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ife on Earth evolved in the presence of 
gravity. Consequently, all biological processes Lare accustomed to the omnipresent force of 

gravity. Any slight fluctuations and variations in this 
force can have significant impact on the health and 
function of organisms. Scientists who study the 
influence of gravity on life are called gravitational 
biologists. Space exploration has been a 
tremendous boon to the field of gravitational 
biology because it offers the unique opportunity for 
experimentation in microgravity. The development 
and growth of cells, plants and animals can be 
studied in the absence of gravity, lending helpful 
insight into how gravity influences life on Earth.

Human, plant, and animal cells exposed to the 
weightless environment of space for only a few 

differentiate. Stress can alter metabolic activities 
days show changes in function and structure. 

and can disturb the chemical processes in 
Experiments have proven that alterations in cell 

organisms or even a single cell. For example, 
metabolism, immune cell function, cell division, and 

microgravity impedes the development of bone 
cell attachment all occur in space. For example, 

cells. Bone cells die if they can’t attach themselves 
after a matter of days in microgravity, human 

to something. Without gravity exerting a downward 
immune cells were unable to differentiate into 

pull on these bone cells, they float aimlessly about 
mature cells.

and eventually perish. This suggests that gravity 
may give the cells clues where to attach 
themselves.

Another area of gravitational biology focuses on 
culturing cells in space, where the microgravity 
environment is actually advantageous for tissue 
growth. In laboratories on Earth, cells are grown in 
petri dishes. They typically grow to form a flat, two-
dimensional layer on the bottom of the dish. In a 
living organism, however, cells form tissue quite 
differently. They grow to form three-dimensional 
layers of tissue consisting of specialized and 
differentiated cells. Because cells grown in petri 
dishes, or in vitro, do not differentiate, they are 
essentially useless in biomedical applications such 
as tissue grafts. However, scientists found that if 
cells were grown without the influence of Earth’s 
gravity, they formed tissue that more closely What does this mean? Well, if certain cells cannot 
resembled natural tissue in the body. Experiments differentiate in space, organisms may not be able to 
have proven that microgravity is beneficial to cell reproduce successfully after exposure to zero 
culture and tissue growth.gravity. Scientists believe the stress of space flight 

is responsible for the inability of certain cells to 
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These photos compare tissue grown in 
microgravity with tissue grown on Earth. The cells 
grown in microgravity (left) are more similar to 
tissue found in the body than the cells cultured on 
Earth (right). Photo courtesy J. Milburn Jessup

“ The development and 
growth of cells, plants and 
animals can be studied in 
the absence of gravity, 
lending helpful insight into 
how gravity influences life 
on Earth.

”
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 same plants on Earth. Scientists still can’t fully 
explain these observations and further research is 
currently being conducted. A thorough 
understanding of how plants grow and reproduce in 
space is essential to the success of future long-
distance space missions, where growing crops will 
be a primary source of food for the crew.

There are many questions left to be answered in the 
field of gravitational biology. How exactly do cells 
sense gravity? Can single cells sense gravity, or 
only multicellular structures? What are the 
differences between species in how they sense and 
respond to gravity? Science is driven by the desire 
for knowledge, to answer questions and to 
understand the universe we live in. Gravitational 
biology seeks to answer these questions and to 
discover the nature of the relationship between the 
physical laws of the universe and living things.

Now we will shift the focus from tissue to plant 
cells. On Earth, gravity plays an critical role in plant 
growth. Plant tropisms are directional movements 
of a plant in response to a directional stimulus. One 
type of plant tropism is gravitotropism, which is a 
movement caused by gravity stimulation. Plant 
roots grow in the direction of the gravity vector and 
away from sunlight, while shoots grow against 
gravity and toward sunlight. How do plants sense 
gravity? They do so with the use of hormones. One 
particular class of hormones, called auxins, are 
responsible for root cell elongation. Auxins are 
synthesized in shoot tips but they eventually 
migrate down to the roots where they accumulate 
because of gravity and stimulate the growth of root 
cells. Hormones are similarly responsible for shoot 
tip growth away from gravity.

In space, however, the absense of gravity means 
that the chemical signals that are normally triggered 
by gravity will not be triggered at all, or at least not 
from a specific direction. Plants do grow in space, 
but some have shown unusual responses to zero-
gravity. The root cells of some plants were observed 
to have changes in their chromosomes. 
Interestingly, the measured root production in these 
plants was markedly faster in space than in the 
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“ How exactly do cells sense 
gravity? Can single cells 
sense gravity, or only 
multicellular structures? 
What are the differences 
between species in how 
they sense and respond to 
gravity?

”


