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Performance Goal No.:  

Performance Goal Text:  

Task Description:

The detrimental effects of spaceflight on the cardiovascular system are well known. It is believed that these effects may
lead to clinically significant risks to astronauts on long duration space missions as well as to the success of these
missions themselves. Current studies are limited primarily to human studies and rodent experiments. However, these
model systems and human studies have significant limitations that may be addressed by using the well-established
Drosophila model. Drosophila have previously been successfully launched into space and a ground-based Drosophila
model for cardiac disease and function has been developed. However, the genetically versatile Drosophila model has yet
to be used for studying the effects of spaceflight on the cardiovascular system. 
We flew 4 genotypes of Drosophila aboard the International Space Station (ISS) for approximately 30 days, along with
identical 1-g ground controls. The Drosophila required minimal astronaut intervention, primarily transfer to an incubator
and stowage within the ISS. The samples will be retrieved post-flight and analyzed using established methods. Heart
function, including measurements of diastolic and systolic intervals, heart rate, heart diameters, contractility, and
arrhythmias was recorded. Microscopic and immuno-histochemical evaluations of heart morphology was carried out.
Messenger RNA (mRNA) expression by RNA Sequencing (RNA Seq) was conducted on both heart and brain tissue. 

The ultimate goal of this research was to obtain data on heart muscle function in low gravity while validating the
Drosophila model for studying the effects of spaceflight on cardiac disease and function. Our studies identified
disruption in metabolic gene expression and a dramatic increase in proteasome gene expression. This was confirmed in a
subsequent flight with immuno-histochemical analyses. The increased proteasome numbers correlated with an increase
in amyloid-like protein aggregations within the heart tissue and with increased myofibrillar disarray. We also
documented a decrease in collagen fibers associated with the sarcomere Z-lines within myocardial cells. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Information about cardiac muscle function in microgravity is expected to provide insights on genetic and molecular
changes that occur with muscle atrophy on Earth. For example, we identified an increase in misfolded muscle protein
associated with aggregated proteasomes in the heart muscle cells. Similar alterations in protein processing may underlie
the muscle atrophy that occurs during prolonged bed rest or muscle disuse in muscular dystrophies. 
  

Task Progress:

Understanding the effects of microgravity on human organs is crucial to exploration of low-Earth orbit, the Moon, and
beyond. Drosophila can be sent to space in large numbers to examine the effects of microgravity on heart structure and
function, which is fundamentally conserved from flies to humans. Flies reared in microgravity exhibit reduced climbing
ability, cardiac constriction with myofibrillar remodeling, and diminished cardiac output. Analysis of gene expression in
isolated hearts revealed reduced expression of sarcomeric / extracellular matrix (ECM) genes and increased expression
of genes encoding proteasome subunits (cellular garbage disposals). We further examined the role of proteasomes and
protein misfolding on a second flight. We sent flies expressing fluorescently labeled proteins that we could monitor
when returned to Earth for misfolding (as protein plaques). We were also able to use staining techniques to monitor
proteasome numbers. We observed dramatic increases in protein plaque number and size in flies exposed to micro g and
these were co-localized with large proteasome aggregates. Remarkably, in long-QT causing seizure (sei) / human
ether-a-go-go (hERG) mutants, proteasomal gene expression was already lower than wildtype at 1g , but under micro g
we still observed an increase compared to the 1g ground controls. Therefore, cardiac remodeling and proteostatic stress
may be a fundamental response of heart muscle to microgravity. Our experiments validated the use of Vented Fly Boxes
(VFBs) for fly experiments that require minimal space and astronaut input yet provide significant insights into
organismal function under low gravity. One unexpected outcome from our second flight was excessive fungal
contamination of samples stored in the Space Automated Bioproduct Lab (SABL) incubator. This information should
assist future experiments that use this equipment to ensure that the experiments are not compromised by external
contaminants. Nevertheless, the inclusion of fly boxes that were maintained as backup for the original flight permitted
us to complete our analyses. The complete gene expression dataset is available on NASA's GeneLab database. Although
not part of our original proposal we also developed an assay to measure both gene and protein expression from the same
tissue source (brain) from the flies. Our analyses suggest that there are fundamental changes in proteins in metabolic
pathways, circadian rhythm signaling, and the visual system that occur in micro g. This dataset is also available on
GeneLab. 
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