PROBING THE
EARTH’S DEEP BIOSPHERE!

,_ T. Kieft, D. Moser, D. Boutt,
"\\;" H. Wang, L. Murdoch, C.
'\‘\ Anderson, L. Stetler, S. Bang,
AR R. Sani, B. Roggenthen, B.
Mailloux, K. Nordstrom, B.
Sherwood Lollar, J.
Lippmann-Pipke, R.

Stepanauskas, D. Emerson,
S. Pffifner, T. Phelps, P.
Long, K. Pedersen, T.
Tokunaga, G. Slater, M.
Conrad, H. Dong, E.
vanHeerden, K. Takai and
many others
Communicated by T.C.
Onstott

NEW h_l:gf_ﬁu\'ﬁm.«u (NREMEE N W MDA \wAT DEN MEDIA

TMAND @ MMVIII NEW LINE PRODUCTIONS INC ALL RIGHTS RESERVED




1073 g of living C on Earth

These microbes control biogeochemical cycling and fluxes
between the surface and subsurface.

Both are crucial to climate change, CO, sequestration, long
term waste storage and resource extraction.

The subsurface biosphere is relevant to the origin and
evolution of terrestrial life and offers insights to the

potential for life on other planets in our solar system.

The subsurface harbors diverse, novel and demonstrably
useful, potentially ancient enzymes.

Current knowledge of the continental deep subsurface 1s
limited, based on a few cores, fewer boreholes from the
surface, still fewer deep mines and one URL.

Whitman et al. 1998




“Subsurface
Biosphere” is a
complex ecosystem
requiring geological,
geophysical,
hydrological,
geomechanical
biogeochemical,
molecular and
microbiological
characterization.

Over-arching
question: What are
the distributions and

activities of
subsurface life and
what controls them?
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How Ideeply does life extend into the Earth?
What fuels'the deep biosphere? ;

How does the interplay between biology and
geology shape the subsurface?

What are subsurface genomes telling us?”,

Did life on the earth's surtace come from
underground?

IS there life (down there) as we don't know 1t?
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16S rRNA gene hbrarles revealed this new species of bacteria was present
only at depths >1.5 km and distributed over a distance of 300 km 1n the
Witwatersrand Basin of South Africa

In some fractures it is the dominant species or only species.

You cannot grow it, but thel6S rRNA gene sequence is very similar to
sequences recovered from a deep sea vent

This species was remotely related to gram-positive sulfate reducing isolates
so it might be a sulfate reducer.
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What does the genome tell us?
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Large Volumes of Water Help — Particular when searching for
rare, but important organisms
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Deep Biosphere Research:
Cherdexb@eaafatiffuirs
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Transformative science goals, why
is DUSEL required?

* What are the microbes doing? Perform experiments 1n
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In situ P&T borehole experiments

* Monitor changes during induced near-
field seismic events

 Circulate various labeled metabolites
into the borehole and monitor uptake
kinetics, growth rates, etc.
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MUL’s — Mobile Underground Laboratories
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Why Homestake? — Geologically well-characterized 3D
volume to deepest levels in USA.

Open pit and* &, .

shallow workings Tailings

Should provide access to a variety of ground water ages from the
top to the bottom of the subsurface biosphere.




Tailings Pond
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f" Looking Down on the
7400” Deep Microbiology
= Facility — three boreholes
% down to 5+ km — 120°C

- - o~ -

= Water filtration system
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Low Background Counting Laboratory Located
at the 4850° Level

Lab space for
preparation of
biological and
hydrological
samples (e.g.
210pp, 137Cs,
IAr, etc.)

o, B and y
counters behind
ater shield,
including large
volume B cage.

Ecohydrology would produce ~60,000 samples for counting over 5 years



Conceptual design of the DUSEL biology
program

1. MREFC - Clean coring and core hole completions from surface to
base of biosphere with metal-free packers 1solating individual
fractures.

a. Employ proven and new technologies to characterize geochemistry and
microbiology of rock matrix, fracture surfaces and fracture water.

b.  Monitor fractures over time until they stabilize.

2. Post MREFC - Once core hole has recovered from drilling impact
initiate experimental phase.

Perform single cell DNA sequencing to generate reference genomes for
community DNA, RNA and protein studies

Perform population genomics analyses to determine evolutionary histories,
current selective pressures and gene flow.

Utilize MUL'’s to perform microcosm and in situ experiments that employ
1sotope labels and isotope microarrays to quantify metabolite flow, respiration
rates, replication rates, the effects of nutrient limitation, quorum sensing, viral
populations, and predation.




Integration of biology program with other
activities at DUSEL
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Anticipated Biological Results from
DUSEL in the Coming Decade

¢ Discovery of the ultimate high temperature limit for life in the crust and
what controls it.

eDiscovery of what controls the ‘‘average age’’ of microorganisms in the deep
subsurface.

eDiscovery of what other factors control subsurface biomass concentration,
diversity, migration rates and evolution.

eDiscovery of how microorganisms impact rock strength, hydrothermal
circulation and CO, storage by mineral dissolution and precipitation.

eDiscovery of new geophysical sources of energy for deep subsurface
microbial communities.




