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Talk Outline

• Deep biosphere explorations from world’s 
deepest mines

• Search for life in nuclear detonation cavities at 
NTS

• Unexpected result that ties it all together



Very Simple Questions

• How deep does life extend into the 
Earth?

• How does deep life get energy?



DNA



• Extract total community DNA
• Amplify genes of interest
• Library construction
• DNA sequence analysis
• Community genomics

Molecular Approach

SSU rRNA 











Anglogold Ashanti Mponeng



Witwatersrand Deep Microbiology Project

TC Onstott





Sara Gaines and the “kibble”



Evander Mine 8 Shaft 18 Level, 2.1 kmbls

Follow the Water



Kloof Mine , 3.3 kmbls, Photo by Arnand vanHeerden



Coring

Evander Mine 8 Shaft 18 Level, 2.1 kmbls



MP104E46X fractureMP104E46X fracture

Brett Tipple in Mponeng



Greg Wanger and Gordon Southam



MP104E46X Summary

Depth 2.8 kmbls
Temp >60 - 52oC
pH 9.3
H2 1.9 - 3.7 mM
CH4 8.6 - 16.6 mM
SO4

2- 0.5 - 1.9 mM
Cell density 3.3 x 104 mL-1

Volume filtered 5,600 L

Lin, L.H., P.L. Wang, D. Rumble, et al. 2006. Long-term sustainability of a high-energy, low- 
diversity crustal biome. Science 314:479-482.



Population assessments of MP104E46XPopulation assessments of MP104E46X

Chivian, D., E.J. Alm, E.L. Brodie, Science, 2008. 



Based on its rod-like morphology, its apparent use of the dissimilatory 
sulfate reduction pathway for energy production, and because of the 
journey this "audax viator" (bold traveler) undertook to live in the 
extreme depths of the Earth, we have named this organism "Candidatus 
Desulforudis audaxviator".

Desulforudis audaxviator

Chivian, D., E.J. Alm, E.L. Brodie, Science, 2008. 



Chivian, D., E.J. Alm, E.L. Brodie, Science, 2008. 



Feature Value
Genome size (bp) 2,349,476
%G+C 60.9
Predicted genes (ORFs) 2157
Percent of genome protein coding 86.8
Transposons 83
Transposon gene groups 30

Some Features of Genome



Feature Notes
Endospores Yes
Flagella Yes
Sulfate reduction SRB, Na+/SO4

2- symporter
Carbon fixation

TCA - Reverse TCA Incomplete
CODH - Wood Ljungdahl - 2 types, one archaeal

N fixation Nitrogenase, archaeal 
“hyperthermophile” genes ~50
Archaeal genes 85
Catalase, peroxidase, SOR No

Physiological Features



Radiolysis splits water 
(H2 and H2 O2 , O2, O*)

Oxidants react with sulfide, FeS2 
(4O* +HS- -> SO4

2- + H+)

SO4
2- (~11,000 ppm)

Estimated rates

H2 production ~ 1nM y-1

SO4
2- reduction 0.22 - 1.45 nM y-1

Cell turnover 45 - 300 yrs

Radiation-driven Ecosystems?

1) Lin, L.-H., J. A. Hall, J. Lippmann, et al. 2005. Radiolytic H2 in the continental crust: Nuclear power for deep 
subsurface microbial communities. Geochem. Geophys. Geosys. 6:Q07003, doi:10.1029/2004GC000907.

2) Lin, L.H., P.L. Wang, D. Rumble, et al. 2006. Long-term sustainability of a high-energy, low-diversity crustal 
biome. Science 314:479-482.
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Uranium X-ray map



Chivian, D., E.J. Alm, E.L. Brodie, Science, 2008. 



NASA's Infrared Telescope Facility (IRTF) atop Mauna Kea  



Part II: NTS/Death Valley Flow System

From Mike King, Devils Hole workshop, 2007



Devils Hole Well BLM1, Nye CO, NV

Windows into the Death Valley Flow System



NTS Photo Library 

Nevada Test Site
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(DOE-cleared photo, J.C. Bruckner)

Hot well sampling at NTS



Test Well pH T (°C)
Cond. 
mS/cm DIC Cl- NO3

- SO4
- Na+ Ca2+

GASCON U-4t PS#3a 8.5 20.3 558 --- 73.6 <0.4 0.44 75.3 10.9

CHANCELLOR U-19 PS#1A 8.9 95-65 862 110 26.9 2.11 63.4 96.0 1.1

NASH UE-2ce 6.8 34.2 736 308 14.0 5.7 18.1 38 71.8
Tunnel Vent U12N.10 9.4 22.7 1110 178 35.5 1.9 288.6 221 14

Aquatic chemistry 2008 NTS hot well survey (from M. Zavarin)a

aData are preliminary



Preliminary radiological data from NTS hot wells

Test Well
Sample

Date
3H 

(pCi/L)
14C 

(pCi/L)
99TC 

(pCi/L)
129I 

(pCi/L)
239,240Pu 
(pCi/L)

GASCON U-4t PS#3a 03/19/08 3.0E3 nd 3.49E-3 2.52E-4 ip
CHANCELLOR U19ad PS#1A 05/01/08 1.3E7 4.0E2 2.54E1 1.32E-2 2.7E1
NASH UE-2ce 07/02/08 2.7E5 8.0E1 2.28E-3 1.06E-2 <0.04
U12N Tunnel U12N.10 08/20/08 6.26E6 ip ip 9.89E-1 ip

ip = analysis in progress 

Mavrik Zavarin, LLNL



Physiotype GASCON NASH U12N

Nitrate 
reducers 102 104 nd
Sulfate 
reducers nd 102 102

Iron reducers nd nd 103

Fermentative 102 nd 101

Methanogens -- -- 102

Abundance of major NTS microbial types. 

nd = none detected



Hot Well Bacteria on Filter

(DOE-cleared photo, J.C. Bruckner)



Chloroflexi

Nitrospirae

Firmicutes

Actinobacteria

Acidobacteria

B-C group

S  F

P
roteobacteria

S = Spirochaetes
F = Fusobacteria

α

γ

β

δ

U12N

NASH

GASCON

NTS Diversity



Phylum Species Similarity Location
(# clones) Isolate description

a-proteobacteria Phenylobacterium 
lituiforme 98% GASCON (1) Thermophile, 

subsurface aquifer

a-proteobacteria Phenylobacterium 
falsum 98% NASH (7) Alkaline, subsurface 

aquifer

b-proteobacteria Aquabacterium sp. 
GPTSA100-18

99%
NASH (1)

Isolated from Indian 
warm springs

b-proteobacteria Azospira oryzae strain 
N1 98% NASH (7) Selenate/selenite 

reducer

b-proteobacteria Ralstonia sp. 22 99% NASH (3) Arsenite oxidizer

b-proteobacteria Delftia acidovorans 
str. SPH1 99% U12N (1) Degrader of 

orgainics

b-proteobacteria Siderooxidans 
ghiorsii str. LD-1 95%a GASCON (3) Neutrophilic Fe(II) 

oxidizer

d-proteobacteria Desulfovibrio sp. zt31 97% GASCON (7) Sulfate reducer

d-proteobacteria Pelobacter venetianus 95%a U12N (1) Dissimilatory Fe(III) 
reducer

g-proteobacteria Thiovirga 
sulfuroxydans 99% U12N (3) Microaerophilic 

sulfur oxidizer

Firmicutes Desulforudis 
audaxviator MP104C 98% U12N (1) Deep biosphere, 

Nearest described microorganisms to clones (>97% based on BLAST pairwise alignment)



NASHGASCON U12N.10

Distribution of NTS clones by phyla. Total numbers of clones per site: Nash (73), GASCON (68), 
U12N (86).

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Gammaproteobacteria
Fusobacteria
Firmicutes
Actinobacteria
Acidobacteria
Spirochaetes
Nitrospirae
Chloroflexi
Chlorobi
Bacteroidetes



(DOE-cleared photo, J.C. Bruckner)

Hot well sampling at NTS



 Thermodesulfovibrio yellowstonii
 Clostridium thermocellum JN4

 Moorella thermoacetica
 Pelotomaculum sp MGP

 Desulfotomaculum kuznetsovii 17
 Unc SK21
 Unc MP104-0916-b10
 Desulforudis audaxviator
 Unc SGNX0098
 Unc D8A 1
 Unc TTMF21

 U12N.10V 03D
 Unc CVCloAm3Ph1

 U12N.10B 04B
 U12N.10V 09D

 Unc CAMV300B902

0.05

[Skanderborg, Denmark]

[SA gold mines]

[alkaline ground water, Portugal]

[Gulf of Cadiz, Spain/Portugal]

[Nevada Test Site]

[Nevada Test Site]

Representative of 47 sequences 
with ~100% identity to D. 
audaxviator only Unc SK21 not 
from SA mines

Representative of 7 sequences 
with ~98% identity to D. 
audaxviator

Representative of sequences with 
~91% identity to D. audaxviator

Note: 836,814 SSU rRNAs in RDP Release 10



Conclusions

•Earth has an isolated microbial ecosystem deep 
underground

•Deep biosphere appears to be fueled by 
radiochemsitry and completely independent of solar 
inputs

•Million-to-one discovery of Desulforudis audaxviator 
in deep radioactive habitats on two continents 
suggests role for radiation in sustaining microbial 
populations at the NTS 
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Future Directions



Kidd Creek Mine
Timmins, Ontario



Kidd Creek Mine
7850 Borehole



Kidd Creek Mine
7850 Borehole



DUSEL
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