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As we approach the milestone of humans living and 

working on the International Space Station (ISS) for  

20 years, the scientific and cultural impact of the orbiting 

laboratory cannot be overstated. The ISS is far more 

than a symbol of human innovation: it has become a 

proving ground for scientific breakthroughs, international 

cooperation, cutting-edge technologies and business 

models that are preparing us for future missions to the 

moon – this time to stay – and eventually to Mars with 

the Artemis and Gateway programs. The knowledge 

gained has prepared us not only to survive in the harsh 

microgravity environment, but also to thrive while 

improving the opportunities for the success of future 

exploration missions beyond low-Earth orbit.

The ISS is a stepping-stone for exploration beyond 

low-Earth orbit. As the only location available to conduct 

long-duration research on how living in microgravity 

affects organisms, especially humans, as well as to test 

technologies that allow humans to work in microgravity, 

the space station serves as a unique asset in the effort 

to establish a sustainable presence beyond low-Earth 

orbit. The ISS facilitates research that benefits human 

lives on Earth and serves as the primary testing ground 

for technology development to sustain life in the extreme 

environment of space. ISS research is assigned to the 

following disciplines: biology and biotechnology, Earth 

and space science, human research, physical science, 

educational activities and technology development  

and demonstrations.  

This year, ISS scientists and engineers published a wide 

range of ISS research results, from studying the long-

term impacts of living in space on the human genome  

to better understanding how fire behaves in the absence 

of gravity. The ISS Program Science Office (PSO) collected 

205 scientific publications between October 1, 2018, 

and October 1, 2019. Of these publications, 189 were 

articles published in peer-reviewed journals, 14 were 

conference papers and 2 were gray literature publications 

such as technical reports or books. Of the items 

collected, 34 were published prior to October 1, 2018, 

but not identified until after October 1, 2018.

These ISS results publications represent research 

accomplishments sponsored by the National Aeronautics 

and Space Administration (NASA), the State Space 

Corporation ROSCOSMOS (ROSCOSMOS), the Japan 

Aerospace Exploration Agency (JAXA), the European 

Space Agency (ESA), and the Canadian Space Agency 

(CSA). This report includes highlights of collected ISS 

results as well as a complete listing of this year’s ISS 

results that benefit humanity, contribute to scientific 

knowledge and advance the goals of space exploration 

for the world. 

As of October 1, 2019, the ISS PSO has identified 

a total of 2442 results publications since 1999 with 

sources in peer-reviewed journals, conferences and  

gray literature, representing the work of more than  

5000 scientists worldwide (Figure 1). 

The ISS PSO has a team of professionals dedicated to 

continuously collecting and archiving research results 

from all utilization activities across the ISS partnership. 

Introduction

Figure 1: A total of 2442 publications (through October 1, 2019) 
represent scientists worldwide. This chart illustrates the percentages 
for each research discipline by publication type.
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The archive can be accessed at www.nasa.gov/iss-

science. This database captures the ISS investigations’ 

summaries and results, providing citations to the 

publications and patents as they become available  

at www.nasa.gov/stationresults.

Measuring Space Station Impacts 

Because of the unique microgravity environment of  

the ISS laboratory, the multidisciplinary and international 

nature of the research, and the significance of the 

investment in its development, analyzing ISS scientific 

impacts is an exceptional challenge. As a result,  

the ISS PSO uses different methods to describe  

the impacts of ISS research activities. 

One method used to evaluate the significance of 

scientific output from the ISS is to track article citations 

and the journal’s Eigenfactor ranking across the ISS 

partnership. Since different disciplines have different 

standards for citations and different time spans across 

which citations occur, Eigenfactor applies an algorithm 

that uses the entire Web of Science citation network from 

Clarivate Analytics® spanning the previous five years.1

This algorithm creates a metric that reflects the relative 

importance of each journal. Eigenfactor counts citations 

to journals in both the sciences and social sciences, 

eliminates self-citations of journals, and is intended to 

reflect the amount of time researchers spend reading  

the journal. For the period from October 1, 2018, to 

October 1, 2019, 52 ISS articles were published in the 

top 100 journals based on Eigenfactor. Twenty-five of 

those ISS articles were in the top 10 journals based on 

Eigenfactor, as reported by Clarivate Analytics® (Table 1).

The ISS PSO has implemented the use of bibliometrics 

as an additional method to measure the impact of space 

station research. Bibliometrics is the quantitative analysis 

of written documents. It is frequently used to analyze 

scientific and scholarly publications. Researchers may 

use bibliometrics to get an overview of their research 

field and of the connections with neighboring research 

areas. Bibliometrics can be used to address a broad 

range of challenges in research management  

and research evaluation. For instance, bibliometrics  

can be applied to support strategic decision making  

by the management of a research institution and 

(Clarivate 
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1 PLOS ONE (3)

2 Nature (1)

3 Nature Communications (1)

4 Science (1)

5 Scientific Reports (16)

6
Proceedings of the National 
Academy of Sciences of the 
United States of America (1)

9 Physical Review Letters (3)

17 The Astrophysical Journal (8)

25
Monthly Notices of the  

Royal Astronomical Society (3)

42 Astronomy and Astrophysics (1)

45 Geophysical Research Letters (1)

73 The Journal of Chemical Physics (1)

88 Physical Review E (1)

93 Frontiers in Microbiology (2)

98
International Journal of  
Molecular Sciences (7)

99 The Astrophysical Journal Letters (3)

Table 1: 2018-2019 ISS Publications collected in the Top 100 Global 
Journals, by Eigenfactor. From October 1, 2018, to October 1, 2019, 
as reported by 2018 Journal Citation Reports, Clarivate Analytics®.

1 West JD, Bergstrom TC, Bergstrom CT. The Eigenfactor Metrics™: A Network approach to assessing scholarly journals.  
College and Research Libraries. 2010;71(3). DOI: 10.5860/0710236. 

http://www.nasa.gov/iss-science
http://www.nasa.gov/iss-science
http://www.nasa.gov/stationresults
https://crl.acrl.org/index.php/crl/article/view/16080
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to support the evaluation of research institutes and 

research groups.2

Bibliometric visualizations offer a powerful way to 

present detailed information in a way that improves 

understanding of the data. Visualizations can provide 

a network perspective; e.g., co-authorship networks 

or citation networks. When dealing with large numbers 

of publications, an overview of the global reach of 

the publications can be obtained by presenting a 

visualization of the authors. Using the ISS research 

results articles collected as of October 1, 2019,  

Figure 2 presents a VOSviewer visualization of a co- 

authorship by country network. The size of the circle 

indicates the number of publications of the country. 

Lines indicate co-authorship links between countries; 

this illustrates the wide impact of ISS research globally. 

Evolution of Space Station Results

The archive of the ISS investigations went online in 

2004. Since that time, the PSO team has implemented 

many changes to how they track investigations.  

The team has separated research disciplines and added 

new research disciplines as more investigations have 

become active. The team has added or redefined many 

fields since the rollout of the archive. Initially, the PSO 

Figure 2. VOSviewer visualization of co-authorship by country. The size of the circle indicates the number of publications of the country. 
Lines indicate co-authorship links between countries. 

2 Van Eck NJ, Waltman L. Software survey:VOSviewer, a computer program for bibliometric mapping. Scientometrics. 2010;84(2):523-538. 
DOI: 10.1007/s11192-009-0146-3.
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Research Results team collected only publications that 

were either related to an investigation or presented 

direct results from an investigation via a publication or 

patent. More recently, the Program Science Database 

(PSDB) included the following publication types: 

•	 ISS Results - publications that provide information 

about the performance and results of the investigation, 

facility or project as a direct implementation on ISS  

or on a vehicle to ISS

•	Patents - applications filed based on the performance 

and results of the investigation, facility or project on 

ISS or on a vehicle to ISS

•	Related - publications that lead to the development  

of the investigation, facility or project.  

Through continual analysis of the database, we 

have determined that it is time to expand the types 

of publications. We have implemented two of these 

new types of results publications to track: ISS Flight 

Preparation Results and Derived Results.  

ISS Flight Preparation Results are articles about the 

development work performed for the investigation, 

facility or project prior to operation on the ISS.  

Derived Results are articles that use data from an 

investigation that operated on ISS, but the authors of 

the article are not members of the original investigation 

team. Derived Results articles have emerged as a direct 

outcome of the open data initiative, which provides 

access to raw data to researchers from outside the 

investigation, enabling them to analyze and publish 

results, providing wider scientific benefits and expanding 

global knowledge. Although the Annual Highlights of 

Results spotlights ISS Results publications, recognition 

of these additional publication types in the database  

will contribute to the spread of scientific knowledge  

from the ISS.

As of October 1, 2019, the PSO Research Results  

team identified 137 Alpha Magnetic Spectrometer - 02 

(AMS-02) publications: 101 were identified as Derived 

Results and 36 as ISS Flight Preparation Results.  

Due to our ongoing efforts to add these articles and  

new publication types to the PSDB, these data were  

not included in the final counts of publications collected 

since October 1, 2018. These new publication types 

and publications will be available in Space Station 

Research Explorer on NASA.gov later in 2020, and 

currently can be viewed at INSPIRE.  

 

Linking Space Station Benefits

ISS research results lead to benefits for human 

exploration of space, the advancement of scientific 

discovery, and benefits for humanity. This year’s Annual 

Highlights of Results from the International Space 

Station includes descriptions of just a few of the  

results that have been published from across the  

ISS partnership. 

ISS investigation results have yielded 

updated insights into how to live and work 

more effectively in space by addressing 

such topics as understanding radiation 

effects on crew health, combating bone  

and muscle loss, improving designs of 

systems that handle fluids in microgravity, 

and determining how to maintain 

environmental control efficiently. 

Results from the ISS provide new 

contributions to the body of scientific 

knowledge in the physical sciences, life 

sciences, and Earth and space sciences  

to advance scientific discoveries in  

multi-disciplinary ways. 

ISS science results have Earth-based 

applications, including understanding our 

climate, contributing to the treatment of 

disease, improving existing materials, and 

inspiring the future generation of scientists, 

clinicians, technologists, engineers, 

mathematicians, artists and explorers.

BENEFITS
FOR HUMANITY

DISCOVERY

EXPLORATION

https://www.nasa.gov/mission_pages/station/research/experiments/explorer/index.html
http://inspirehep.net/search?ln=en&ln=en&p=693__e%3AAMS-02&of=hb&action_search=Search&sf=&so=d&rm=&rg=250&sc=0


5

ISS crew member Reid Wiseman performing the Biological Research  
In Canisters-19 actuation during Expedition 41 (ISS041E054879).
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PUBLICATION HIGHLIGHTS: 

BIOLOGY AND BIOTECHNOLOGY
The ISS laboratory provides a platform for investigations in the biological sciences 
that explores the complex responses of living organisms to the microgravity 
environment. Lab facilities support the exploration of biological systems, from 
microorganisms and cellular biology to the integrated functions of multicellular 
plants and animals. 

6

New materials are needed to counteract 

the growth and spread of bacteria 

resistant to antibiotics and silver coatings. 

ROSCOSMOS’ investigation, Influence  

of Factors of the Space Environment  

on the Condition of the System of Microorganisms-

Hosts Relating to the Problem of Environmental 

Safety of Flight Techniques and Planetary 

Quarantine (Biorisk-KM-Metally), tested the AGXX® 

antimicrobial coating and compared it to silver and 

stainless steel coatings. Crew members placed  

12 plaques on the ISS bathroom door, one for each 

tested material, with samples to be collected at  

6, 12 and 19 months. Human-pathogenic bacteria 

species recovered from the samples were characterized 

in terms of biofilm formation and antibiotic resistance. 

For AGXX® surface samples, there was no bacterial 

growth at 6 months. However, at 12 months, six 

bacterial strains were observed, and two bacterial 

strains were observed at 19 months. At all time periods, 

the AGXX® coating had significantly less bacteria than 

the surfaces with silver and stainless steel coatings.  

Of the human-pathogenic bacteria isolated from all 

surface samples, 32% were resistant to only one or  

two antibiotics, and 68% were resistant to three or more 

antibiotics, with the most resistant showing immunity  

to nine antibiotics. Genetic analysis suggested ermC 

and tetK are the most prevalent genes for antibiotic 

resistance. No serious human pathogens were 

observed, so infection risk to crew members was low.  

In addition, novel antimicrobial coatings such as AGXX® 

may further diminish the proliferation and spread of 

bacteria resistant to antibiotics. 

Sobisch L, Rogowski KM, Fuchs J, Schmieder W, Vaishampayan A, 
et al. Biofilm Forming Antibiotic Resistant Gram-Positive Pathogens 
Isolated From Surfaces on the International Space Station. Frontiers 
in Microbiology. 2019 March 19; 10(543): 1-16. DOI: 10.3389/
fmicb.2019.00543. 

ISS crew member Alexander Samokutyaev works with a Biorisk-
MSN experiment container in the Zvezda Service Module of the ISS 
(ISS028E018265).

EXPLORATION
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NASA’s Functional Effects of Spaceflight 

on Cardiovascular Stem Cells (Cardiac 

Stem Cells) investigation determined that 

spaceflight alters many processes of the 

human body, including cardiac function and 

cardiac progenitor cell (CPC) behavior. The mechanism 

behind these changes remains largely unknown; 

however, clinostats – devices that simulate microgravity 

on the ground – are making it easier for researchers to 

isolate the effects of microgravity from the combined 

microgravity and radiation exposure experienced in 

flight. To study the changes that take place in cardiac 

progenitor cells in microgravity environments, adult 

cardiac progenitor cells with the ability to differentiate 

into all cardiovascular lineages were cultured aboard  

the ISS as well as in a clinostat. These cells were 

examined for changes in Hippo signaling, a pathway 

known to regulate cardiac development. Adult CPCs 

cultured under microgravity conditions, spaceflight-

induced or simulated, displayed higher levels of 

transcripts encoding for the Yes Associated Protein 

1 (YAP1). This finding is important because YAP1 

expression improves functional outcomes following  

cell-based repair. Finding ways to induce YAP1 

production through microgravity or cell conditioning  

may improve therapies designed to treat cardiac- 

related diseases. 

The sheep myocardial infarction model described in 

this manuscript emphasizes the role of YAP1 in cardiac 

repair. Based on similarities to the human cardiovascular 

system, sheep are considered to be relevant preclinical 

models. Using this model, functional and safety 

implications of microgravity-mediated CPC conditioning 

in vivo can be identified. This study provides information 

that is relevant for human health on Earth and during 

space exploration missions beyond low-Earth orbit.

Camberos V, Baio J, Bailey L, Hasaniya N, Lopez LV, Kearns-Jonker 
M. Effects of Spaceflight and Simulated Microgravity on YAP1 
Expression in Cardiovascular Progenitors: Implications for Cell-Based 
Repair. International Journal of Molecular Sciences. 2019 June 4; 
20(11): 2742. DOI: 10.3390/ijms20112742.

CPCs cultured for the Cardiac Stem Cell investigation aboard 
the ISS. Image courtesy of Loma Linda University.

7

DISCOVERY
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ESA’s Extremophiles investigation required 

a crew member to wipe various locations 

aboard the ISS at three different times with 

72 days between the first and last sessions. 

Contents from the wipes were extracted 

and the bacteria cultivated for diversity and distribution 

analysis. Researchers studied tolerances to the extreme 

space environment and antibiotics.

The majority of the bacteria found aboard the ISS 

were human-associated, particularly those found on 

skin, such as Staphylococcus, Corynebacterium, and 

Streptococcus. Although the ISS microbiome fluctuates 

in composition and diversity, a core microbiome has 

existed over time and independent of location. These 

core bacteria have remained consistent over the years, 

regardless of crew members, suggesting that the 

ISS has an established 

microbiome independent  

of the microbiome of 

individual crew. 

The study did not support 

the hypothesis that 

bacteria become more 

extremophilic or antibiotic 

resistant in space. Instead, 

investigators hypothesize 

that only the best-adapted 

organisms survive in 

the space environment. 

Overall, out of the 76 

bacterial isolates, 11 had 

opportunistic pathogenic 

potential. Investigators 

noted that the presence  

of these pathogens is  

not alarming; however,  

the presence of these 

microbes warrants  

continual monitoring.

Mora M, Wink L, Kogler I, Mahnert 
A, Rettberg P, et al. Space Station 
conditions are selective but do 
not alter microbial characteristics 
relevant to human health. Nature 
Communications. 2019 September 
5;10(3990). DOI: 10.1038/s41467-
019-11682-z.

Scanning electron micrographs of NOMEX® fabric. The fabric was co-incubated for 6 weeks with 
bacteria isolated from the ISS: a–d Co-incubation with Bacillus paralicheniformis; e–h Co-incubation 
with Cupriavidus metallidurans; i–l Negative control of NOMEX® fabric kept in sterile medium for  
6 weeks (Image courtesy of Mora M, et al, Nature Communications, 2019).

EXPLORATION
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Periodontal disease, which destroys 

tooth-supporting tissues and leads to 

tooth loss, is one of the most widespread 

infectious diseases among human beings. 

This disease is caused by Porphyromonas 

gingivalis (P. gingivalis), a non-fermenting gram-negative 

rod (NFGNR) bacterium that uses amino acids as 

nutrients instead of carbohydrates. P. gingivalis creates 

PgDPP11, a known essential enzyme that contributes 

to bacterial growth and pathogenicity. Therefore, the 

substances that inhibit the activity of PgDPP11 may be 

candidates for antibiotics to fight periodontal disease. 

In JAXA’s Protein Crystal Growth (JAXA PCG) 

investigation, high-quality crystals of PgDPP11  

were grown on board Kibo, the Japanese  

Experiment Module of the ISS. Crystallization and  

X-ray diffraction techniques are used to determine 

protein structures. Understanding the structure of 

proteins can lead to improvements in medical 

treatments and pharmaceuticals for numerous 

conditions. The microgravity environment removes  

the effects of sedimentation and convection seen  

on Earth and provides an exceptional environment  

for crystal growth. High-quality crystals are key  

for determining the structure of proteins.

Based on the ISS-grown PgDPP11 crystals, scientists 

were able to infer the molecular structure around the 

PgDPP11 active site required for the search and  

design of potential inhibitors. Scientists performed 

multiple screenings and computer docking simulation 

studies to discover potential inhibitors of PgDPP11. 

Thirteen candidate compounds were selected from  

4 million options; of these candidates, the compound 

SH-5 showed a significant inhibitory effect against the 

growth of P. gingivalis. PgDPP11 and SH-5 were co-

crystallized in microgravity, and SH-5 was clearly shown 

to bind to the active site of PgDPP11. The discovery  

of SH-5 is a good starting point for designing antibiotics 

for P. gingivalis and other NFGNRs.

This result provides a good example of the usefulness  

of high-resolution crystal structures that can be grown  

in microgravity, providing new insights into structure-

based drug design. 

Sakamoto Y, Suzuki Y, Nakamura A, Watanabe Y, Sekiya M, et al. 
Fragment-based discovery of the first nonpeptidyl inhibitor of an S46 
family peptidase. Scientific Reports. 2019 September 19; 9:13587. 
DOI: 10.1038/s41598-019-49984-3.

DISCOVERY

Mode of Citrate ion and Potassium ion binding in the S1 subsite of PgDPP11 (left). The bound citrate (cream and red) and potassium ions 
(purple) are shown in sphere models, respectively  Mode of SH-5 binding in the S1 subsite of PgDPP11 (right). The bound SH-5 (cyan, red 
and blue ) is shown in sphere model. The surface of PgDPP11 is colored by coulombic surface coloring (blue: positive, red: negative). 
Image courtesy of Sakamoto Y.
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To better understand the formation of bone 

cells in space, the Italian Space Agency’s 

(ASI) Role of the Edocannabinoid  

System in Pluripotent Human Stem  

Cell Reprogramming under Microgravity 

Conditions (SERiSM) investigation treated blood-

derived stem cells (BDSCs) with rapamycin to induce 

the differentiation or formation of bone cells. Sixteen 

samples were flown to the ISS to study BDSC protein 

and epigenetic changes at 0, 48 and 72 hours after 

arrival. All samples were contained in the SERiSM 

experiment unit where autonomous growing and  

fixing of cell cultures occurred. 

Fifteen protein markers were used to track  

key osteogenic changes such as pluripotency, 

commitment, and differentiation. Results showed 

that almost all proteins analyzed, including controls, 

increased aboard the ISS compared to those on  

Earth, suggesting that ascent to the ISS may  

affect gene expression. Overall, rapamycin is shown  

to induce increases in GATA4 and Sox17, proteins that 

modulate the transcription factor crucial for osteogenic 

differentiation. With differentiation, cells become mature 

and undergo epigenetic rearrangements that prevent  

the cell from returning to its undifferentiated state.  

Key histone proteins were observed to undergo this 

cellular reprogramming process. These proteins 

effectively control gene expression. The insight  

provided by this study contributes to the identification 

of new markers and therapeutic targets to treat 

osteoporosis in humans. 

Gambacurta A, Merlini G, Ruggiero C, Diedenhofen G, Battista N, 
et al. Human osteogenic differentiation in Space: proteomic and 
epigenetic clues to better understand osteoporosis. Scientific Reports. 
2019 June 6; 9(1): 8343. DOI: 10.1038/s41598-019-44593-6.

BENEFITS
FOR HUMANITY

Rapamycin-driven osteogenesis of human blood-derived stem cells on board 
the ISS (Image courtesy of Gambacurta A, et al, Scientific Reports, 2019).
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ISS crew member Andre Kuipers performs his second orbital 
Neurospat session during ISS Expedition 30 (ISS030E022627). 
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Numerous complex effects on the 

physiology of different organisms suggest 

a slowdown of aging in space. JAXA’s 

Biological Rhythms 48 hrs examined 

the potential effect of geomagnetic 

space weather on human cardiac activity to explain 

physiological changes in the human body associated 

with longevity.

Electrocardiographic data obtained from ISS  

crew members before, during and after spaceflight 

assessed heart rate variability (HRV) while geomagnetic 

data obtained remotely from the Auroral Observatory  

of the University of Tromso, Norway, measured the 

Earth’s magnetic field. ISS crew members’ HRV  

was compared between magnetically quiet and 

disturbed days. 

Results showed that changes in the magnetosphere  

can affect and enhance HRV indices associated with 

anti-aging biomarkers. Specifically, the SDNNIDX  

(mean of the standard deviations to normal sinus 

interbeat intervals in all 5-minute segments) and very  

low frequency components of HRV were higher  

on magnetically disturbed days. Investigators also  

found increased HRV bands associated with the  

brain’s default mode network on disturbed days. 

These findings suggest that spaceflight can have 

anti-aging effects as a result of the effects of Earth’s 

magnetic field on human HRV indices associated  

with longevity.

Otsuka K, Cornelissen G, Kubo Y, Shibata K, Mizuno K, et al.  
Anti-aging effects of long-term space missions, estimated by heart 
rate variability. Scientific Reports. 2019 June 20; 9(1): 8995. DOI: 
10.1038/s41598-019-45387-6. 

PUBLICATION HIGHLIGHTS: 

HUMAN RESEARCH
ISS research includes the study of risks to human health that are inherent in space 
exploration. Many research investigations address the mechanisms of these risks,  
such as the relationship to the microgravity and radiation environments as well as  
other aspects of living in space, including nutrition, sleep and interpersonal relationships. 
Other investigations are designed to develop and test countermeasures to reduce these 
risks. Results from this body of research are critical to enabling missions to the lunar 
surface and future Mars exploration missions.

ISS crew member Koichi Wakata strapped into his sleeping bag  
in his sleep station located in the Node 2 (ISS038E024951).

EXPLORATION

12
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Space explorers experience orthostatic 

intolerance – feelings of dizziness and 

nausea when standing upright upon return 

from space. This condition may result 

from a rapid decline in blood pressure 

(BP). CSA’s study, A Simple In-flight Method to Test 

the Risk of Fainting on Return to Earth After Long-

Duration Spaceflights (BP Reg), employed pulse 

arrival time (PAT) as a potential surrogate for blood 

pressure when measurements of finger arterial pressure 

are not possible under postflight conditions.

ISS crew member blood pressure was measured before 

spaceflight and 1 day after return while completing a 

physical task that required them to change position 

from lying down to sitting to standing. Results showed 

that PAT was correlated with a change in systolic blood 

pressure during position changes. 

These results demonstrate that arterial pulse arrival time 

could be a sensitive indicator of significant changes 

in blood pressure. The use of this non-invasive and 

accessible approach is expected to improve the 

monitoring of blood pressure in future space explorers. 

Wood KN, Greaves DK, Hughson RL. Inter-relationships between 
pulse arrival time and arterial blood pressure during postural transitions 
before and after spaceflight. Journal of Applied Physiology. 2019 
August 15; epub: 22 pp. DOI: 10.1152/japplphysiol.00317.2019.

ISS crew member Chris Hadfield is photographed during BP Reg operations. He is wearing the Leg/Arm Cuff System on his thighs, and the 
Continuous Blood Pressure Device on his left hand. (ISS035E022360).

EXPLORATION
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The brain activity of ISS crew members was 

investigated before and after spaceflight 

for the first time. The goal of ESA’s Brain-

Diffusion Tensor Imaging (Brain-DTI) 

study was to examine the mechanisms of 

sensorimotor processing by using a plantar stimulation 

functional magnetic resonance imaging (fMRI) task  

to stimulate the soles of space explorer feet.

Initial exploratory results showed activity in the expected 

areas of the somatosensory cortex, operculum, 

and cerebellum. Further analyses showed changes 

in connectivity in additional regions outside the 

sensorimotor network, including regions associated with 

vestibular system function, visuospatial processing, and 

proprioception. Although some increased connectivity 

was observed between the right supramarginal gyrus 

and the rest of the brain, there was reduced connectivity 

between regions involved in body position perception, 

visceral sensations and equilibrium (i.e., the anterior lobe 

of the cerebellum, vestibular nuclei, right inferior parietal 

cortex and insula bilaterally). Importantly, there was  

a significant correlation between connectivity in  

two areas of the brain, the right supramarginal gyrus  

and insula, and the severity of space motion sickness. 

The functional connectivity changes observed  

may relate to adaptation in space and readaptation  

to Earth’s gravity. This research generates new  

hypotheses in the study of sensorimotor adaptation.

van Ombergen A, Jillings S, Jeurissen B, Tomilovskaya ES, 
Rumshiskaya A, et al. Brain ventricular volume changes induced  
by long-duration spaceflight. Proceedings of the National Academy  
of Sciences of the United States of America. 2019 May 6; epub.  
DOI: 10.1073/pnas.1820354116.

Overview of the changes occurring in the subarachnoid and intracerebral cerebrospinal fluid spaces, including the superior sagittal sinus  
(area 1) and the ventricles (area 2) of space explorers across the different time points (Image courtesy of van Ombergen A, et al, Proceedings 
of the National Academy of Sciences of the United States, 2019).

EXPLORATION
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The ROSCOSMOS investigation Study  

of Vegetative Regulation of the Cardio-

respiratory System in Weightlessness 

(Puls) used a novel non-invasive, easily 

operated oscillometric device to measure 

blood pressure with the goal of assessing vascular 

health before and after long-duration spaceflight. 

Results showed that two important vascular aging 

biomarkers, pulse wave velocity and central blood 

pressure, did not increase during or after spaceflight. 

Researchers concluded that 6 months in space  

do not lead to clinically significant changes in  

vascular health. 

These results demonstrate that space explorers do  

not experience signs or symptoms of cardiovascular 

disease during space travel, immediately after return,  

or a few days later. However, radiation-induced 

cardiovascular disease may develop many years  

after radiation exposure. Researchers recommend  

that the scientific community develop precise 

technologies that differentiate vascular adaption  

from preclinical vascular disease. 

Hoffmann F, Mostl S, Luchitskaya ES, Funtova II, Jordan J, et 
al. An oscillometric approach in assessing early vascular ageing 
biomarkers following long-term space flights. International Journal of 
Cardiology Hypertension. 2019 August 1;2: 100013. DOI: 10.1016/j.
ijchy.2019.100013.

ISS crew member Dmitry Kondratyev takes blood pressure measurements and electrocardiogram recording (ISS026E031635).

EXPLORATION



1616

NASA’s Twins Study demonstrated on the 

molecular level the resilience and robustness 

of how one human body adapted to the 

spaceflight environment compared to  

the Earth-bound twin. This study was a 

stepping-stone to future biological space 

research focusing on molecular changes  

and how they may predict health and 

performance of space explorers. 

Results from the Twins Study noted several spaceflight-

specific effects, including decreased body mass, 

changes in chromosomes (telomere dynamics, gene 

expression and genome instability), carotid artery 

distension and a thickening of artery walls, alterations  

in eye structure (ocular structure), impacts to 

metabolism, changes in DNA activity (DNA methylation), 

alterations in gut bacteria (gastrointestinal microbiome) 

and impacts to cognitive processing. Several changes 

returned to baseline levels within 6 months after 

returning to Earth. The persistent changes observed 

after 6 months on Earth included a subset (8.7%)  

of changes in gene expression, increased DNA damage 

from chromosomal inversions, increased numbers of 

short telomeres, and attenuated cognitive function.

As the Twins Study investigators note, it is difficult  

to draw conclusions for all humans from a single test 

subject in the spaceflight environment. Scientists 

recognize that there is more to learn. NASA’s Human 

Research Program continues to gather experience  

with long-duration spaceflight to better identify health 

impacts and anticipate risks that future space explorers 

may encounter as they travel beyond low-Earth orbit.

Garrett-Bakelman FE, Darshi M, Green SJ, Gur R, Lin L, et al.  
The NASA Twins Study: A multidimensional analysis of a year-long 
human spaceflight. Science. 2019 April 11; 364: 20 pp.

EXPLORATION

DISCOVERY

ISS crew member Scott Kelly (right) along with his twin brother, former astronaut Mark Kelly (left), prior to the 1-year mission aboard the ISS 
(JSC2015E004212).
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ISS crew member Shane Kimbrough during Capillary Flow 
Experiment with the Interior Corner Flow hardware during 
ISS Expedition 50 (ISS050E014941).
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Aluminum alloys are often used in  

cast metal applications for a number of 

automotive and transportation purposes, 

allowing manufacturers to reduce  

vehicle weight, increase the strength  

of components and improve emission controls.  

One of the most challenging problems associated  

with aluminum casting is the influence of convection 

during all stages of solidification. The strength of  

fluid flow changes the “as cast” internal structure 

(microstructure) such that the yield, fracture and  

fatigue strengths of the cast ingot can vary considerably. 

Although the importance of fluid flow has been 

recognized for decades, no model has been developed 

to predict the effect of microgravity on microstructure. 

ESA’s Columnar-to-Equiaxed Transition in 

Solidification Processing (CETSOL) investigation 

examines different crystal growth patterns and the 

evolution of microstructures during crystallization  

of metallic alloys in microgravity.

Columnar-to-equiaxed transition (CET) occurs during 

columnar growth when new grains grow ahead of the 

columnar front in the undercooled liquid. Under certain 

conditions, these grains can stop the columnar growth 

and then the solidification microstructure becomes 

equiaxed, or having axes of approximately the same 

length. Two solidification runs of CETSOL silicone and 

aluminum alloys were successfully completed in the 

Material Science Laboratory (MSL) on the ISS using  

the Solidification Quenching Furnace on board the ISS.

PUBLICATION HIGHLIGHTS: 

PHYSICAL SCIENCES
The presence of gravity greatly influences our understanding of physics and the 
development of fundamental mathematical models that reflect how matter behaves.  
The ISS provides the only laboratory where scientists can study long-term physical effects 
in the absence of gravity and without the complications of gravity-related processes such 
as convection and sedimentation. This unique microgravity environment allows different 
physical properties to dominate systems, and scientists are harnessing these properties 
for a wide variety of investigations in the physical sciences.

ISS crew member Frank De Winne removes a CETSOL sample 
cartridge assembly from its MSL mechanical protection container 
tube during MSL commissioning activities on board ISS 
(ISS021E023149).

DISCOVERY
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A progressive CET was obtained in both ISS and 

Earth-based samples, implying the existence of an 

intermediate region after the inception position of CET 

defined as the end of growth of the columnar dendrites. 

However, a more progressive CET and longer dendrites 

aligned with the applied temperature gradient were 

observed in presence of gravity. This difference is 

attributed to the convective flow on Earth. On the one 

hand, this flow carries the grains that nucleate ahead 

of the columnar front away into the bulk liquid phase. 

On the other hand, it sweeps the solute away from the 

dendrite tip zone. Consequently, the blocking effect is 

diminished, allowing extended continuous growth of  

the elongated dendrites.

The results from this study will guide future  

development and understanding of material  

processes in a microgravity environment. CETSOL 

aims to provide science teams and industrial partners 

confidence in the reliability of the numerical tools 

introduced in their integrated numerical models  

of metallic alloy casting.

Li YZ, Mangelinck-Noel N, Zimmermann G, Sturz L, Nguyen-Thi H. 
Comparative study of directional solidification of Al-7wt.% Si alloys 
in space and on Earth: Effects of gravity on dendrite growth and 
columnar-to-equiaxed transition. Journal of Crystal Growth.  
2019 May 1; 513: 20-29. DOI: 10.1016/j.jcrysgro.2019.02.050.
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The ROSCOSMOS study Flame 

Extinguishment Experiment – 

ROSCOSMOS (FLEX-ROSCOSMOS) 

confirmed the existence of two high  

and low n-heptane burning regimes.  

The extinction of visible flame around a droplet resulted 

in a cool flame that continued to burn while invisible 

to the visualization system. Quasi-steady burning 

after visible flame extinction confirmed the continued 

combustion. After radiative extinction of high-

temperature droplet burning, the transition to  

low temperature stage with constant burning rate  

took place. In this second stage, the droplet continued 

to burn and evaporate without the presence of  

a visible flame, ultimately leading to a diffusive  

extinction at a finite droplet size. The low temperature 

diffusion combustion for an isolated droplet has  

never been proposed or suggested before the  

FLEX-ROSCOSMOS investigation. The FLEX-

ROSCOSMOS investigation analyzed data provided  

by NASA from NASA’s FLEX experiment.

Tyurenkova V. Two regimes of a single n-heptane droplet combustion. 
Acta Astronautica. 2019 February 2; epub. DOI: 10.1016/j.
actaastro.2019.01.045.

Video screen shot of Multi-user Droplet Combustion Apparatus Flame Extinguishment Experiment Ignition 1 on March 5, 2009  
(GMT 64/17:21). Igniters continue to cool. Combustion event continues (Image courtesy of NASA).

DISCOVERY



2121

DISCOVERY

For JAXA’s Elucidation of Flame Spread 

and Group Combustion Excitation 

Mechanism of Randomly-distributed 

Droplet Clouds (Group Combustion) 

investigation, researchers conducted 

microgravity experiments aboard the ISS and performed 

temperature-field analysis using the Thin Filament 

Pyrometry method based on visible light emissions to 

study the effects of droplet interaction on flame spread 

characteristics. Results show that the positions of the 

interactive droplets affect the flame spread around the 

droplets, and the flame-spread limit is extended by 

the interactive effect. If a burning droplet preheats a 

droplet existing outside the flame-spread limit, the pre-

vaporization also extends the flame-spread limit around 

two interactive droplets.

Results also show that in the case with strong 

interaction by two or three interactive droplets, the 

high-temperature region is enlarged by the droplet 

interaction and the center of mass of the interactive 

droplets, playing an important role in the flame-spread-

limit distribution. The flame-spread-limit distance from 

the center of mass of the interactive droplets increases 

with the burning lifetime. The behavior of combustion  

in a microgravity environment is critical to learning to 

control such events in spacecraft propulsion as well  

as prevention in locations where such combustion is  

not desired, such as a spacecraft cabin.

Yoshida Y, Iwai K, Nagata K, Seo T, Mikami M, et al. Flame-spread  
limit from interactive burning droplets in microgravity. Proceedings  
of the Combustion Institute. 2019; 37(3): 3409-3416. DOI: 10.1016/j.
proci.2018.07.106. 

Yoshida Y, Seo T, Mikami M, Kikuchi M. Temperature-Field Analysis  
of Flame Spread over Droplet-Cloud Elements with Interactive  
Droplets in Microgravity aboard Kibo on ISS. International Journal  
of Microgravity Science and Application. 2019; 36(3): 360303.

Nomura H, Suganuma Y, Mikami M, Kikuchi M. Observation of 
Interaction between a Spreading Flame and Movable Droplets  
using Microgravity Environment of “KIBO”. International Journal  
of Microgravity Science and Application. 2019; 36(3): 360304.

Flame-spread behavior near the group-combustion-excitation limit for different mean initial 
droplet diameter d0 of a droplet cloud with the same droplet arrangement of M = 67 
(Image courtesy of Masato M, et al. Microgravity Science and Technology, 2018).
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NASA’s Observation and Analysis of Smectic Islands 

in Space (OASIS) demonstrates that Marangoni flow of 

liquid crystal film can transport inclusions, a mechanism 

that could be used in practical applications such as 

droplets of reactants for chemical reactions or 

microprobes in chemical sensors. OASIS demonstrates 

that when the film is heated in a region far from a 

meniscus, material is transported against the 

temperature gradient as long as the film is 

homogeneously thick in the region far from the 

meniscus. Then, the hot region can grow by an 

expansion of existing holes or by the shrinkage  

of islands. Further growth of a homogeneous film  

region would require the creation of new holes  

by thermocapillary forces. This finding will help  

scientists understand the properties of material  

flow in microgravity.

Stannarius R, Trittel T, Klopp C, Eremin A, Harth K, et al. Freely 
suspended smectic films with in-plane temperature gradients.  
New Journal of Physics. 2019 June 3;21(6):063033.  
DOI: 10.1088/1367-2630/ab2673.

Climbing of smectic layers in a vertically suspended film under the 
influence of a vertical temperature gradient. A thermostated block  
at the lower frame edge was set to a temperature of Th = 70°C. 
The top of the frame was not heated; it remained approximately  
at room temperature (25°C). During the first 10 minutes, hot air 
flowing upward induces a pair of convection rolls in the upper thin 
film region (thickness ≈80 nm). The thicker regions that climb up  
are less sensitive to air flow, thus the convection ceases (Image 
courtesy of Stannarius R, et al. New Journal of Physics, 2019).
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ISS crew member Serena Auñón-Chancellor pauses 
for a photo during operations to insert a Microgravity 
Investigation of Cement Solidification Module into  
the Multi-use Variable-g Platform facility during  
ISS expedition 57 (ISS057E106264).
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JAXA’s Space Environment Exposure 

Experiment of CNT Material for Space 

Application (Carbon Nanotube) tests  

an advanced carbon-based material for  

its ability to withstand erosion from the 

radiation of space. Carbon nanotubes (CNTs) are 

extraordinarily light, strong and conductive materials  

that can help make spacecraft lighter, stronger and more 

energy efficient, but their reliability and space readiness 

has not been fully established. Two ways to test material 

properties are ground-based simulations and space-

based studies. For the space-based portion  

of the testing, CNT yarns were exposed to the space 

environment. The results of ground-based and on-orbit 

studies are summarized as follows: (1) The CNT yarns 

were damaged on the surface, mainly from exposure  

to Atomic Oxygen (AO), while Electron Beam irradiation 

and ultraviolet light exposure had almost no impact.  

(2) Tensile strength decreased by 40%–65% after 

exposure to the space environment. (3) Defects were 

generated during 395-day exposure in the wake 

direction, coinciding with the results for the tensile 

strength. In terms of tensile strength, the CNT yarn  

does not appear to be a reliable structural material for 

use on the ISS because of the space station’s very high 

speed, which causes the relative kinetic energy of AO  

to be high, resulting in serious damage to CNT yarns 

without proper protective coatings. 

Ishikawa Y, Fuchita Y, Hitomi T, Inoue Y, Karita M, et al. Survivability 
of carbon nanotubes in space. Acta Astronautica. 2019 August 22; 
165:129-138. DOI: 10.1016/j.actaastro.2019.07.024.

PUBLICATION HIGHLIGHTS: 

TECHNOLOGY DEVELOPMENT 
AND DEMONSTRATION
Future exploration — the return to the moon and human exploration of Mars — 
presents many technological challenges. Studies on the ISS can test a variety of 
technologies, systems and materials that are needed for future exploration missions. 
Some technology development investigations have been so successful that the 
test hardware has been transitioned to operational status. Other results feed new 
technology development.

Scanning electron micrographs of a thin yarn sample (484-day 
exposure, ram direction): (a) a part shielded by a metal cover and 
(b)-(d) a part exposed to space (Image courtesy of Ishikawa Y et al. 
Acta Astronautica, 2019).

DISCOVERY
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The ISS crew successfully 
demonstrated the ability of the  
three-dimensional high-resolution 
fluorescence microscope to generate 
digital images of human T-cell samples 

during NASA’s FLUMIAS-DEA investigation.  
This microscope can be used for real-time analysis 
of cell behavior during long-duration spaceflight. 
This fast imaging capability is needed to monitor 
cellular and molecular reactions that can occur 
more quickly in altered gravity environments.  
The implementation of real-time analysis methods 

on the ISS dramatically extends our knowledge 
about the dynamics of cellular reactions and 
adaptations to the space environment, a 
requirement for evidence-based medical risk 
assessment, abnormal cell monitoring and 
countermeasure development against diseases  
for exploration-class missions.

Thiel CS, Tauber S, Seebacher C, Schropp M, Uhl R, et al.  
Real-time 3D high-resolution microscopy of human cells on the 
International Space Station. International Journal of Molecular 
Sciences. 2019 April 25; 20(8). DOI: 10.3390/ijms20082033.

Fixed macrophages using three chromophores created by the FLUMIAS-DEA miniaturized fluorescence 
microscope during Science Verification Test. Image courtesy of Airbus (JSC2019E051831).

EXPLORATION
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The Multi-mission Consolidated Equipment  
investigation consists of five small unique 
instruments that are located at Equipment  
Exchange Unit site 8 on the Japanese Experiment 
Module - Exposed Facility. (ISS020E042298)
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During the observation period of  

October 13, 2015, to August 31, 2018, 

JAXA’s CALorimetric Electron Telescope 

(CALET) recorded a wide range of 

measurements for cosmic proton spectrum 

from 50 GeV to 10 TeV. The instrument is the first to 

cover this wide range of proton spectrum, previously  

only covered by multiple detectors. The data will help 

astronomers shed light on the origin of spectral 

hardening, contradicting conventional single power-law 

spectrum predictions. Improved statistics and a better 

understanding of the instrument based on the analysis  

of additional flight data during the ongoing years of 

observations will help to confirm a charge-dependent 

energy cutoff, possibly due to the acceleration limit in 

supernova remnants in proton and helium spectra.  

The data are also expected to inform development  

of updated constraints on acceleration models.

Adriani O, Akaike Y, Asano K, Asaoka Y, Bagliesi MG, et al. Direct 
Measurement of the Cosmic-Ray Proton Spectrum from 50 GeV to 
10 TeV with the Calorimetric Electron Telescope on the International 
Space Station. Physical Review Letters. 2019 May 10; 122(18): 
181102. DOI: 10.1103/PhysRevLett.122.181102.

PUBLICATION HIGHLIGHTS: 

EARTH AND SPACE SCIENCE
The position of the space station in low-Earth orbit provides a unique vantage point  
for collecting Earth and space science data. From an average altitude of about 400 km, 
details in such features as glaciers, agricultural fields, cities and coral reefs in images  
taken from the ISS can be combined with data from orbiting satellites and other sources 
to compile the most comprehensive information available. Even with the many satellites 
now orbiting in space, the ISS continues to provide unique views of our planet and  
the universe.

Close-up view of CALET from the truss of the ISS (ISS055E006398).

DISCOVERY
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The ISS provides a unique opportunity  

to capture a variety of sites on Earth by 

providing repeated overflight passes with 

different lighting and viewing angles. 

Through NASA’s Crew Earth Observations 

(CEO), ISS crew members share their views of the Earth 

with the public and take pictures of some of the most 

dramatic examples of change on the Earth’s surface. 

From Expedition 1 through the present, ISS crew 

members have taken more than 3 million images  

of Earth, almost 10 times more images than taken from 

orbit by explorers from the first Mercury mission to the 

last Space Shuttle mission. Scientists and the public 

around the world have access to CEO images captured 

by crew members on the ISS through the Gateway to 

Astronaut Photography of Earth website (http://eol.jsc.

nasa.gov). Between 1,000,000 and 11,000,000 digital 

photographs of Earth taken from the CEO collection 

were downloaded by the public each month during 

2018. Analyses using CEO data have been published  

in scientific journals in a wide variety of disciplines. 

Images of the Earth at night are an exceptional source 

of human geographical data because artificial light 

highlights human activity. Since ISS imagery provides 

some spectral information as well as street-level 

resolution, nighttime imagery reveals “cultural footprints” 

and is of greater use than daytime photography in a 

variety of studies. 

Earth imagery from the ISS provided critical data  

on the impacts of artificial nighttime lighting with  

the concurrence of studies of behavioral impacts  

and ecological effects on wildlife. The combination  

of laboratory and field techniques along with lighting 

values mapped out using ISS imagery provided 

significant evidence of the impacts from lighting  

patterns in urban areas. The area of focus was the city 

of Chicago. Area wildlife monitoring data were combined 

with illumination levels from artificial light along with 

several algorithms to isolate other factors not related  

to lighting to determine how lighting patterns may 

influence wildlife behavior on a broad scale.

Because of how we understand habitat in urban 

environments, findings not only provide further 

information about the potential behavioral effects  

of nocturnal illumination, they also present important 

implications for urban design and policy, supporting 

calls to include analysis of artificial lighting in landscape 

ecology studies. Planners should consider not only 

the physical network of patches and corridors defining 

urban greenspace but also the “nocturnal network” 

formed by relatively dark areas in order to best support 

urban wildlife.

Schirmer AE, Gallemore C, Liu T, Magle S, DiNello E, Ahmed H,  
Gilday T. Mapping behaviorally relevant light pollution levels to  
improve urban habitat planning. Scientific Reports. 2019 August 15; 
9(1): 11925. DOI: 10.1038/s41598-019-48118-z.

CEO images of Chicago, IL, USA at night on (A) January 19, 2008, (B) January 31, 2012 and (C) October 9, 2013 
(ISS16E024220, ISS30E061820, ISSE037E008303).

BENEFITS
FOR HUMANITY

A B C

http://eol.jsc.nasa.gov
http://eol.jsc.nasa.gov
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Word cloud of sources containing  
ISS results publications from  
October 1, 2018 – October 1, 2019.
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ISS Research Results Publications  
October 1, 2018 - October 1, 2019
(Listed by category and alphabetically by investigation.) 

BIOLOGY AND BIOTECHNOLOGY

Advanced Plant Experiment -03 Transgenic 

Arabidopsis Gene Expression System Intracellular 

Signaling Architecture (APEX-03-2 TAGES-ISA) —  

Beisel NS, Noble J, Barbazuk WB, Paul AL, Ferl RJ. 

Spaceflight-induced alternative splicing during seedling 

development in Arabidopsis thaliana. npj Microgravity. 

2019 3 April;5(9):5 pp. DOI: 10.1038/s41526-019-0070-7.

Advanced Plant Experiment -03 Transgenic 

Arabidopsis Gene Expression System Intracellular 

Signaling Architecture (APEX-03-2 TAGES-ISA) —  

Zhou M, Sng NJ, LeFrois CE, Paul AL, Ferl RJ. 

Epigenomics in an extraterrestrial environment:  

Organ-specific alteration of DNA methylation and gene 

expression elicited by spaceflight in Arabidopsis 

thaliana. BMC Genomics. 2019 March 12; 20(1): 205.  

DOI: 10.1186/s12864-019-5554-z.

Studies on gravity-controlled growth and 

development in plants using true microgravity 

conditions (Auxin Transport) — Kamada M, Oka M, 

Inoue R, Fujitaka Y, Miyamoto K, et al. Gravity-regulated 

localization of PsPIN1 is important for polar auxin 

transport in etiolated pea seedlings: Relevance to  

the International Space Station experiment.  

Life Sciences in Space Research. 2019 August;  

22:29-37. DOI: 10.1016/j.lssr.2019.07.001.

Studies on gravity-controlled growth and 

development in plants using true microgravity 

conditions (Auxin Transport) — Miyamoto K, Inui A, 

Uheda E, Oka M, Kamada M, et al. Polar auxin  

transport is essential to maintain growth and 

development of etiolated pea and maize seedlings 

grown under 1 g conditions: Relevance to the 

international space station experiment. Life Sciences  

in Space Research. 2019 February;20:11 pp.  

DOI: 10.1016/j.lssr. 2018.11.001.

Biological Research In Canisters-17-1: 

Undifferentiated Cell development in Arabidopsis 

plants in Microgravity (BRIC-17-1) — Zupanska AK, 

LeFrois CE, Ferl RJ, Paul AL. HSFA2 functions in the 

physiological adaptation of undifferentiated plant cells to 

spaceflight. International Journal of Molecular Sciences. 

2019 January;20(2):320. DOI: 10.3390/ijms20020390.

Biological Research In Canisters - 19 (BRIC-19) —  

Choi W, Barker RJ, Kim S, Swanson SJ, Gilroy S. 

Variation in the transcriptome of different ecotypes  

of Arabidopsis thaliana reveals signatures of oxidative 

stress in plant responses to spaceflight. American 

Journal of Botany. 2019 January;106(1):123-136.  

DOI: 10.1002/ajb2.1223.

Biological Research In Canisters - 21/ Biological 

Research In Canisters - 23 (BRIC-21/BRIC-23) —  

Morrison MD, Fajardo-Cavazos P, Nicholson WL. 

Comparison of Bacillus subtilis transcriptome profiles 

from two separate missions to the International Space 

Station. npj Microgravity. 2019 January 7;5(1):11 pp. 

DOI: 10.1038/s41526-018-0061-0.

Biological Research In Canisters - Natural Product 

under Microgravity (BRIC-NP) — Romsdahl J, 

Blachowicz A, Chiang AJ, Chiang Y, Masonjones S,  

et al. International Space Station conditions alter 

genomics, proteomics, and metabolomics in Aspergillus 

nidulans. Applied Microbiology and Biotechnology.  

2018 December 12;103(3):1363-1377.  

DOI: 10.1007/s00253-018-9525-0.

Biological Research In Canisters - Natural Product 

under Microgravity (BRIC-NP) — Romsdahl J, 

Blachowicz A, Chiang AJ, Singh NK, Stajich JE, et al. 

Characterization of Aspergillus niger Isolated from the 

International Space Station. mSystems. 2018 October 

30;3(5):e00112-18. DOI: 10.1128/mSystems.00112-18.
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Influence of Factors of the Space Environment on 

the Condition of the System of Microorganisms-

Hosts Relating to the Problem of Environmental 

Safety of Flight Techniques and Planetary 

Quarantine (Biorisk-KM-Metally and Biorisk-

KM-Polimery) — Sobisch L, Rogowski KM, Fuchs J, 

Schmieder W, Vaishampayan A, et al. Biofilm Forming 

Antibiotic Resistant Gram-Positive Pathogens Isolated 

From Surfaces on the International Space Station. 

Frontiers in Microbiology. 2019 March 19;10(543):1-16. 

DOI: 10.3389/fmicb.2019.00543.

Functional Effects of Spaceflight on 

Cardiovascular Stem Cells (Cardiac Stem Cells) —  

Camberos V, Baio J, Bailey L, Hasaniya N, Lopez LV, 

Kearns-Jonker M. Effects of Spaceflight and Simulated 

Microgravity on YAP1 Expression in Cardiovascular 

Progenitors: Implications for Cell-Based Repair. 

International Journal of Molecular Sciences.  

2019 June 4;20(11):2742.

Commercial Biomedical Testing Module: Effects 

of Osteoprotegerin on Bone Maintenance in 

Microgravity (CBTM) — Hammond TG, Allen PL, 

Birdsall HH. Effects of space flight on mouse liver versus 

kidney: Gene pathway analyses. International Journal of 

Molecular Sciences. 2018 December 18;19(12):12 pp. 

DOI: 10.3390/ijms19124106.

Commercial Biomedical Testing Module-3: 

Assessment of sclerostin antibody as a novel  

bone forming agent for prevention of spaceflight-

induced skeletal fragility in mice/Commercial 

Biomedical Testing Module-3: STS-135 space 

flight’s affects on vascular atrophy in the hind 

limbs of mice (CBTM-3-Sclerostin Antibody/ 

CBTM-3-Vascular Atrophy) — Pecaut MJ,  

Mao XW, Bellinger DL, Jonscher KR, Stodieck LS,  

et al. Is spaceflight-induced immune dysfunction  

linked to systemic changes in metabolism?  

PLOS ONE. 2017 May 24;12(5):e0174174.  

DOI: 10.1371/journal.pone.0174174.*

 

Commercial Biomedical Testing Module-3: 

Assessment of sclerostin antibody as a novel bone 

forming agent for prevention of spaceflight-

induced skeletal fragility in mice/Commercial 

Biomedical Testing Module-3: STS-135 space 

flight’s affects on vascular atrophy in the hind 

limbs of mice (CBTM-3-Sclerostin Antibody/CBTM-

3-Vascular Atrophy) — Mao XW, Sandberg LB,  

Gridley DS, Herrmann EC, Zhang G, et al. Proteomic 

analysis of mouse brain subjected to spaceflight. 

International Journal of Molecular Sciences.  

2018 December 20; 20(1): 16 pp.  

DOI: 10.3390/ijms20010007.

European Technology Exposure Facility-Expose-

Protect (EuTEF-Expose-Protect) — Chiang AJ, 

Mohan GB, Singh NK, Vaishampayan PA, Kalkum 

M, Venkateswaran K. Alteration of Proteomes in 

First-Generation Cultures of Bacillus pumilus Spores 

Exposed to Outer Space. mSystems. 2019 August 27; 

4(4):e00195-19. DOI: 10.1128/mSystems.00195-19.

EXPOSE-R2-Biofilm Organisms Surfing Space 

(EXPOSE-R2-BOSS) — Panitz C, Frosler J, Wingender J, 

Flemming H, Rettberg P. Tolerances of Deinococcus 

geothermalis Biofilms and Planktonic Cells Exposed to 

Space and Simulated Martian Conditions in Low Earth 

Orbit for Almost Two Years. Astrobiology. 2019 March 29; 

19(7):16 pp. DOI: 10.1089/ast.2018.1913.

Extremophiles — Mora M, Wink L, Kögler I,  

Mahnert A, Rettberg P, et al. Space Station  

conditions are selective but do not alter microbial 

characteristics relevant to human health. Nature 

Communications. 2019 September;10(1):3990.  

DOI: 10.1038/s41467-019-11682-z.

Investigation of the Osteoclastic and Osteoblastic 

Responses to Microgravity Using Goldfish Scales 

(Fish Scales) — Ikegame M, Hattori A, Tabata MJ, 

Kitamura K, Tabuchi Y, et al. Melatonin is a potential 

drug for the prevention of bone loss during space flight. 

Journal of Pineal Research. 2019 October;67(3):13 pp. 

DOI: 10.1111/jpi.12594.
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Genes in Space-4 — Montague TG, Almansoori A, 

Gleason EJ, Copeland DS, Foley KD, et al. Gene 

expression studies using a miniaturized thermal cycler 

system on board the International Space Station.  

PLOS ONE. 2018 October 31;13(10):e0205852.  

DOI: 10.1371/journal.pone.0205852.

ISS Non-invasive Sample Investigation and results 

Transmission to ground with the Utmost easiness 

(In SITU) — Zangheri M, Mirasoli M, Guardigli M,  

Di Nardo F, Anfossi L, et al. Chemiluminescence-based 

biosensor for monitoring astronauts’ health status during 

space missions: results from the International Space 

Station. Biosensors and Bioelectronics. 2019 March 15; 

129:260-268. DOI: 10.1016/j.bios.2018.09.059.

International Space Station Internal Environments —  

Blaustein RA, McFarland AG, Maamar SB, Lopez A,  

Castro-Wallace SL, Hartmann EM. Pangenomic 

approach to understanding microbial adaptations  

within a model built environment, the International  

Space Station, relative to human hosts and soil. 

mSystems. 2019 February 26;4(1):e00281-18.  

DOI: 10.1128/mSystems.00281-18.

International Space Station Internal Environments —  

Singh NK, Bezdan D, Checinska Sielaff A, Wheeler K, 

Mason CE, Venkateswaran KJ. Multi-drug resistant 

Enterobacter bugandensis species isolated from  

the International Space Station and comparative  

genomic analyses with human pathogenic strains.  

BMC Microbiology. 2018 November 23;18(1):175.  

DOI: 10.1186/s12866-018-1325-2.

International Space Station Internal Environments —  

Boyajian B, Meyer ME. Characterization and analysis  

of aerosol particle retention and re-aerosolization from 

hook-and-loop fasteners on the International Space 

Station. NASA Technical Memorandum. 2018 October. 

International Space Station Summary of  

Research Performed — Vaishampayan A,  

Grohmann E. Multi-resistant biofilm-forming pathogens 

on the International Space Station. Journal of 

Biosciences. 2019 September 21;44(5):125.  

DOI: 10.1007/s12038-019-9929-8.

International Space Station Summary of Research 

Performed — De Middeleer G, Leys N, Sas B,  

De Saeger S. Fungi and Mycotoxins in Space— 

A Review. Astrobiology. 2019 April 11;19(7):1-12.  

DOI: 10.1089/ast.2018.1854. 

International Space Station Summary of Research 

Performed — Talburt ED, French AJ, Lopez DK,  

Polo SL, Boyko V, et al. Temporal RNA integrity analysis 

of archived spaceflight biological samples. Gravitational 

and Space Research. 2018 December 17;6(2):10 pp.

International Space Station Summary of Research 

Performed — Imura T, Nakagawa K, Kawahara Y,  

Yuge L. Stem Cell Culture in Microgravity and Its 

Application in Cell-Based Therapy. Stem Cells and 

Development. 2018 September 15; 27(18):1298-1302. 

DOI: 10.1089/scd.2017.0298.*

JAXA Mouse Habitat Unit (JAXA MHU) — 

Matsumura T, Noda T, Muratani M, Okada R,  

Yamane M, et al. Male mice, caged in the International 

Space Station for 35 days, sire healthy offspring. 

Scientific Reports. 2019 September 24;9(1):1-8.  

DOI: 10.1038/s41598-019-50128-w.

JAXA Mouse Habitat Unit (JAXA MHU) — Matsuda C,  

Kato T, Inoue-Suzuki S, Kikuchi J, Ohta T, et al. Dietary 

intervention of mice using an improved Multiple Artificial-

gravity Research System (MARS) under artificial 1 g.  

npj Microgravity. 2019 July 8; 5(1): 16 pp.  

DOI: 10.1038/s41526-019-0077-0.

JAXA Mouse Habitat Unit (JAXA MHU)/Mouse 

Epigenetics — Horie K, Sasanuma H, Kudo T, Fujita S, 

Miyauchi M, et al. Down-regulation of GATA1-dependent 

erythrocyte-related genes in the spleens of mice exposed 

to a space travel. Scientific Reports. 2019 May 21; 

9(1):7654. DOI: 10.1038/s41598-019-44067-9.

JAXA Mouse Habitat Unit (JAXA MHU) —  

Tominari T, Ichimaru R, Taniguchi K, Yumoto A, 

Shirakawa M, et al. Hypergravity and microgravity 

exhibited reversal effects on the bone and muscle mass 

in mice. Scientific Reports. 2019 April 29;9(1):6614.  

DOI: 10.1038/s41598-019-42829-z.



33

Japan Aerospace Exploration Agency Protein 

Crystallization Growth (JAXA PCG) —  

Sakamoto Y, Suzuki Y, Nakamura A, Watanabe Y,  

Sekiya M, et al. Fragment-based discovery of the  

first nonpeptidyl inhibitor of an S46 family peptidase. 

Scientific Reports. 2019 September 19;9(1):1-15.  

DOI: 10.1038/s41598-019-49984-3.

Japan Aerospace Exploration Agency Protein 

Crystallization Growth (JAXA PCG) — Morita Y, 

Yamada T, Kureishi M, Kihira K, Komatsu T.  

Quaternary Structure Analysis of a Hemoglobin Core  

in Hemoglobin−Albumin Cluster. Journal of Physical 

Chemistry B. 2018 December 20;122(50):12031-12039. 

DOI: 10.1021/acs.jpcb.8b10077.

Japan Aerospace Exploration Agency  

Protein Crystallization Growth (JAXA PCG) —  

Dubova KM, Sokolov AV, Gorbunov NP, Samygina VR.  

Preliminary X-ray diffraction study of macrophage 

migration inhibitory factor at near-atomic resolution. 

Crystallography Reports. 2018 November 1;63(6): 

951-954. DOI: 10.1134/S1063774518060111. 

Japan Aerospace Exploration Agency Protein 

Crystallization Growth (JAXA PCG) — Negoro S, 

Shibata N, Lee Y, Takehara I, Kinugasa R, et al.  

Structural basis of the correct subunit assembly, 

aggregation, and intracellular degradation of nylon 

hydrolase. Scientific Reports. 2018 June 27;8(1):1-16. 

DOI: 10.1038/s41598-018-27860-w.*

Japan Aerospace Exploration Agency Protein 

Crystallization Growth (JAXA PCG) — Nakae S, 

Shionyu M, Ogawa T, Shirai T. Structures of jacalin-

related lectin PPL3 regulating pearl shell 

biomineralization. Proteins: Structure, Function,  

and Bioinformatics. 2018 March 5;86(6):644-653.  

DOI: 10.1002/prot.25491.*

Japan Aerospace Exploration Agency Protein 

Crystallization Growth/Japan Aerospace 

Exploration Agency Protein Crystallization Growth 

Demonstration Experiment (JAXA PCG/JAXA PCG 

Demo) — Hatae H, Inaka K, Okamura R, Furubayashi N, 

Kamo M, et al. Crystallization of human erythrocyte 

Band 3, the anion exchanger, at the International Space 

Station “KIBO”. Analytical Biochemistry. 2018 October 15; 

559:91-93. DOI: 10.1016/j.ab.2018.08.009.

The Effect of Macromolecular Transport of 

Microgravity Protein Crystallization (LMM 

Biophysics 1) —Martirosyan A, DeLucas LJ,  

Schmidt C, Perbandt M, McCombs D, et al. Effect of 

macromolecular mass transport in microgravity protein 

crystallization. Gravitational and Space Research.  

2019 September 10;7(1):33-44.  

DOI: 10.2478/gsr-2019-0005.

Spaceflight Environment Induces Remodeling  

of Vascular Network and Glia-vascular 

Communication in Mouse Retina (Mao Eye) — 

Overbey EG, Silveira WA, Stanbouly S, Nishiyama NC, 

et al. Spaceflight influences gene expression, 

photoreceptor integrity, and oxidative stress-related 

damage in the murine retina. Scientific Reports.  

2019 September 16;9(1):1-12.  

DOI: 10.1038/s41598-019-49453-x.

Spaceflight Environment Induces Remodeling  

of Vascular Network and Glia-vascular 

Communication in Mouse Retina (Mao Eye) —  

Mao XW, Nishiyama NC, Byrum S, Stanbouly S,  

Jones TA, et al. Characterization of mouse ocular 

response to a 35-day spaceflight mission: Evidence of 

blood-retinal barrier disruption and ocular adaptations. 

Scientific Reports. 2019 June 3;9(1):8215.  

DOI: 10.1038/s41598-019-44696-0.

Effect of Microgravity on Osteoclasts and the 

Analysis of the Gravity Sensing System in Medaka 

(Medaka Osteoclast/Medaka Osteoclast 2) — 

Chatani M, Kudo A. Fish as a Model for Research in 

Space. Handbook of Space Pharmaceuticals. 2019. 



34

MELiSSA ON board DAnish Utilisation flight 

(MELONDAU) — Ilgrande C, Mastroleo F,  

Christiaens ME, Lindeboom R, Prat D, et al.  

Reactivation of Microbial Strains and Synthetic 

Communities After a Spaceflight to the International 

Space Station: Corroborating the Feasibility of Essential 

Conversions in the MELiSSA Loop. Astrobiology.  

2019 June 4;19(9):1-10. DOI: 10.1089/ast.2018.1973.

Microbial Dynamics in International Space  

Station - II/Microbial Dynamics in International 

Space Station – III (Microbe-II/Microbe-III) — 

Yamaguchi N, Ichijo T, Nasu M. Bacterial monitoring in 

the International Space Station-“Kibo” based on rRNA 

gene sequence. Transactions of the Japan Society 

for Aeronautical and Space Sciences, Aerospace 

Technology Japan. 2016;14(ists30): 4 pp.  

DOI: 10.2322/tastj.14.Pp_1.*

Microbial Tracking Payload Series (Microbial 

Observatory-1) — Singh NK, Wood JM, Mhatre SS, 

Venkateswaran KJ. Metagenome to phenome approach 

enables isolation and genomics characterization 

of Kalamiella piersonii gen. nov., sp. nov. from the 

International Space Station. Applied Microbiology  

and Biotechnology. 2019 June;103(11):4483-4497.  

DOI: 10.1007/s00253-019-09813-z.

Microbial Tracking Payload Series (Microbial 

Observatory-1) — Blachowicz A, Chiang AJ,  

Elsaesser A, Kalkum M, Ehrenfreund P, et al.  

Proteomic and Metabolomic Characteristics of 

Extremophilic Fungi Under Simulated Mars Conditions.  

Frontiers in Microbiology. 2019 May 15;10:1013.  

DOI: 10.3389/fmicb.2019.01013.

Microbial Tracking Payload Series (Microbial 

Observatory-1) — Checinska Sielaff A, Urbaniak C, 

Mohan GB, Stepanov VG, Tran Q, et al. Characterization 

of the total and viable bacterial and fungal communities 

associated with the International Space Station 

surfaces. Microbiome. 2019 April 8;7(1):50.  

DOI: 10.1186/s40168-019-0666-x.

Microbial Tracking Payload Series (Microbial 

Observatory-1) — Xiao S, Venkateswaran KJ,  

Jiang SC. The risk of Staphylococcus skin infection 

during space travel and mitigation strategies.  

Microbial Risk Analysis. 2019 April;11:23-30.  

DOI: 10.1016/j.mran.2018.08.001.

Microbial Tracking Payload Series (Microbial 

Observatory-1) — Blachowicz A, Chiang AJ, 

Romsdahl J, Kalkum M, Wang CC, Venkateswaran KJ. 

Proteomic characterization of Aspergillus fumigatus 

isolated from air and surfaces of the International Space 

Station. Fungal Genetics and Biology. 2019 March;  

124: 39-46. DOI: 10.1016/j.fgb.2019.01.001.

Microbial Tracking Payload Series  

(Microbial Observatory-1) — Urbaniak C,  

van Dam P, Zaborin A, Zaborina O, Gilbert JA, et al. 

Genomic Characterization and Virulence Potential  

of Two Fusarium oxysporum Isolates Cultured from  

the International Space Station. mSystems. 

2019;4:e00345-18. DOI: 10.1128/mSystems.00345-18.

Microbial Tracking Payload Series (Microbial 

Observatory-1) — Singh NK, Wood JM, Karouia F, 

Venkateswaran KJ. Succession and persistence of 

microbial communities and antimicrobial resistance 

genes associated with International Space Station 

environmental surfaces. Microbiome. 2018 November 13; 

6(1):204. DOI: 10.1186/s40168-018-0585-2.

NanoRacks-Beijing Institute of Technology-1:  

DNA Mismatch during a PCR Reaction Exposed  

to the Space Environment (NanoRacks-BIT-1) —  

Yang C, Deng Y, Ren H, Wang R, Li X. A multi-channel 

polymerase chain reaction lab-on-a-chip and its 

application in spaceflight experiment for the study of 

gene mutation. Acta Astronautica. 2018 November 29; 

epub. DOI: 10.1016/j.actaastro.2018.11.049.

NanoRacks-CellBox-Effect of Microgravity on 

Human Thyroid Carcinoma Cells (NanoRacks-

CellBox-Thyroid Cancer) — Strauch SM, Grimm DG,  

Corydon TJ, Kruger M, Bauer J, et al. Current 

knowledge about the impact of microgravity on  

the proteome. Expert Review of Proteomics. 2019; 

16(1):5-16. DOI: 10.1080/14789450.2019.1550362.
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NanoRacks-Comparison of the Growth Rate and 

DNA Characterization of Microgravity Exposed 

Microbial Community Samples (NanoRacks-

Project MERCCURI) — Gonzalez E, Pitre FE,  

Brereton NJ. ANCHOR: a 16S rRNA gene amplicon 

pipeline for microbial analysis of multiple environmental 

samples. Environmental Microbiology. 2019 May 21; 

21(7):2440-2468. DOI: 10.1111/1462-2920.14632.

Nanotechnology Solutions against Oxidative 

Stress in Muscle Tissue during Long-term 

Microgravity Exposure (NANOROS) — Genchi GG, 

Degl’Innocenti A, Salgarella AR, Pezzini I, Marino A,  

et al. Modulation of gene expression in rat muscle cells 

following treatment with nanoceria in different gravity 

regimes. Nanomedicine. 2018 October 18;13(22).  

DOI: 10.2217/nnm-2018-0316.

Plant circumnutation and its dependence  

on the gravity response (Plant Rotation) — 

Kobayashi A, Kim H, Tomita Y, Miyazawa Y, Fujii N,  

et al. Circumnutational movement in rice coleoptiles 

involves the gravitropic response: analysis of an 

agravitropic mutant and space-grown seedlings. 

Physiologia Plantarum. 2019 March;165:464-475.  

DOI: 10.1111/ppl.12824.

Studying the Features of the Growth and 

Development of Plants, and Technology for  

their Culturing in Spaceflight on the ISS RS 

(Rastenia-Gorokh) — Yurkevich OY, Samatadze TE, 

Levinskikh MA, Zoshchuk SA, Signalova OB, et al. 

Molecular cytogenetics of Pisum sativum L. grown 

under spaceflight-related stress. BioMed Research 

International. 2018 December 6;2018:10 pp.  

DOI: 10.1155/2018/4549294.

Rodent Research Hardware and Operations 

Validation (Rodent Research-1) — Jiang P,  

Green SJ, Chlipala GE, Turek F, Vitaterna MH. 

Reproducible changes in the gut microbiome suggest 

a shift in microbial and host metabolism during 

spaceflight. Microbiome. 2019 August 9;7(1):113.  

DOI: 10.1186/s40168-019-0724-4.

Rodent Research Hardware and Operations 

Validation (Rodent Research-1) — Cadena S,  

Zhang Y, Fang J, Brachat S, Kuss P, et al. Skeletal 

muscle in MuRF1 null mice is not spared in low-gravity 

conditions, indicating atrophy proceeds by unique 

mechanisms in space. Scientific Reports. 2019 June 28; 

9(1):9397. DOI: 10.1038/s41598-019-45821-9.

Rodent Research Hardware and Operations 

Validation (Rodent Research-1) — Ronca AE,  

Moyer EL, Talyansky Y, Lowe M, Padmanabhan S,  

Choi SY, Gong CS, Cadena S, Stodieck LS,  

Globus RK. Behavior of mice aboard the International 

Space Station. Scientific Reports. 2019 April 11; 9:  

14 pp. DOI: 10.1038/s41598-019-40789-y.

Tissue Regeneration-Bone Defect (Rodent 

Research-4: CASIS) — Maupin KA, Childress P, 

Brinker A, Khan F, Abeysekera I, et al. Skeletal 

adaptations in young male mice after 4 weeks  

aboard the International Space Station.  

npj Microgravity. 2019 September 24;5(1):1-10.  

DOI: 10.1038/s41526-019-0081-4.

Tissue Regeneration-Bone Defect (Rodent 

Research-4: CASIS) — Dadwal UC, Maupin KA, 

Zamarioli A, Tucker A, Harris J, et al. The effects of 

spaceflight and fracture healing on distant skeletal  

sites. Scientific Reports. 2019 August 6; 9(1):11419. 

DOI: 10.1038/s41598-019-47695-3.

Tissue Regeneration-Bone Defect (Rodent 

Research-4: CASIS) — Ogneva IV, Usik MA, Loktev SS,  

Zhdankina YS, Biryukov NS, et al.  Testes and duct 

deferens of mice during space flight: cytoskeleton 

structure, sperm-specific proteins and epigenetic 

events. Scientific Reports. 2019 July 5;9(1):9730.  

DOI: 10.1038/s41598-019-46324-3.

Role of the Edocannabinoid System in Pluripotent 

Human Stem Cell Reprogramming under 

Microgravity Conditions (SERiSM) — Gambacurta A,  

Merlini G, Ruggiero C, Diedenhofen G, Battista N,  

Bari M, et al. Human osteogenic differentiation in Space: 

proteomic and epigenetic clues to better understand 

osteoporosis. Scientific Reports. 2019 June 6;9(1):8343. 

DOI: 10.1038/s41598-019-44593-6.
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SPHEROIDS — Kruger M, Kopp S, Wehland M,  

Bauer J, Baatout S, et al. Growing blood vessels  

in space: Preparation studies of the SPHEROIDS  

project using related ground-based studies.  

Acta Astronautica. 2019 June 1; 159: 267-272.  

DOI: 10.1016/j.actaastro.2019.03.074.

SPHEROIDS — Kruger M, Pietsch J, Bauer J,  

Kopp S, Carvalho DT, et al. Growth of Endothelial Cells 

in Space and in Simulated Microgravity – a Comparison 

on the Secretory Level. Cellular Physiology and 

Biochemistry. 2019 April 13;52(2):1039-1060.  

DOI: 10.33594/000000071.

SPaceflight of Huvec: an Integrated eXperiment 

(SPHINX) — Beheshti A, McDonald JT, Miller J, 

Grabham P, Costes SV. GeneLab database analyses 

suggest long-term impact of space radiation on the 

cardiovascular system by the activation of FYN through 

reactive oxygen species. International Journal of 

Molecular Sciences. 2019 January;20(3):661.  

DOI: 10.3390/ijms20030661.

Stem Cell Differentiation — Bradamante S,  

Rivero D, Barenghi L, Balsamo M, Minardi SP, et al.  

SCD – Stem Cell Differentiation toward osteoblast 

onboard the International Space Station. Microgravity 

Science and Technology. 2018 October;30(5):713-729.  

DOI: 10.1007/s12217-018-9653-2.

eValuatIon And monitoring of microBiofiLms  

insidE International Space Station (VIABLE ISS) — 

Bacci G, Amalfitano S, Levantesi C, Rossetti S,  

Garrelly L, et al. Microbial community composition of 

water samples stored inside the International Space 

Station. Research in Microbiology. 2019 June 1; 

170(4):230-234. DOI: 10.1016/j.resmic.2019.04.003.

HUMAN RESEARCH

Advanced Resistive Exercise Device (ARED) —  

Sibonga J, Matsumoto T, Jones JA, Shapiro J, Lang TF, 

et al. Resistive exercise in astronauts on prolonged 

spaceflights provides partial protection against 

spaceflight-induced bone loss. Bone. 2019 August 7; 

128:10 pp. DOI: 10.1016/j.bone.2019.07.013.

Advanced Resistive Exercise Device/Cycle 

Ergometer with Vibration Isolation and 

Stabilization/Interim Resistive Exercise Device/

Integrated Resistance and Aerobic Training Study  

(ARED/CEVIS/iRED/Sprint) — Scott JP, Weber T, 

Green DA. Introduction to the Frontiers Research Topic: 

Optimisation of Exercise Countermeasures for Human 

Space Flight – Lessons from Terrestrial Physiology and 

Operational Considerations. Frontiers in Physiology. 

2019;10:173. DOI: 10.3389/fphys.2019.00173.

The effect of long-term microgravity exposure  

on cardiac autonomic function by analyzing 

48-hours electrocardiogram (Biological Rhythms 

48 hrs) — Otsuka K, Cornelissen G, Kubo Y, Shibata K, 

Mizuno K, et al. Anti-aging effects of long-term  

space missions, estimated by heart rate variability. 

Scientific Reports. 2019 June 20;9(1):8995.  

DOI: 10.1038/s41598-019-45387-6.

A Simple In-flight Method to Test the Risk of 

Fainting on Return to Earth After Long-Duration 

Spaceflights (BP Reg) — Wood KN, Greaves DK, 

Hughson RL. Inter-relationships between pulse arrival 

time and arterial blood pressure during postural 

transitions before and after spaceflight. Journal of 

Applied Physiology. 2019 August 15;127(4):1050-1057. 

DOI: 10.1152/japplphysiol.00317.2019.

Brain - Diffusion Tensor Magnetic Resonance 

Imaging (Brain-DTI) — van Ombergen A, Jillings S, 

Jeurissen B, Tomilovskaya ES, Rumshiskaya A, et al. 

Brain ventricular volume changes induced by long-

duration spaceflight. Proceedings of the National 

Academy of Sciences of the United States  

of America. 2019 May 6;116(21):10531-10536.  

DOI: 10.1073/pnas.1820354116.

Brain - Diffusion Tensor Magnetic Resonance 

Imaging (Brain-DTI) — Pechenkova E, Nosikova I, 

Rumshiskaya A, Litvinova L, Rukavishnikov I, et al. 

Alterations of Functional Brain Connectivity After  

Long-Duration Spaceflight as Revealed by fMRI. 

Frontiers in Physiology. 2019;10:761.  

DOI: 10.3389/fphys.2019.00761.
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Comprehensive Study of the Pattern of Main 

Indicators of Cardiac Activity and Blood 

Circulation (Cardio-ODNT) — Kotovskaya AR. 

Changes on Main Vein Characteristics of Cosmonaut’s 

Lower Extremities in the Course of Year-Long Space 

Missions. Aerospace and Environmental Medicine. 

2016;50(6):5-10.* 

Cardiovascular and Cerebrovascular Control on 

Return from ISS (CCISS) — Hughson RL, Helm A, 

Durante M. Heart in space: effect of the extraterrestrial 

environment on the cardiovascular system.  

Nature Reviews Cardiology. 2018 March;15:167-180.  

DOI: 10.1038/nrcardio.2017.157.*

Salivary Markers of Metabolic Changes during 

Space Missions (Check-Saliva) — Bilancio G,  

Cavallo P, Lombardi C, Guarino E, Cozza V, et al.  

Urea and minerals monitoring in Space Missions by  

Spot Samples of Saliva and Urine. Aerospace Medicine 

and Human Performance. 2019 January 1;90(1):43-47.  

DOI: 10.3357/AMHP.5200.2019.

Echo — Arbeille P, Chaput D, Zuj KA, Depriester A, 

Maillet A, et al. Remote Echography between a  

Ground Control Center and the International Space 

Station Using a Tele-operated Echograph with  

Motorized Probe. Ultrasound in Medicine and Biology.  

2018 November;44(11):2406-2412.  

DOI: 10.1016/j.ultrasmedbio.2018.06.012.

ELaboratore Immagini TElevisive - Space 2 

(ELITE-S2) — Gravano S, Zago M, Lacquaniti F. Mental 

imagery of gravitational motion. Cortex. 2017 October; 

95:172-191. DOI: 10.1016/j.cortex.2017.08.005.*

Validation of Procedures for Monitoring 

Crewmember Immune Function/The Effects of 

Long-Term Exposure to Microgravity on Salivary 

Markers of Innate Immunity (Integrated Immune/

Salivary Markers) — Spielmann G, Agha NH, Kunz HE, 

Simpson RJ, Crucian BE, et al. B-cell homeostasis is 

maintained during long duration spaceflight. Journal of 

Applied Physiology. 2019 February;126(2):469-476. 

DOI: 10.1152/japplphysiol.00789.2018.

International Space Station Medical Monitoring —  

Brzhozovskiy AG, Kononikhin AS, Pastushkova LK, 

Kashirina DN, Indeykina M, et al. The Effects of 

Spaceflight Factors on the Human Plasma Proteome, 

Including Both Real Space Missions and Ground-Based 

Experiments. International Journal of Molecular 

Sciences. 2019 June 29;20(13):E3194.  

DOI: 10.3390/ijms20133194.

International Space Station Medical Monitoring —  

Kashirina DN, Percy AJ, Pastushkova LK, Borchers CH, 

Kireev KS, et al. The molecular mechanisms driving 

physiological changes after long duration space flights 

revealed by quantitative analysis of human blood 

proteins. BMC Medical Genomics. 2019 March 13;  

12: 45. DOI: 10.1186/s12920-019-0490-y. 

International Space Station Medical Monitoring —  

Pastushkova LK, Kashirina DN, Brzhozovskiy AG, 

Kononikhin AS, Tiys ES, et al. Evaluation of 

cardiovascular system state by urine proteome after 

manned space flight. Acta Astronautica. 2019 July; 

160:594-600. DOI: 10.1016/j.actaastro.2019.02.015.

International Space Station Medical Monitoring — 

Makowski MS, Norcross JR, Alexander D, Sanders RW, 

Conkin J, Young MH. Carbon monoxide levels in the 

extravehicular mobility unit by modeling and  

operational testing. Aerospace Medicine and  

Human Performance. 2019 February 1;90(2):84-91. 

DOI: 10.3357/AMHP.5220.2019.

International Space Station Medical Monitoring — 

Lee JK, Koppelmans V, Riascos-Castaneda RF,  

Hasan KM, Pasternak O, et al. Spaceflight-associated 

brain white matter microstructural changes and 

intracranial fluid redistribution. JAMA Neurology.  

2019 January 23;76(4):412-419.  

DOI: 10.1007/s10765-014-1662-9.

International Space Station Medical Monitoring —  

Burkhart K, Allaire B, Bouxsein ML. Negative effects  

of long-duration spaceflight on paraspinal muscle 

morphology. Spine. 2019 June;44(12):879-886.  

DOI: 10.1097/BRS.0000000000002959.
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International Space Station Medical Monitoring —  

Koryak YA. Architectural and functional specifics  

of the human triceps surae muscle in vivo and its 

adaptation to microgravity. Journal of Applied 

Physiology. 2019 April;126(4):880-893.  

DOI: 10.1152/japplphysiol.00634.2018.

International Space Station Medical Monitoring —  

Ramachandran V, Dalal S, Scheuring, Jones JA. 

Musculoskeletal Injuries in Astronauts: Review  

of Pre-flight, In-flight, Post-flight, and Extravehicular 

Activity Injuries. Current Pathobiology Reports.  

2018 September;6(3):149-158.  

DOI: 10.1007/s40139-018-0172-z.*

International Space Station Medical Monitoring —  

Fedorchenko KY, Ryabokon AM, Kononikhin AS, 

Mitrofanov SI, et al. The effect of space flight on  

the protein composition of the exhaled breath 

condensate of cosmonauts. Russian Chemical Bulletin. 

2016 November 1;65(11):2745-2750.  

DOI: 10.1007/s11172-016-1645-z. *

International Space Station Summary of Research 

Performed — Charles JB, Pietrzyk RA. A year on 

the International Space Station: Implementing a long-

duration biomedical research mission. Aerospace 

Medicine and Human Performance. 2019 January 1; 

90(1):4-11. DOI: 10.3357/AMHP.5178.2019. 

International Space Station Summary of  

Research Performed — Ruttley TM, Robinson JA, 

Gerstenmaier WH. The International Space Station: 

Collaboration, Utilization, and Commercialization. 

Society for In Vitro Biology. 2017 December 26; 98(4): 

1160-1174. DOI: 10.1111/ssqu.12469.*

Assessment of Operator Proficiency Following 

Long-Duration Space Flight (Manual Control) — 

Moore ST, Dilda V, Morris TR, Yungher DA,  

MacDougall HG, Wood SJ. Long-duration spaceflight 

adversely affects post-landing operator proficiency. 

Scientific Reports. 2019 February 19;9.  

DOI: 10.1038/s41598-019-39058-9.

Study of the Impact of Long-Term Space Travel  

on the Astronauts’ Microbiome (Microbiome) — 

Voorhies AA, Ott CM, Mehta SK, Pierson DL,  

Crucian BE, et al. Study of the impact of long-duration 

space missions at the International Space Station on the 

astronaut microbiome. Scientific Reports. 2019 July 09; 

9(1):9911. DOI: 10.1038/s41598-019-46303-8.

Effect of Gravitational Context on EEG Dynamics: 

A Study of Spatial Cognition, Novelty Processing 

and Sensorimotor Integration (Neurospat) —  

Petit G, Cebolla AM, Fattinger S, Petieau M, Summerer L,  

et al. Local sleep-like events during wakefulness and 

their relationship to decreased alertness in astronauts  

on ISS. npj Microgravity. 2019 May 2;5(1):1-10.  

DOI: 10.1038/s41526-019-0069-0.

Otolith Assessment During Postflight Re-adaptation 

(Otolith) — Clarke AH, Schonfeld U, Wood SJ.  

The OTOLITH Experiment - Assessment of Otolith 

Function During Postflight Re-adaption. ESA Life in 

Space for Life on Earth Symposium, Trieste, Italy.  

2010 June 13;2 pp.* 

Off-Vertical Axis Rotation: Eye Movements and 

Motion Perception Induced By Off-Axis Rotation 

at Small Angles of Tilt After Spaceflight, DSO 499 

(OVAR) — Reschke MF, Wood SJ, Clement GR.  

Effect of spaceflight on the spatial orientation of the 

vestibulo-ocular reflex during eccentric roll rotation:  

A case report. Journal of Vestibular Research - 

Equilibrium & Orientation. 2018 February 1;27(5-6): 

243-249. DOI: 10.3233/VES-170631.*

Study of Vegetative Regulation of the Cardio-

respiratory System in Weightlessness (Puls) —  

Hoffmann F, Mostl S, Luchitskaya ES, Funtova II,  

Jordan J, et al. An oscillometric approach in assessing 

early vascular ageing biomarkers following long-term 

space flights. International Journal of Cardiology 

Hypertension. 2019 August 1;2:100013.  

DOI: 10.1016/j.ijchy.2019.100013.
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The Effects of Long-Term Exposure to Microgravity 

on Salivary Markers of Innate Immunity (Salivary 

Markers) — Bigley AB, Agha NH, Baker FL,  

Spielmann G, Kunz HE, et al. NK-cell function is 

impaired during long-duration spaceflight. Journal of 

Applied Physiology. 2019 April;126(4):842-853.  

DOI: 10.1152/japplphysiol.00761.2018.

Myotendinous and Neuromuscular Adaptation  

to Long-term Spaceflight (Sarcolab) —  

Capri M, Morsiani C, Santoro A, Moriggi M, Conte M,  

et al. Recovery from 6-month spaceflight at the 

International Space Station: muscle-related stress  

into a proinflammatory setting. FASEB: Federation of 

American Societies for Experimental Biology Journal. 

2019 January 8;33(4):5168-5180.  

DOI: 10.1096/fj.201801625R.

Skin-B — Braun N, Thomas S, Tronnier H, Heinrich U. 

Self-reported skin changes by a selected number  

of astronauts after long-duration mission on ISS as 

part of the Skin B project. Skin Pharmacology and 

Physiology. 2018 November 28;32(1):52-57.  

DOI: 10.1159/000494689.

Skin-B — Braun N, Binder S, Grosch H, Theek C,  

Ulker J, et al. Current data on effects of long-term 

missions on the International Space Station on skin 

physiological parameters. Skin Pharmacology and 

Physiology. 2018 November 28;31(1):43-51.  

DOI: 10.1159/000494688. 

Sonographic Astronaut Vertebral Examination 

(Spinal Ultrasound) — Harrison MF, Garcia KM, 

Sargsyan AE, Ebert D, Riascos-Castaneda RF, 

Dulchavsky SA. Preflight, in-flight, and postflight  

imaging of the cervical and lumbar spine in  

astronauts. Aerospace Medicine and Human 

Performance. 2018 January 1;89(1):32-40.  

DOI: 10.3357/AMHP.4878.2018.*

Thermoregulation in Humans During Long-Term 

Spaceflight (Thermolab) — Gunga HC, Werner A, 

Opatz O, Stahn AC, Kirsch KA, Sattler F, Koch J.   

A New Non-Invasive Device to monitor Core 

Temperature on Earth and in Space.  

Annales Kinesiologiae. 2012;3(1):14.*

Differential Effects on Homozygous Twin 

Astronauts Associated with Differences in 

Exposure to Spaceflight Factors (Twins Study) — 

Garrett-Bakelman FE, Darshi M, Green SJ, Gur R,  

Lin L, et al. The NASA Twins Study: A multidimensional 

analysis of a year-long human spaceflight. Science. 

2019 April 11;364:20 pp.

Vision Impairment and Intracranial Pressure  

(VIIP) — Buckey, Jr. JC, Phillips SD, Anderson AP, 

Chepko AB, Archambault-Leger V, et al. Microgravity-

induced ocular changes are related to body weight. 

American Journal of Physiology: Regulatory,  

Integrative and Comparative Physiology.  

2018 September;315(3):R496-R499.  

DOI: 10.1152/ajpregu.00086.2018.*

Cardiovascular health Consequences of Long-

Duration Space Slight (Vascular) — Hughson RL,  

Greaves DK, Arbeille P. Vascular Adaptations 

to Spaceflight: Results from the Vascular Series 

Experiments. Revista Cubana de Investigaciones 

Biomédicas. 2019 September 18;38(3):8 pp.

Quantitative CT and MRI-based Modeling 

Assessment of Dynamic Vertebral Strength and 

Injury Risk Following Long-Duration Spaceflight 

(Vertebral Strength) — McNamara KP, Greene KA, 

Tooze JA, Dang J, Khattab K, et al. Neck Muscle 

Changes Following Long-Duration Spaceflight.  

Frontiers in Physiology. 2019 September 13;10:11.  

DOI: 10.3389/fphys.2019.01115.

Monitoring Group Activity by Crewmembers 

During Spaceflight (Vzaimodeistvie) —  

Brcic J, Suedfeld P, Johnson PJ, Huynh T,  

Gushin VI. Humor as a coping strategy in spaceflight. 

Acta Astronautica. 2018 November;152:175-178.  

DOI: 10.1016/j.actaastro.2018.07.039.

Ambiguous Tilt and Translation Motion  

Cues After Space Flight (Zag) — Clement GR,  

Wood SJ. Rocking or Rolling – Perception of  

Ambiguous Motion after Returning from Space.  

PLOS ONE. 2014 October 29;9(10):e111107.  

DOI: 10.1371/journal.pone.0111107.*
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PHYSICAL SCIENCES

Burning and Suppression of Solids (BASS) — 

Carmignani L, Dong K, Bhattacharjee S. Radiation from 

Flames in a Microgravity Environment: Experimental and 

Numerical Investigations. Fire Technology. 2019 June 28;  

epub:15 pp. DOI: 10.1007/s10694-019-00884-y.

Burning and Suppression of Solids-II (BASS-II) — 

Marcum JW, Ferkul PV, Olson SL. PMMA rod stagnation 

region flame blowoff limits at various radii, oxygen 

concentrations, and mixed stretch rates. Proceedings  

of the Combustion Institute. 2019; 37(3):4001-4008. 

DOI: 10.1016/j.proci.2018.05.081.

Columnar-to-Equiaxed Transition in Solidification 

Processing (CETSOL) — Li YZ, Mangelinck-Noel N, 

Zimmermann G, Sturz L, Nguyen-Thi H. Comparative 

study of directional solidification of Al-7wt.% Si alloys 

in space and on Earth: Effects of gravity on dendrite 

growth and columnar-to-equiaxed transition.  

Journal of Crystal Growth. 2019 May 1;513:20-29.  

DOI: 10.1016/j.jcrysgro.2019.02.050.

Capillary Flow Experiment (CFE) — Weislogel MM, 

McCraney JT. The symmetric draining of capillary  

liquids from containers with interior corners. Journal  

of Fluid Mechanics. 2019 January;859:902-920.  

DOI: 10.1017/jfm.2018.848.

Experimental Assessment of Dynamic Surface 

Deformation Effects in Transition to Oscillatory 

Thermocapillary Flow in Liquid Bridge of High 

Prandtl Number Fluid (Dynamic Surf) — Yano T, 

Nishino K, Matsumoto S, Ueno I, Komiya A, Kamotani 

Y, Imaishi N.  Report on microgravity experiments of 

Dynamic Surface deformation effects on Marangoni 

instability in high-Prandtl-number liquid bridges. 

Microgravity Science and Technology. 2018 October; 

30: 599-610. DOI: 10.1007/s12217-018-9614-9.

Experimental Assessment of Dynamic Surface 

Deformation Effects in Transition to Oscillatory 

Thermocapillary Flow in Liquid Bridge of  

High Prandtl Number Fluid (Dynamic Surf) — 

Shitomi N, Yano T, Nishino K. Effect of radiative  

heat transfer on thermocapillary convection in  

long liquid bridges of high-Prandtl-number fluids  

in microgravity. International Journal of Heat and  

Mass Transfer. 2019 April 1; 133: 405-415.  

DOI: 10.1016/j.ijheatmasstransfer.2018.12.119.

EML Batch 1 - THERMOLAB Experiment —  

Mohr M, Wunderlich RK, Koch S, Galenko P, 

Gangopadhyay A, et al. Surface Tension and Viscosity  

of Cu50Zr50 Measured by the Oscillating Drop 

Technique on Board the International Space Station. 

Microgravity Science and Technology. 2019 April; 

31(2):177-184. DOI: 10.1007/s12217-019-9678-1.

EML Batch 1 - THERMOLAB Experiment — 

Xiao X, Lee J, Hyers RW, Matson DM. Numerical 

representations for flow velocity and shear rate inside 

electromagnetically levitated droplets in microgravity.  

npj Microgravity. 2019 March 25; 5:7 pp.  

DOI: 10.1038/s41526-019-0067-2.

Fundamental and Applied Studies of Emulsion 

Stability (FASES) — Loglio G, Kovalchuk VI,  

Bykov AG, Ferrari M, Kraegel J, et al. Dynamic 

properties of mixed cationic/nonionic adsorbed layers 

at the n-hexane/water interface: Capillary pressure 

experiments under low gravity conditions. Colloids  

and Interfaces. 2018 November 2;2(4):53.  

DOI: 10.3390/colloids2040053.

Flame Extinguishment Experiment (FLEX) —  

Tyurenkova V. Two regimes of a single n-heptane 

droplet combustion. Acta Astronautica. 2019 October; 

163(A):25-32. DOI: 10.1016/j.actaastro.2019.01.045.

Flame Extinguishment Experiment/Flame 

Extinguishment Experiment-2 (FLEX/FLEX-2) —  

Yu F, Shaw BD. Interpretation of backlit droplet images 

from ISS Droplet Combustion experiments. Gravitational 

and Space Research. 2014 August 29;2(1):12 pp.*
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Flame Extinguishment Experiment-2 (FLEX-2) — 

Vang CL, Shaw BD. ISS experiments on combustion 

of heptane/hexadecane droplets. AIAA Journal. 2018 

October 31;56(12):4858-4869. DOI: 10.2514/1.J057128.

Elucidation of Flame Spread and Group 

Combustion Excitation Mechanism of Randomly-

distributed Droplet Clouds (Group Combustion) — 

Yoshida Y, Iwai K, Nagata K, Seo T, Mikami M,  

et al.  Flame-spread limit from interactive burning 

droplets in microgravity. Proceedings of the  

Combustion Institute. 2019; 37(3): 3409-3416.  

DOI: 10.1016/j.proci.2018.07.106.

Elucidation of Flame Spread and Group 

Combustion Excitation Mechanism of Randomly-

distributed Droplet Clouds (Group Combustion) —  

Nomura H, Suganuma Y, Mikami M, Kikuchi M. 

Observation of Interaction between a Spreading Flame 

and Movable Droplets using Microgravity Environment 

of “KIBO”. International Journal of Microgravity Science 

and Application. 2019;36(3):9 pp.

Elucidation of Flame Spread and Group 

Combustion Excitation Mechanism of Randomly-

distributed Droplet Clouds (Group Combustion) —  

Yoshida Y, Seo T, Mikami M, Kikuchi M. Temperature-

Field Analysis of Flame Spread over Droplet-Cloud 

Elements with Interactive Droplets in Microgravity 

aboard Kibo on ISS. International Journal of Microgravity 

Science and Application. 2019 July 31;36(3):6 pp.

Elucidation of Flame Spread and Group 

Combustion Excitation Mechanism of Randomly-

distributed Droplet Clouds (Group Combustion) —  

Mikami M, Yoshida Y, Seo T, Sakashita T, Kikuchi M,  

et al. Space-based microgravity experiments on flame 

spread over randomly distributed n-decane-droplet 

clouds: Overall flame-spread characteristics. 

Microgravity Science and Technology. 2018 August 

1;30(4):535-542. DOI: 10.1007/s12217-018-9637-2.*

Observation and Analysis of Smectic Islands in 

Space (OASIS) — Stannarius R, Trittel T, Klopp C, 

Eremin A, Harth K, et al. Freely suspended smectic  

films with in-plane temperature gradients. New Journal 

of Physics. 2019 June 3;21(6):063033.  

DOI: 10.1088/1367-2630/ab2673.

Plasma Crystal Research on the ISS (PK-3 Plus) —  

Khrapak SA, Huber P, Thomas HM, Naumkin VN, 

Molotkov VI, Lipaev AM. Theory of a cavity around  

a large floating sphere in complex (dusty) plasma. 

Physical Review E. 2019 May;99(5-1):053210.  

DOI: 10.1103/PhysRevE.99.053210.

Plasma Crystal Research on the ISS (PK-3 Plus) —  

Zhukhovitskii DI, Naumkin VN, Molotkov VI,  

Lipaev AM, Thomas HM. New approach to 

measurement of the three-dimensional crystallization 

front propagation velocity in strongly coupled complex 

plasma. Plasma Sources Science and Technology.  

2019 June;28(6):065014.

Plasma Crystal Research on the ISS (PK-3 Plus) — 

Sun W, Schwabe M, Thomas HM, Lipaev AM,  

Molotkov VI, et al. Dissipative solitary wave  

at the interface of a binary complex plasma.  

Europhysics Letters. 2018 July; 122(5): 6 pp.  

DOI: 10.1209/0295-5075/122/55001.*

Plasma Crystal Research on the ISS/Plasma 

Kristall-4 (PK-3 Plus/PK-4) — Thomas HM,  

Schwabe M, Pustylnik MY, Knapek CA, Molotkov VI,  

et al. Complex plasma research on the International 

Space Station. Plasma Physics and Controlled Fusion. 

2019 January 1;61(1):014004.

Plasma Kristall-4 (PK-4) — Wei Z, Liu B, Goree JA, 

Pustylnik MY, Thomas HM, et al. Diffusive motion in 

a 3-D cluster in PK-4. IEEE Transactions on Plasma 

Science. 2019 July;47(7):3100-3106.

Selectable Optical Diagnostics Instrument-

Diffusion Coefficient in Mixtures (SODI-DCMIX) —  

Mialdun A, Bataller H, Bou-Ali A, Braibanti M,  

Croccolo F, et al. Preliminary analysis of Diffusion 

Coefficient Measurements in ternary mIXtures 4 (DCMIX4)  

experiment on board the International Space Station. 

European Physical Journal E. 2019 July 11;42(7):87. 

DOI: 10.1140/epje/i2019-11851-6.
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Selectable Optical Diagnostics Instrument-

Diffusion Coefficient in Mixtures (SODI-DCMIX) — 

Galand Q, van Vaerenbergh S, Kohler W, Khlybov OA, 

Lyubimova TP, et al. Results of the DCMIX1 experiment 

on measurement of Soret coefficients in ternary mixtures 

of hydrocarbons under microgravity conditions on the 

ISS. The Journal of Chemical Physics. 2019 October 7; 

151(13):134502. DOI: 10.1063/1.5100595. 

Selectable Optical Diagnostics Instrument-

Diffusion Coefficient in Mixtures (SODI-DCMIX) —  

Sommermann D, Triller T, Kohler W. A Robust Data 

Evaluation Method for the DCMIX Microgravity 

Experiments. Microgravity Science and  

Technology. 2019 July 5;epub:10 pp.  

DOI: 10.1007/s12217-019-09722-w.

Selectable Optical Diagnostics Instrument-

Diffusion Coefficient in Mixtures (SODI-DCMIX) — 

Lyubimova TP, Zubova N, Shevtsova V. Effects of non-  

uniform temperature of the walls on the Soret experiment. 

Microgravity Science and Technology. 2019 February; 

31(1):1-11. DOI: 10.1007/s12217-018-9666-x.

Selectable Optical Diagnostics Instrument -  

Aggregation of Colloidal Solutions (SODI-Colloid) — 

Potenza MA, Veen SJ, Schall P, Wegdam GH. 

Nucleation of weakly attractive aggregates in 

microgravity. Europhysics Letters. 2018 November 23; 

124(2):28002. DOI: 10.1209/0295-5075/124/28002.

Selectable Optical Diagnostics Instrument-

Diffusion Coefficient in Mixtures (SODI-DCMIX) —  

Dubert D, Olle J, Jurado R, Gavalda J, Laveron-Simavilla A,  

Ruiz X, Shevtsova V. Characterization of the accelero-

metric environment of DCMIX2/3 experiments. 

Microgravity Science and Technology. 2018 October; 

30(5):683-697. DOI: 10.1007/s12217-018-9640-7.

Selectable Optical Diagnostics Instrument-

Influence of VIbrations on DIffusion of Liquids/

Selectable Optical Diagnostics Instrument-

Diffusion Coefficient in Mixtures (SODI-IVIDIL/

SODI-DCMIX) — Braibanti M, Artola PA, Baaske P, 

Bataller H, Bou-Ali MM, et al. European Space Agency 

experiments on thermodiffusion of fluid mixtures in 

space. European Physical Journal E. 2019 July 11; 

42(7): 86. DOI: 10.1140/epje/i2019-11849-0.

Study on Soret Effect (Thermal Diffusion Process) 

for the Mixed Solution by the in-situ Observation 

Technique Facilitated at SCOF (Soret-Facet) — 

Tomaru M, Osada T, Orikasa I, Suzuki S, Inatomi Y. 

Analysis method using two-wavelength Mach-Zehnder 

Interferometer for the measurement of Soret coefficients 

in Soret-Facet mission on ISS. Microgravity Science  

and Technology. 2019 February;31(1):49-59.  

DOI: 10.1007/s12217-018-9664-z.

TECHNOLOGY DEVELOPMENT AND 
DEMONSTRATION

3D Printing in Zero-G Technology Demonstration 

(3D Printing In Zero-G) — Prater TJ, Werkheiser N,  

Ledbetter III FE, Timucin DA, Wheeler KR, Snyder MP.  

3D Printing in Zero G technology demonstration mission: 

Complete experimental results and summary of related 

material modeling efforts. The International Journal of 

Advanced Manufacturing Technology. 2019 March; 

101(1-4):391-417. DOI: 10.1007/s00170-018-2827-7.

3D Printing in Zero-G Technology Demonstration 

(3D Printing In Zero-G) — Prater TJ, Werkheiser N, 

Ledbetter III FE, Morgan K. In-Space Manufacturing 

at NASA Marshall Space Flight Center: A portfolio of 

fabrication and recycling technology development for 

the International Space Station. 2018 AIAA SPACE  

and Astronautics Forum and Exposition, Orlando, FL.  

2018 September:14 pp.* 

Aerosol Sampling Experiment (Aerosol Samplers) —  

Haines SR, Bope A, Horack JM, Meyer ME,  

Dannemiller KC. Quantitative evaluation of bioaerosols  

in different particle size fractions in dust collected on the 

International Space Station (ISS). Applied Microbiology 

and Biotechnology. 2019 September; 103(18): 

1167-7782. DOI: 10.1007/s00253-019-10053-4.

Aerosol Sampling Experiment (Aerosol Samplers) —  

Meyer ME. Further Characterization of Aerosols 

Sampled on the International Space Station.  

49th International Conference on Environmental 

Systems, Boston, Massachusetts. 2019 July:11 pp. 
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Aerosol Sampling Experiment (Aerosol Samplers) —  

Haines SR, Bope A, Nastasi N, Horack JM, Meyer ME, 

Dannemiller KC. Measurement of fungi and bacteria 

from dust collected on the International Space Station 

(ISS). 49th International Conference on Environmental 

Systems, Boston, Massachusetts. 2019 July:8 pp. 

Space Environment Exposure Experiment of CNT 

Material for Space Application (Carbon Nanotube) —  

Ishikawa Y, Fuchita Y, Hitomi T, Inoue Y, Karita M,  

et al. Survivability of carbon nanotubes in space.  

Acta Astronautica. 2019;epub.  

DOI: 10.1016/j.actaastro.2019.07.024.

European Technology Exposure Facility-Tribology 

Laboratory (EuTEF-TriboLab) — Brizuela M,  

Garcia-Luis A, Onate JI, Garmendia I. Tribolab: An 

experiment on space tribology. In–orbit data at the ISS. 

Proceedings of the 13th European Space Mechanisms 

and Tribology, Vienna, Austria. 2009 September:5 pp.*

FLUMIAS-DEA — Thiel CS, Tauber S, Seebacher C, 

Schropp M, Uhl R, et al. Real-time 3D high-resolution 

microscopy of human cells on the International Space 

Station. International Journal of Molecular Sciences. 

2019 April 25;20(8). DOI: 10.3390/ijms20082033.

International Space Station Internal Radiation 

Monitoring — Ambrozova I, Davidkova M, Brabcova KP, 

Tolochek RV, Shurshakov VA. Contribution of different 

particles measured with track etched detectors on board  

ISS. Radiation Protection Dosimetry. 2018 August 1; 

180(1-4):138-141. DOI: 10.1093/rpd/ncx189.*

Microgravity Investigation of Cement Solidification 

(MICS) — Neves JM, Collins PJ, Wilkerson RP,  

Grugel RN, Radlinska A. Microgravity effect on 

microstructural development of tri-calcium silicate  

(C3S) paste. Frontiers in Materials. 2019 April 24;6:83.  

DOI: 10.3389/fmats.2019.00083.

Passive Thermal Flight Experiment — 

Wikramanayake E, Hale R, Elam J, Shahriari A, Bahadur V, 

et al. Characterizing microfluidic operations underlying 

an electrowetting heat pipe on the International Space 

Station. ASME 2018 International Mechanical 

Engineering Congress and Exposition, Pittsburgh, 

Pennsylvania. 2018 November 9:V007T09A019. 

Passive Thermal Flight Experiment — Tarau C, 

Ababneh MT, Anderson WG, Alvarez-Hernandez AR, 

Ortega S, et al. Advanced Passive Thermal eXperiment 

(APTx) for warm reservoir hybrid wick variable 

conductance heat pipes on the International Space 

Station. 48th International Conference on Environmental 

Systems, Albuquerque, New Mexico. 2018 July 8:  

12 pp.* 

Passive Thermal Flight Experiment — Ababneh MT, 

Tarau C, Anderson WG, Alvarez-Hernandez AR,  

Ortega S, et al. Demonstration of copper-water heat 

pipes embedded in high conductivity (HiK™) plates  

in the Advanced Passive Thermal eXperiment (APTx)  

on the International Space Station. 48th International 

Conference on Environmental Systems, Albuquerque, 

NM. 2018 July 8:9 pp*. 

Personal CO2 Monitor — Simon CL, Bautista JR, 

Moses H, Morency RM, Misek WT, Macatangay AV. 

Personal CO2 Monitor (PCO2M) - In-flight Evaluation 

of the 2x2015 Technology Demonstration. 48th 

International Conference on Environmental Systems, 

Albuquerque, NM;2018 July.* 

Photobioreactor — Helisch H, Keppler J, Detrell G, 

Belz S, Ewald R, Fasoulas S, Heyer AG. High density 

long-term cultivation of Chlorella vulgaris SAG 211-12  

in a novel microgravity-capable membrane raceway 

photobioreactor for future bioregenerative live support in 

SPACE. Life Sciences in Space Research. 2019 August 9; 

epub. DOI:10.1016/j.lssr.2019.08.001.  

Roll-Out Solar Array (ROSA) — Chamberlain MK, 

Kiefer SH, Banik JA. Photogrammetry-based analysis 

of the on-orbit structural dynamics of the Roll-Out Solar 

Array. 2019 AIAA SciTech Forum, San Diego, CA. 2019 

January 7-11:16 pp. 

Spacecraft Fire Experiment-I/Spacecraft Fire 

Experiment-II (Saffire-I/Saffire-II) — Urban DL, 

Ferkul PV, Olson SL, Ruff GA, Easton JW, et al.  

Flame spread: Effects of microgravity and scale. 

Combustion and Flame. 2019 January 1;199:168-182. 

DOI: 10.1016/j.combustflame.2018.10.012.
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Spacecraft Fire Experiment-II (Saffire-II) — 

Thomsen M, Fernandez-Pello AC, Ruff GA, Urban DL. 

Buoyancy effects on concurrent flame spread over  

thick PMMA. Combustion and Flame. 2019 January 1; 

199:279-291. DOI: 10.1016/j.combustflame.2018.10.016.

Sextant Navigation for Exploration Missions 

(Sextant Navigation) — Holt GN, Wood BA. Sextant 

Navigation on the International Space Station: A human 

space exploration demo. 42nd Annual AAS Guidance, 

Navigation and Control Conference, Breckenridge, CO. 

2019 February 3:15 pp. 

Experimental Studies Of The Possible 

Development Of Microscopic Deterioration  

Of ISS RS Module Structural Elements When 

Impacted By The Components Of The Station’s 

External Atmosphere And Conditions Promoting 

The Life Of Microflora On Pressure Hull Surfaces 

Under MLI (Test) — The DNA of Bacteria of the World 

Ocean and the Earth in Cosmic Dust at the International 

Space Station. The Scientific World Journal. 2018 April 18;  

7360147:7 pp. DOI: 10.1155/2018/7360147.*

EARTH AND SPACE SCIENCE

Alpha Magnetic Spectrometer – 02 (AMS-02) —  

Aguilar-Benitez M, Cavasonza LA, Alpat B, Ambrosi G, 

Arruda MF, et al. Towards Understanding the Origin  

of Cosmic-Ray Electrons. Physical Review Letters.  

2019 Mar 15; 122(10): 101101.  

DOI: 10.1103/PhysRevLett.122.101101.

Alpha Magnetic Spectrometer – 02 (AMS-02) —  

Aguilar-Benitez M, Cavasonza LA, Ambrosi G,  

Arruda MF, Attig N, et al. Towards understanding  

the origin of cosmic-ray positrons. Physical Review 

Letters. 2019 January 29; 122(4): 041102.  

DOI: 10.1103/PhysRevLett.122.041102.

Atmosphere-Space Interactions Monitor (ASIM) —  

Neubert T, Ostgaard N, Reglero V, Blanc E, Chanrion O, 

et al. The ASIM Mission on the International Space 

Station. Space Science Reviews. 2019 March 

12;215(2):26. DOI: 10.1007/s11214-019-0592-z.

CALorimetric Electron Telescope (CALET) —  

Adriani O, Akaike Y, Asano K, Asaoka Y, Bagliesi MG, 

Berti E, et al. Direct Measurement of the Cosmic-Ray 

Proton Spectrum from 50 GeV to 10 TeV with the 

Calorimetric Electron Telescope on the International 

Space Station. Physical Review Letters. 2019 May 10; 

122(18):181102. DOI: 10.1103/PhysRevLett.122.181102.

CALorimetric Electron Telescope/Alpha Magnetic 

Spectrometer – 02 (CALET/AMS-02) —  

Bhattacharyya S, Motz HM, Asaoka Y, Torii S.  

An Interpretation of the Cosmic Ray e + +  e - Spectrum 

from 10 GeV to 3 TeV Measured by CALET on the ISS. 

International Journal of Modern Physics D.  

2018 October 7;28(02):1950035.  

DOI: 10.1142/S0218271819500354.

CALorimetric Electron Telescope (CALET) —  

Pacini L. The CALorimetric Electron Telescope (CALET) 

space experiment for the direct measurement of high 

energy electrons in cosmic rays. Il Nuovo Cimento C. 

2018 July 06(102):1-3. DOI: 10.1393/ncc/i2018-18064-1.*

Crew Earth Observations (CEO) — Schirmer AE, 

Gallemore C, Liu T, Magle S, DiNello E, et al. Mapping 

behaviorally relevant light pollution levels to improve 

urban habitat planning. Scientific Reports. 2019 August 15; 

9(1):11925. DOI: 10.1038/s41598-019-48118-z.

Crew Earth Observations (CEO) — Leake S.  

Reverse Geolocation of Images Taken from the 

International Space Station Utilizing Various Lightning 

Datasets. 2019 IEEE Aerospace Conference, Big Sky 

MT. 2019 June 20. DOI: 10.1109/AERO.2019.8741774.

Crew Earth Observations (CEO) — Wicht M,  

Kuffer M. The continuous built-up area extracted from 

ISS night-time lights to compare the amount of urban 

green areas across European cities. European Journal  

of Remote Sensing. 2019 May 8;52(2):58-73.  

DOI: 10.1080/22797254.2019.1617642.

Crew Earth Observations (CEO) — Li K, Chen Y, Li Y. 

The Random Forest-Based Method of Fine-Resolution 

Population Spatialization by Using the International 

Space Station Nighttime Photography and Social 

Sensing Data. Remote Sensing. 2018 October 17; 

10:19 pp. DOI: 10.3390/rs10101650.
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Biology and Mars Experiment/EXPOSE 

R2-Photochemistry on the Space Station 

(EXPOSE-R2/EXPOSE-R2-P.S.S.) — Coussot G, 

Le Postollec A, Incerti S, Baque M, Faye C, et al. 

Photochemistry on the space station-aptamer resistance 

to space conditions: Particles exposure from irradiation 

facilities and real exposure outside the International 

Space Station. Astrobiology. 2019 February 28; 19(8): 

12 pp. DOI: 10.1089/ast.2018.1896.

Biology and Mars Experiment/EXPOSE 

R2-Photochemistry on the Space Station 

(EXPOSE-R2/EXPOSE-R2-P.S.S.) —  

Coussot G, Le Postollec A, Faye C, Baque M, 

Vandenabeele-Trambouze O, et al. Photochemistry 

on the space station-antibody resistance to space 

conditions after exposure outside the International 

Space Station. Astrobiology. 2019 February 28; 19(8): 

10 pp. DOI: 10.1089/ast.2018.1907.

EXPOSE-R2-BIOlogy and Mars Experiment 

(EXPOSE-R2-BIOMEX) — Backhaus T, Meessen J,  

Demets R, de Vera JP, Ott S. Characterization of  

viability of the lichen Buellia frigida after 1.5 years  

in space on the International Space Station. 

Astrobiology. 2019 February 11;19(2): 233-241.  

DOI: 10.1089/ast.2018.1894.

EXPOSE-R2-BIOlogy and Mars Experiment 

(EXPOSE-R2-BIOMEX) — Billi D, Verseux C, 

Fagliarone C, Napoli A, Baque M, de Vera JP. A desert 

cyanobacterium under simulated Mars-like conditions  

in low Earth orbit: Implications for the habitability of 

Mars. Astrobiology. 2019 February 11;19(2):158-169.  

DOI: 10.1089/ast.2017.1807.

EXPOSE-R2-BIOlogy and Mars Experiment 

(EXPOSE-R2-BIOMEX) — Podolich O, Kukharenko O,  

Haidak A, Zaets I, Zaika L, et al. Multimicrobial 

kombucha culture tolerates Mars-like conditions 

simulated on low-Earth orbit. Astrobiology.  

2019 February 11;19(2):183-196.  

DOI: 10.1089/ast.2017.1746.

EXPOSE-R2-BIOlogy and Mars Experiment 

(EXPOSE-R2-BIOMEX) — Onofri S, Selbmann L, 

Pacelli C, Zucconi L, Rabbow E, de Vera JP. Survival, 

DNA, and ultrastructural integrity of a cryptoendolithic 

Antarctic fungus in Mars and lunar rock analogues 

exposed outside the International Space Station. 

Astrobiology. 2019 February 11;19(2):170-182.  

DOI: 10.1089/ast.2017.1728.

EXPOSE-R2-Biofilm Organisms Surfing Space 

(EXPOSE-R2-BOSS) — Billi D, Staibano C, Verseux C,  

Fagliarone C, Mosca C, et al. Dried biofilms of desert 

strains of Chroococcidiopsis survived prolonged 

exposure to space and Mars-like conditions in low  

Earth orbit. Astrobiology. 2019 February 11;19.  

DOI: 10.1089/ast.2018.1900.

EXPOSE-R2-Biofilm Organisms Surfing Space/

EXPOSE R2- Photochemistry on the Space Station 

(EXPOSE-R2-BOSS/EXPOSE-R2-P.S.S.) — Cottin H,  

Rettberg P. EXPOSE-R2 on the International Space 

Station (2014–2016): Results from the PSS and BOSS  

Astrobiology Experiments. Astrobiology. 2019 August; 

19(8):975-978. DOI: 10.1089/ast.2019.0625.

EXPOSE R2- Photochemistry on the Space Station 

(EXPOSE-R2-P.S.S.) — Stalport F, Rouquette L,  

Poch O, Dequaire T, Chaouche-Mechidal N, et al.  

The Photochemistry on Space Station (PSS) 

Experiment: Organic Matter under Mars-like Surface UV 

Radiation Conditions in Low Earth Orbit. Astrobiology. 

2019 July 17;19(8):17 pp. DOI: 10.1089/ast.2018.2001.

EXPOSE R2- Photochemistry on the Space Station 

(EXPOSE-R2-P.S.S.) — Baratta GA, Accolla M,  

Chaput D, Cottin H, Palumbo ME, Strazzulla G. 

Photolysis of cometary organic dust analogs on the 

EXPOSE-R2 mission at the International Space Station. 

Astrobiology. 2019 July 29;19(8):1018-1036.  

DOI: 10.1089/ast.2018.1853.

Monitor of All-sky X-ray Image (MAXI) —  

Hoang J, Molina E, Lopez M, Ribo M, Blanch O,  

et al. Multi-wavelength observation of MAXI  

J1820+070 with MAGIC, VERITAS and H.E.S.S. 36th  

international Cosmic Ray Conference, Madison, WI.  

2019 July – August.
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Monitor of All-sky X-ray Image (MAXI) — Gotthelf E, 

Halpern J, Alford J, Mihara T, Negoro H, et al. The 2018 

X-ray and Radio Outbust of Magnetar XTE J1810−197. 

The Astrophysical Journal Letters. 2019 April;  

874(2): L25.

Monitor of All-sky X-ray Image (MAXI) —  

Shidatsu M, Nakahira S, Yamada S, Kawamuro T,  

Ueda Y, et al. X-ray, optical, and near-infrared monitoring 

of the new x-ray transient MAXI J1820+070 in the low/

hard state. The Astrophysical Journal. 2018 November 

20;868(1): 54.

Monitor of All-sky X-ray Image (MAXI) —  

Nakahira S, Shidatsu M, Makishima K, Ueda Y, 

Yamaoka K, et al. Discovery and state transitions  

of the new Galactic black hole candidate MAXI 

J1535−571. Publications of the Astronomical  

Society of Japan. 2018 October 1;70(5):14 pp.  

DOI: 10.1093/pasj/psy093.

Monitor of All-sky X-ray Image (MAXI) — Sugita S,  

Kawai N, Nakahira S, Negoro H, Serino M, et al.   

MAXI upper limits of the electromagnetic counterpart  

of GW170817. Publications of the Astronomical Society 

of Japan. 2018 August 1;70(4): 81.  

DOI: 10.1093/pasj/psy076.*

Monitor of All-sky X-ray Image (MAXI) —  

Phillipson RA, Boyd PT, Smale AP. The chaotic long-

term X-ray variability of 4U 1705–44. Monthly Notices 

of the Royal Astronomical Society. 2018 July 11; 

477(4):5220-5237. DOI: 10.1093/mnras/sty970.*

Multi-mission Consolidated Equipment (MCE) 

— Bandholnopparat K, Sato M, Adachi T, Ushio T, 

Takahashi Y. Optical properties of intracloud and cloud-

to-ground discharges derived from JEM-GLIMS lightning 

observations. Journal of Atmospheric and Solar-

Terrestrial Physics. 2019 August 1;189: 87-97.  

DOI: 10.1016/j.jastp.2019.04.005.

Neutron Star Interior Composition Explorer 

(NICER) — Bhargava Y, Belloni T, Bhattacharya D, 

Misra R. Spectro-timing analysis of MAXI J1535−571 

using AstroSat. Monthly Notices of the Royal 

Astronomical Society. 2019 September;488(1):720-727. 

DOI: 10.1093/mnras/stz1774.

Neutron Star Interior Composition Explorer 

(NICER) — Ray PS, Guillot S, Ho WC, Kerr M, Enoto T,  

et al. Anti-glitches in the Ultraluminous Accreting  

Pulsar NGC 300 ULX-1 Observed with NICER.  

The Astrophysical Journal Letters. 2019 July;879(2):130.

Neutron Star Interior Composition Explorer 

(NICER) — Mahmoodifar S, Strohmayer TE, Bult PM, 

Altamirano D, Arzoumanian Z, et al. NICER Observation 

of Unusual Burst Oscillations in 4U 1728-34.  

The Astrophysical Journal. 2019 June;878(2):145.

Neutron Star Interior Composition Explorer 

(NICER) — Strohmayer TE, Altamirano D,  

Arzoumanian Z, Bult PM, Chakrabarty D, et al.  

NICER Discovers Spectral Lines during Photospheric 

Radius Expansion Bursts from 4U 1820−30: Evidence 

for Burst-driven Winds. The Astrophysical Journal 

Letters. 2019 June 14;878(2):L27.

Neutron Star Interior Composition Explorer 

(NICER) — Guver T, Gogus E, Vurgun E, Enoto T, 

Gendreau KC, et al. NICER Observations of the 2018 

Outburst of XTE J1810–197. The Astrophysical Journal. 

2019 May 30;877(2):L30. 

Neutron Star Interior Composition Explorer 

(NICER) — An H, Archibald R. X-Ray Timing Studies  

of the Low-field Magnetar CXOU J164710.2–455216. 

The Astrophysical Journal. 2019 May 20;877(1): L10. 

Neutron Star Interior Composition Explorer 

(NICER) — Pintore F, Mereghetti S, Esposito P,  

Turolla R, Tiengo A, Rea N, FB, Israel G. The 11 yr  

of low activity of the magnetar XTE J1810−197.  

Monthly Notices of the Royal Astronomical  

Society. 2019 March;483(3):3832-3838.  

DOI: 10.1093/mnras/sty3378.

Neutron Star Interior Composition Explorer 

(NICER) — Nowak MA, Paizis A, Jaisawal GK, 

Chenevez J, Chaty S, et al. Chandra-HETGS 

characterization of an outflowing wind in the accreting 

millisecond pulsar IGR J17591–2342. The Astrophysical 

Journal. 2019 March;874(1): 69.
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Neutron Star Interior Composition Explorer 

(NICER) — Baubock M, Psaltis D, Ozel F. Atmospheric 

structure and radiation pattern for neutron-star polar 

caps heated by magnetospheric return currents.  

The Astrophysical Journal. 2019 February;872(2):162. 

Neutron Star Interior Composition Explorer 

(NICER) — Kara E, Steiner JF, Fabian AC, Cackett EM,  

Uttley P, et al. The corona contracts in a black-hole 

transient. Nature. 2019 January 9;565(7738):198-201. 

DOI: 10.1038/s41586-018-0803-x.

Neutron Star Interior Composition Explorer 

(NICER) — Trakhtenbrot B, Arcavi I, Ricci C,  

Tacchella S, Stern D, et al. A new class of flares  

from accreting supermassive black holes.  

Nature Astronomy. 2019 January 14;3:242-250.  

DOI: 10.1038/s41550-018-0661-3.

Neutron Star Interior Composition Explorer 

(NICER) — Stiele H, Kong AK.  A spectral and  

timing study of MAXI J1535–571, Based on Swift/XRT, 

XMM-Newton, and NICER Observations Obtained  

in Fall 2017. The Astrophysical Journal.  

2018 November 21; 868(1):71.

Neutron Star Interior Composition Explorer 

(NICER) — Sanna A, Ferrigno C, Ray PS, Ducci L, 

Jaisawal GK, et al. NuSTAR and NICER reveal IGR 

J17591-2342 as a new accreting millisecond X-ray 

pulsar. Astronomy and Astrophysics. 2018 September; 

617:L8. DOI: 10.1051/0004-6361/201834160.*

Neutron Star Interior Composition Explorer 

(NICER) — Strohmayer TE, Gendreau KC,  

Altamirano D, Arzoumanian Z, Bult PM, et al.  

NICER discovers mHz oscillations in the “clocked” 

burster GS 1826-238. The Astrophysical Journal.  

2018 September 21 ;865(1):63.  

DOI: 10.3847/1538-4357/aada14.*

Superconducting Submillimeter-Wave Limb-

Emission Sounder (SMILES) — Sato TO,  

Kuribayashi K, Yoshida N, Kasai Y. Diurnal variation  

of oxygen isotopic enrichment in asymmetric-18 ozone 

observed by the SMILES from space. Geophysical 

Research Letters. 2017;44(12):6399-6406.  

DOI: 10.1002/2016GL071924.*

EDUCATIONAL ACTIVITIES

International Space Station Ham Radio (ISS Ham 

Radio) — Bauer F, Taylor D, White R. Educational 

Outreach and International Collaboration Through 

ARISS: Amateur Radio on the International Space 

Station. 2018 SpaceOps Conference, Marseille, France. 

2018 May - June:14 pp.* 

International Space Station Summary  

of Research Performed — Thomas A.  

The Astronautical discourse in an English  

primary school during the Principia ESA mission:  

A critical analysis. Space Policy. 2017 August:41:27-35. 

DOI: 10.1016/j.spacepol.2017.04.002.*

International Space Station Summary of  

Research Performed — Bennett J, Airey J,  

Dunlop L, Turkenburg M. The impact of human 

spaceflight on young people’s attitudes to  

STEM subjects. Research in Science and  

Technological Education. 2019 July 19.  

DOI: 10.1080/02635143.2019.1642865  

Tomatosphere-IV — Ives C, Perrie G, Stamler A, 

Nickel M. Can Tomatosphere™ tomato seeds germinate 

after two exposures to space, in Mars-like conditions? 

Proceedings of Manitoba’s Undergraduate Science and 

Engineering Research. 2018;4(1):14-16.

 

*Indicates published prior to October 1, 2018.
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To Learn More...

National Aeronautics and Space Administration 
https://www.nasa.gov/stationresults 

Canadian Space Agency 
http://www.asc-csa.gc.ca/eng/iss/default.asp

 

European Space Agency 
https://www.esa.int/Science_Exploration/Human_and_
Robotic_Exploration/Columbus

 

Japan Aerospace Exploration Agency 
http://iss.jaxa.jp/en/

http://iss.jaxa.jp/en/iss/

 

State Space Corporation ROSCOSMOS (ROSCOSMOS)  
http://tsniimash.ru/science/scientific-experiments-on-
board-the-is-rs/cnts/informational-resources/center- 
informational-resources/
http://en.roscosmos.ru/

https://www.nasa.gov/stationsresults 
http://www.asc-csa.gc.ca/eng/iss/default.asp 
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Columbus
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Columbus
http://www.esa.int/Our_Activities/Human_Spaceflight/International_Space_Station
http://iss.jaxa.jp/en/ 
http://iss.jaxa.jp/en/iss/ 
http://tsniimash.ru/science/scientific-experiments-onboard-the-is-rs/cnts/informational-resources/center-informational-resources/
http://tsniimash.ru/science/scientific-experiments-onboard-the-is-rs/cnts/informational-resources/center-informational-resources/
http://tsniimash.ru/science/scientific-experiments-onboard-the-is-rs/cnts/informational-resources/center-informational-resources/
http://en.roscosmos.ru/
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