FOLLOW-UP REPORT — INNOVATIONS AND NEW DEVELOPMENTS

Bacillus pumilus SAFR-032: A model for planetary protection

George E. Fox

ABSTRACT—In order to prevent forward contamination of Mars, it is necessary to minimize the biobur-
den on spacecraft that will contact the Martian surface. Bacillus pumilus strains whose spores are unusu-
ally resistant to ultraviolet light and other means of sterilization have been consistently found in the
clean rooms used in spacecraft assembly as well as on spacecraft. In order to better understand the ori-
gin of these organisms and to develop effective means to eliminate them, the complete genome of
Bacillus pumilus SAFR-032 and B. safiensis FO36b were determined in collaboration with the Baylor
College of Medicine Human Genome Sequencing Center (HGSC). These two genomes are being com-
pared to each other and to the closely related and previously determined genome of B. licheniformis and
B. subtilis. In particular, genes involved in DNA repair, response to oxidative stress, and sporulation are
being intercompared to obtain a list of genes likely associated with dramatic changes in resistance.

METHODOLOGY

The complete genome of B. pumilus SAFR-
032 was determined in collaboration with the
Human Genome Sequencing Center at Baylor
College of Medicine (HGSC). It was compared
in detail with its closest sequenced relatives, B.
licheniformis and B. subtilis.' In addition, a set
of 454 sequence data was obtained for B. safien-
sis FO36b. Possible open reading frames were
initially  predicted by Glimmer* and
GeneMarkS® and then automatically examined
for similarity to known COGS, protein domains,
and other annotated genes (i.e., pre-run BLAST
searches). The annotators looked at all the data
and in some cases literature references before
assigning a name and, if possible, a likely function for the
open reading frame.* The annotation team was made up of a
variety of individuals from the HGSC group and UH. Each
gene was annotated separately by two annotators and the
resulting annotations compared automatically. Differences
were subsequently resolved by conference between the anno-
tators with input from the group as a whole when needed.
Using the Projector 2 software, B. safiensis contigs were
mapped on the B. pumilus genome. Thus, it was possible to
compare gene lists and, to a lesser extent, gene order in these
three organisms.

RESULTS

The comparison between B. pumilus SAFR-032/B. licheni-
formis has been described in detail with respect to genes like-
ly to be involved in DNA repair and regulation of the oxida-
tive stress response’ and will be summarized here. The primary
observation was that there are 13 genes uniquely missing from
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the SAFR-032 genome relating to the DNA
repair and regulation of the oxidative stress
response, any of which might have been
replaced with a component leading to elevated
resistance. The comparison also revealed the
importance of looking at sequence variability.
Changes in function typically correlate with
rapid acceptance of sequence changes. Most
genes in a three-way comparison between B.
subtilis, B. licheniformis, and B. pumilus have
similarities in the 70-90 percent range.
However, in a few cases, the B. pumilus gene
has considerably more variation. An example is
the catalase gene, KatX2, whose sequence simi-
larity falls to 48 percent for comparisons
between SAFR-032 and the other two genomes
but is above 70 percent in the B. licheniformis/B. subtilis com-
parison. Another example is the splAB operon. The translated
SpIB sequence is highly conserved in B. pumilus, but SplA has
substantial sequence diversity when compared to the pre-
sumed B. subtilis and B. licheniformis homologs, indicating
possible differences in SP lyase genetic regulation.

With regard to sporulation, 46 proteins are known to be
components of the spore coat in B. subtilis. These proteins
play a prominent role in the resistance of the spores to chemi-
cal and physical agents. Detailed comparisons of these pro-
teins are ongoing and will be covered in a second paper now
in preparation. Multiple interesting results have been obtained.
For example, the operon cot JA(BC) is missing completely
from both B. pumilus SAFR-032 and B. safiensis F036b, while
it is found in B. subtilis and B. licheniformis. Is it present or
absent in the reduced-resistance, B. pumilus-type strain
(ATCC 7061)? With the B. safiensis FO36b contigs mapped to
the SAFR-032 genome, searches for each SAFR-032 gene in
F036b were conducted. Most genes, in fact, had homologs that
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were positioned correctly in the contig map. A total of 301
SAFR-032 genes were found to be missing in FO36b. Of these,
115 are genes that have been previously assigned function.
The remaining 186 include 20 ORFs that have homologs only
in other Bacillus species and 87 ORFs that had homologs in
various bacterial genomes in addition to the Bacillus species.
The remaining 87 ORFs are hypothetical proteins found exclu-
sively in SAFR-032. The missing genes of known function
that might relate to the resistance differences seen between the
two strains include genes coding for a small acid soluble pro-
tein, two cell division-related proteins, and a sigma factor.
Efforts to identify genes that are unique to FO36b are being
conducted by searching the unmapped contigs for novel genes.
Most of these are very small and contain obvious assembly
errors or encode rRNA fragments.
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