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Altered gravity is known to influence various cell functions like cell proliferation, signal transduction, and gene
expression, in addition to the changes in cell morphology, focal adhesion, and cytoskeletal organization across a wide
range of cell types. Such wide range of phenotypic changes in altered gravity is linked to various abnormalities
observed in astronauts returning from space but the biological mechanisms resulting in these changes are not yet
understood. Our preliminary results suggest that simulated microgravity significantly alters nuclear morphology.
Changes in nuclear shape can alter gene expression because the nucleus houses the genome, and changes in nuclear
shape can alter chromatin conformation. Therefore, we propose to understand the mechanisms by which true altered
gravity impacts nuclear morphology. Our hypothesis is that the LINC (Linker of Nucleoskeleton to Cytoskeleton)
complex, a nuclear envelope complex which links the cytoskeleton to the nucleus, is sensitive to altered gravity
mediated effects on the nuclear structure, nuclear tension, and subsequently on gene expression.

We propose to identify the effects of altered gravity on nuclear morphology and cytoskeletal organization in human
breast epithelial cells flown in parabolic flight. Cells flown will be cultured in a specially designed hardware to control
for temperature and humidity, and the cells will be fixed on flight at different timepoints. High resolution imaging of
cell shape and nuclear shape will be carried out using a laser scanning confocal microscope. Image analysis software
will be used for three- dimensional shape reconstruction and quantification of shape parameters. We will characterize the
mechanical forces acting on the nucleus using a Fluorescence Resonance Energy Transfer (FRET) probe biosensor to
investigate the effect of altered gravity on the nuclear tension. Finally, we will identify the genes that are differentially
expressed in LINC disrupted cells to understand the mechanotransduction pathway in sensing altered gravity.

Cellular structures are permanently under the force of gravity in the Earth’s gravitational field. Altered gravity has been
demonstrated to have profound effects at the cellular and molecular level. Changes in cell morphology, proliferation,
differentiation, signal transduction, and gene expression occur after exposure to altered gravity for just a few seconds.
Each of the cytoskeletal elements and focal adhesion proteins become differentially expressed in altered gravity. Despite
these results, it is not yet understood how change in gravitational forces alters the expression of genes.

The LINC complex (Linker of Nucleoskeleton and Cytoskeleton) connects the nucleus and the surrounding cytoskeleton
to mechanically couple the nuclear lamina with the cytoskeleton. Recent advances in our understanding of how nuclear
envelope and nucleoskeleton associated elements contribute to both health and disease make it clear that cells require a
functional mechanical coupling mediated by the LINC complex to respond normally to external mechanical forces. This
research will answer the following question: Does altered gravity induce changes in force transmission through the LINC
complex and LINC-associated gene expression by analyzing fibroblasts subjected to microgravity of parabolic flight?

Performed experiments on two parabolic flights. In the first parabolic flight we performed experiments to analyze the
nuclear morphology changes and differential gene expression in LINC disrupted human breast epithelial cells. In the
second parabolic flight we transfected human breast epithelial cells with a Nesprin FRET construct that allows us to
measure the tension in the nuclear envelope during altered gravity. We fixed the samples at 1st, 7th, and 30th parabolas
along with in flight controls and ground controls.

Post-flight analysis

i. Microscopy

Completed imaging all the samples transfected with control and FRET tension sensors with laser scanning confocal
microscope. Completed imaging samples stained for nucleus and actin cytoskeleton from the first parabolic flight. The
samples were collected at 1st, 7th, and 15th parabolas, inflight controls and ground controls.

We are currently performing quantitative analysis on the acquired images.
ii. RNA isolation and RNAseq analyses

RNA was successfully isolated and RNA sequencing performed at the Interdisciplinary Center for Biotechnology
Research (ICBR) University of Florida. Results are currently being analyzed to extract patterns of gene expression.
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