cosmic rays has been investigated to examine the
following questions: How far can we stretch the limits for life (metabolism and growth or survival)? Is interplanetary transport of microorganisms
by natural processes feasible? To what extent does the space environment sterilize spacecraft during interplanetary travel between planets?

The aim of the STARLIFE group is to investigate the responses of different astrobiological model systems to the different types of ionizing
radiation (X-rays, y -rays, heavy ions) representing major parts of the galactic cosmic radiation spectrum. Low- and high-energy charged particle
radiation experiments have been conducted at the Heavy lon Medical Accelerator in Chiba (HIMAC) facility at the National Institute of Radiological
Sciences (QST/NIRS) in Chiba, Japan. All samples were exposed under identical conditions to the same dose and qualities of ionizing radiation (i)
allowing a direct comparison between the tested specimens and (i) providing information on the impact of the space radiation environment on
currently used astrobiological model organisms.

Selected results and overview of STARLIFE

The objective of STARLIFE was to study the responses of different model systems to increased doses of heavy ions, mimicking representatives of
the HZE component of galactic cosmic radiation. They included six irradiations with heavy ions at the HIMAC facility of the QST/NIRS, using helium
(150 MeV/n), argon (500 MeV/n), and iron (500 MeV/n), covering an LET range in water from 2 to 200 keV/um and doses up to 3 kGy.
Highlight results: The STARLIFE campaign complements the results of the LIFE experiments at the EXPOSE-E facility on the International Space
Station by testing the model organism Xanthoria elegans on its resistance to hazardous radiation that might be accumulated during long-term
space exposure. Since previous astrobiological experiments were mostly performed with anhydrobiotic lichen, these experiments will broaden
our knowledge on the correlation of physiological state and astrobiological stressors.
. Three halophilic archaea, Halobacterium salinarum NRC-1, Halococcus
hamelinensis, and Halococcus morrhuae, have been exposed to different regimes
of simulated outer space ionizing radiation. Exposure to 1 kGy of argon or iron
ions at the HIMAC did not lead to a detectable loss in viability; only after exposure
to 2 kGy of iron ions a decline in survival was observed. This research presents
novel data on the survival and genetic stability of three halophilic archaea
following exposure to simulated outer space radiation.

SLSM | FUN-1

Visbiity aseay by GL

Metabolic activity and photosynthetic quantum yield
(QY) of Xanthoria elegans after irradiation. Iron ions (a, b
b), and helium ions (c, d). Left panels: mean percentage 7 : 1

vival (NG}

(-SD) of metabolically active cells in irradiated samples
and untreated controls achieved by live/dead staining.

Survival (CFU) and relative lesions per 1.5 kB DNA of (A) Hcc. hamelinensis, (B) Hbt.
salinarum NRC-1, and (C) Hcc. morrhuae following exposure to Ar ions up to 1 kGy
were evaluated. Organisms were incubated for 7 days (Hbt. salinarum NRC-1) or

14 days (Hcc. morrhuae and Hcc. hamelinensis), respectively. The y axis on the left
shows survival (filled circles), and the y axis on the right refers to relative lesions
induced in 1.5 kB DNA fragments (filled squares).
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