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Introduction: The surface of Venus constitutes
the most hellish and biologically inhospitable planetary
surface in our solar system, boasting a pH of 0, blister-
ing winds that can melt lead, and pressures of 60 atm.
However, during the earlier years of the solar system,
without the runaway greenhouse effect that has
plagued the planet, Venus potentially housed oceans
and perhaps even life. There is a possibility that mi-
crobes could have retreated into hospitable niches in
the atmosphere, as suggested by Carl Sagan as early as
1967 [1]. For example, S0 km above the raging hell of
the Venusian surface, exists a relatively temperate en-
vironment that might serve as reservoir for life.

< This astrobiology project seeks to explore life at
the extremes and to theorize whether microbial com-
munities could not only survive but also reproduce in
the Venusian atmosphere. Specifically, we ask: are
aerosols viable microbial environments? But before we
can test for life in the clouds, we have to develop a
proper reporter to visualize cell growth in situ. For this
purpose, we aimed to develop cell-growth dependent
reporters to serve as remote biosensors for cell growth.
We developed two using the polA promoter, a DNA-
replication dependent promoter, and nrd operon pro-
moter, a cell-cycle dependent promoter.

Using these cell-growth reporters, the next step is
to aerosolize microbes expressing these reporters in a
suspension chamber adapted from a Millikan Drop
Apparatus to assay reproduction in an aerosolized en-
vironment. Better yet is to test the reproduction of mi-
crobes in a microgravity regime such as on ISS.

Approach: We engineered two cell-cycle depend-
ent genetic reporters. One was the polA promoter
which codes for DNA Polymerase I, a gene active in
DNA replication [2]. The other was the nrdP. The
activation of ribonucleotide reductase reduces ribonu-
cleotides into deoxyribonucleotides and is involved in
the bacterial cell cycle [3]. This promoter began activa-
tion during the initiation of DNA replication and is
cell-cycle dependent [4]. These promoters were fused
to a GFP reporter, transformed into E. coli. The con-
structs were deposited in the iGEM registry as
*  K847210: Escherichia coli DNA-replication de-

pendent polA promoter
*  K847211: Escherichia coli cell-division dependent
nrd promoter

Results: Our constructs displayed fluorescence
when transformed into NEB-5alpha competent cells.

While nrdP-E0840 displayed sufficient fluorescence as
verified by fluorescent microscopy, the original polAP-
E0840 construct (which uses mut3b GFP) exhibited
low expression; while fluorescence was visible under
the microscope, the signal was too weak for the camera
to recognize. The polA promoter was therefore digest-
ed with EcoRI and Spel then ligated into plasmid
pNCS containing a RBS, Clover, and a terminator.
Clover is a highly engineered green fluorescent protein
that exhibits extreme brightness [S] Fluoresence time
course data demonsrated that the genes were induced
in a cell cycle dependant manner [6]. Our assays via
microscopy and the bulk assay shows that our promot-
ers are functional as cell cycle reporters.

Conclusions: The application of such tools are
widespread and not limited to astrobiology; nrdP could
be used to determine doubling times empirically and
could possibly extrapolate DNA content from intensity
of signals expressed by polAP. However, we are pri-
marily interested in its use in astrobiology. We plan to
use these promoters in reporters expressed in bacteria
that we will aerosolize cells into a flight unit on ISS to
test for cell division while suspended. The presence of
similar oscillations in fluorescence that we observed in
the bulk assay would suggest that bacteria can repro-
duce in aerosol and therefore inhabit a niche in the
clouds. Thus, we suggest promoter tools like nrdP and
polAP present a broad range of possibilities to re-
searchers, especially in the new application of synthet-
ic astrobiology.
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