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How does pressure affect A. fulgidus grow{fh?

Extreme conditions of deep-sea hydrothermal systems
have been proposed as a potential location for the - | . _
emergence of life on Earth'? and are analogous to TS EETTElE ——— A A fulgidus Growth Curves B A. fulgidusGrowth Rates Maximum Cell Density
potential habitable subsurface environmentson Mars?, = & = Y= -

Europa’, and Enceladus®. While the subsurface on
Earth hosts a variety of geochemical and geotherma
conditions, elevated pressures are common to al -
subsurface ecosystems®. Here we are using a mode ~2 kbar ~2 kbar
extremophile, Archaeoglobus fulgidus, to investigate |
how elevated pressures affect the growth, metabolism,  gigyre 1: Two proposed cross section profiles
and physiology of subsurface microorganisms. These of Europa’s ocean, all potentially habitable
experiments focus on sulfate reduction by A. fulgidus deep-sea environments are at ~1.4-2 kbar’.
from 1-800 bar. We targeted the following questions:
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. Can A. fulgidus grow at the elevated pressure
conditions of terrestrial and extraterrestrial ~100 bar $ | £ |
subsurface environments? By \ kW ¥ == 100(bar)
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yields respond to increasing pressures ?
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pressure growth: | : : - . : . : . e . 8 E) and 800 bar (C & F) after 24hrs (A-C), 36hrs (D & E) and 48hrs (F) of
ARSI Figure 6: High-pressure growth of A. fulgidus from 1-400 bar. (A) Exponential growth curves and i Figure 7: Maximal cell densities for A. fulgidus over al§ jncybation. A, B, D and E are 20X dilution; E & F have no dilution. Bar,

Does decompression affect the growth of high- 20140 from ~80-500 bar. Credit Figure 1 & (B) growth rates () as a function of pressure. range of pressures (1-800 bar) at 24hrs and 48hrs. 5um.
pressure microbial cultures? 2: NASA/JPL-Caltech . ‘Q\

Does decompressmn ‘ * Does A. fu,g’dus cell behavior Exponential growth rates for A. fulgidus were 0.13 hr '-0.071 hr ' + 0.048 at

A. fulg’dus growth‘?- | Vary over ara nge Of pressures? oressures up to 400 bar (~4000 meters below sea level depths).

_ower cell densities were observed at 500 bar with no growth from 600-800

3 Pre-cultures + 1 - control

Oar.

‘ = Vessel decompression with
sampling

R= 0.99997 ._Z Cell flocculation was observed from 1-400 bar and cell elongation was seen at

X = Vessel decompression

et sametne R=0.99177 L~ pressures over 500 bar, which also negatively impacted growth.
R= 0.99689

- R=0.99347 X
12 | e exponential growth from 100-400 bar (cell density ratios ~1).
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Repeated decompressions from subsampling did not significantly impact

Our data suggest that A. fulgidus continues carbon, sulfur and energy cycling uneffected

Figure 4: Experimental setup to test cellular

_ . by elevated pressures up to 400 bar with little to no affect of decompression on cell
Pressure Vessel growth rates with subsampling decompression.

denisties. These pressure ranges represent a variety of deep-sea and subsurface

Figure 3: High-pressure batch culture procedure environments on Earth. Today, extremophiles, like A. fulgidus, thriving in these high
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o 0 1VATlOoN S5ure | Ino um | interw in experiment
optimum temperature (83°C) for pressures up to 800 bar. Growth psses ) |6m) |G 0w . lend insight into how microbial communities thrive at Earth’s seafloor and how
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Traditional high-pressure batch cultivation of microbial
species usually requires short-periods of decompression®
(and cooling for thermophiles) when collecting samples prer—
for cell enumeration and other analyses. In order to test EiSsuds:
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Figure 8. Cell flocculation (A & B) observed over A. fulgidus RS EuEENPHERIEY
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high pressure vessels and compared cell densities for those Figure 5:High pressure experimental design periodically decompressed cells, for A. fulgidus grown 36  fulgidus grown under 100 bar after 36hrs (A & B) and 500 bar after — RIEEE S ERr R
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