
Contrary to popular
belief, the virulence
of Salmonella strains
is not reduced in the

microgravity of space. In fact, Salmonella strains
might increase resistance to antibiotics if given the
environment to multiply during missions of long dura-
tion. New technology allows researchers to study this
serious problem with the development of a rotating
bioreactor at the NASA-Johnson Space Center.

A team of researchers in biochemistry is devoting
effort to bacterial growth in the bioreactor to determine
whether changes in bacteria can, in fact, be attributed
to microgravity or whether fluid effects cause changes.
For the first time, scientists can examine gene expres-
sion in a comprehensive way, using arrays of surface-
bound DNA probes that target large numbers of
mRNAs in a single experiment.

BACTERIA—Dr. George Fox, professor of biochemical and
biophysical sciences, studies the effects of microgravity on
bacteria His research focuses on whether strains of bacteria
might experience enhanced resistance to antibiotics during a
long mission in space. Such changes would affect the health of
astronauts and delay their recovery from illness during flight.

Abstract—

ONE OF THE UNIQUE ASPECTS OF SPACE FLIGHT is extended
exposure to microgravity. A large body of whole-organ-
ism-based work has demonstrated that prolonged micro-

gravity exposure, has significant effects at a basic, cellular level.
Far less work has been done on bacteria, and it is not obvious that
they would be affected at all. However, recent evidence that expo-
sure to microgravity modifies the virulence of Salmonella strains
has dramatically demonstrated this is not the case. Another realis-
tic possibility is that strains might evolve enhanced resistance to
antibiotics over the course of a long-duration mission. Despite
these concerns limited access to space flight has largely prevent-
ed detailed studies of the effect of microgravity on bacteria.
Fortunately, an approximation of microgravity on Earth has been
achieved through the development of a rotating bioreactor at the
NASA-Johnson Space Center. This bioreactor (rotating wall ves-
sel- RWV) simulates microgravity by randomizing the gravita-
tional vectors such that the gravitational vector integrated over
time approaches zero. Used in conjunction with genomics tech-
nology, the RWV makes it possible to study microbial gene
expression under simulated microgravity conditions.

It is now possible to examine gene expression in a comprehen-
sive way, using arrays of surface-bound DNA probes that target
large numbers of mRNAs in a single experiment. This approach
has taken a quantum leap in effectiveness, for the entire genomic
sequences of well- characterized model organisms are now avail -
able. The whole-genome sequence information permits the design
of hybridization probes for each and every gene, which may be
expressed by the organism. Advances in detection and array con-
struction now allow single experiments to simultaneously moni-
tor the expression levels of every predicted mRNA. With the com-
pletion of numerous bacterial genomes, including Escherichia
coli and Bacillus subtilis, it is especially timely to examine the
effects of simulated microgravity on bacterial gene expression.

The specific aim of the project is to determine if bacterial gene
expression is affected by simulated microgravity. In order to
address this goal, we are initially using hybridization assays to
monitor the expression of all genes in the Gram negative bacteri-30-ISSO
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um, E. coli, for which the entire genome sequence is available and
for which ordered arrays of probes for each open reading frame in
the genome are commercially available from Genosys, Inc. (The
Woodlands, TX). Because E. coli is by far the most extensively
studied bacterium, its metabolism and gene regulation are
extremely well understood. Initial studies indicated that over 100
open reading frames were expressed at levels that are either twice
or less than half what is seen in a shaker flask control. We have
developed software that allows us to automatically detect and
quantify spots on the arrays and a display tool that allows one to
display which genes are up or down, regulated within the context
of genomic position.

Although growth in the bioreactor has significant effects on
gene expression, it remains to be proven that microgravity rather
than fluid effects causes the observed changes. Therefore, our
focus in the coming months will be a series of experiments to dis-
tinguish responses to fluidic effects from microgravity effects. In
order to do this we are analyzing a variety of physiological
parameters including growth rate and yield, cell appearance, and
the length of the lag and exponential phases. We will determine if
these parameters are changed between controls and simulated
microgravity when different growth conditions are imposed. 

We will use two types of controls. The first is growth in the
RWW held in the horizontal position and the second will be
growth in an ordinary shaker flask. Results will be compared for
growth in both minimal and rich media. Because E. coli is a fac-
ultative anaerobe it will also be possible to compare growth when
oxygen is and is not the terminal electron acceptor.
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