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4H, + CO, = CH4s + 2H50

AG® -48 kJ/mol
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4H, + CO, = CH4 + 2H50

AG° -48 kJ/mol

For biology to use a redox reaction for energy
conservation it needs:
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4H, + CO, = CH4 + 2H50

AG° -48 kJ/mol

For biology to use a redox reaction for energy
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4H, + CO, = CH4 + 2H50

AG° -48 kJ/mol

For biology to use a redox reaction for energy
conservation it needs:

1. The reaction to be exergonic

(have a negative AG,)
AND
2. The abiotic reaction needs to be slow
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needs to have an activation barrier
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ENERGY AND REDOX COUPLES ON EXTANT EARTH

Oxygen as an electron

acceptor
1 2H,(ag) + O(aq) ¢ 2H,O 4
+ + .
p| B 2 COxaa) Using only CHNOS and Fe
= CO(ag) + 1/20,(ag) + H.O
: IZ\TNCI;IE )++2H+2+0§ s Heorr 2 Everett Shock group wrote 1,460
:0(ag : —— ) . :
, 2NH; T spo|Mirateds (‘;’;)elef’I’g(”‘)“c" < v~  thermodynamic valid redox reactions
INO(aq) +2H + | 45 | Hal& 3 74 _ ] . .
NH?('f%/zoz(aq) > |10 4NO; + H,0 potentially used by microbes!
S OH+H0 | 46| 2H:5@@ + NOs | 55| N@@) + SNOs + O <
NH, + 220( pyrite + NO, + 2} SNO," +2H
6 2H+4+H 0 | aq) 47 HzS(aCl) + NO;™ 76 N;;_O(&Q) + 2NO; + Hu(]
2 g p 3 +
NO; + H:0 ¢ 4NO, + 2H *“¥ | HCOy +N,0(aq) + 2H,0 — ,
Nyag) + 120 : s o A0 2 4N,(ag) + S:0.° + H,0 +
& Nzg?a?q) 43 2H,S(aq) + 4NO; 77 2;N O(.a-Q_) t 1\103 + H 139 4CO(ag) + 2NOs + 2H™ ¢ 760 QHE(' & ¢ 2ZEleS(aq)2 + 8
8 Noaa)* O:aa) “I" T'HS(@g) + 4NO: | 78 | NOs ¢ NO: +1/20x(ag) 140 | 4C0(agq) + 2NO, +3H,0 © | ™ “TONag) + 50,7 + IO +|
o Na(ag) + 3/20,(a bl e IHiaq) + 20 + 2NO, ¢ 4HCOs + N,O(aq) + 2H" 2H' © 2H.S(aq) + 4NO(aq)
« 2NO, + 2H* s | Pyrite + NOS | 79| e 4 41,0 a1 | NHe + N0y © N:O@Q) T | | 760 [ @) + 3807 + THO[
N.(ag) + 5/20.(a 2sulfur + Fe” + N - = 2H,0 © 6H,S(aq) + 8NO, +2H"
| . = . — 6H.S(ag) + 3Fe™ + 2NO: 2 5 n
S 2O+ 2k pyite: . SBICH" 4 : , 4No(ag) + 2NOs + 2H «© 4Ny(ag) + 55,0,> + 2H +
51 g 80 © 3pyrite + 2NO(ag) | 142 | 7% 3 765 <1 raNoc | 40
11 N.O@ag) + 1/ SHOED AH,0+4 H' SN,O(ag) + H,O 9H.0 * 10H.S(ag) + NO,
5 pynte + 7NO; - 3st(aQ) £ 2NO3 + 94" « 143 2]\]()3 + 2H' ¢ NzO(aq) 4 766 4N20£aQ) + S5,0,* + 2H" + 3
Fe” +250°+ ) 81| 30uifur + 2NO(ag) + 4H,0 20:(ag) + H:0 1.0 21:3ag) + SROg)
2sulfur + 2NOy T ; , — 2N,0(ag) + 05 + 3H,0
3| 5.0+ 2NOs 44| 82 | OF:S@D + SNOs +2H €|y | SHAag) + 2NO."+ 2H 767 | < DH.S(ag) +4NOs 20" | 8
—— 38,0,°+ 8NOag) + TH.0 Ni(zg) + 6H,0 N.Ofag) + S.0:% + 21,0 ©
- 3H,S(aq) + 8NO: +2H' ¢ 10H28(§g) + 2NOs + SFe* 768 2stég) +2NOy i
8NO(ag) +380,°+4H,0 | 145 © Spyrite + No(ag) +8H'+1 ™ T8NO(gq) + .07 + SHO © ;
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ENERGY AND REDOX COUPLES ON EXTANT EARTH

We do not know how many of these
reactions are actually used by Life

(it at alll) and how do they map to the Tree
of Lifel
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Who's there2 What are they doing?
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Gold 1992 PNAS

Proc. Natl. Acad. Sci. USA
Vol. 89, pp. 6045-6049, July 1992
Microbiology

The deep, hot biosphere
(geochemistry / planetology)

TaHOMAS GoLD
Cornell University, Ithaca, NY 14853

Contributed by Thomas Gold, March 13, 1992

ABSTRACT There are strong indications that microbial
life is widespread at depth in the crust of the Earth, just as such
life has been identified in numerous ocean vents. This life is not
dependent on solar energy and photosynthesis for its primary
energy supply, and it is essentially independent of the surface
circumstances. Its energy supply comes from chemical sources,
due to fluids that migrate upward from deeper levels in the
Earth. In mass and volume it may be comparable with all
surface life. Such microbial life may account for the presence
of biological molecules in all carbonaceous materials in the
outer crust, and the inference that these materials must have
derived from biological deposits accumulated at the surface is
therefore not necessarily valid. Subsurface life may be wide-
spread among the planetary bodies of our solar system, since
many of them have equally suitable conditions below, while
having totally inhospitable surfaces. One may even speculate
that such life may be widely disseminated in the universe, since
planetary type bodies with similar subsurface conditions may
be common as solitary objects in space, as well as in other
solar-type systems.

We are familiar with two domains of life on the Earth: the
surface of the land and the body of the oceans. Both domains

gasification. As liquids, gases, and solids make new contacts,
chemical processes can take place that represent, in general,
an approach to a lower chemical energy condition. Some of
the energy so liberated will increase the heating of the
locality, and this in turn will liberate more fluids there and so
accelerate the processes that release more heat. Hot regions
will become hotter, and chemical activity will be further
stimulated there. This may contribute to, or account for, the
active and hot regions in the Earth's crust that are so sharply
defined.

Where such liquids or gases stream up to higher levels into
different chemical surroundings, they will continue to repre-
sent a chemical disequilibrium and therefore a potential
energy source. There will often be circumstances where
chemical reactions with surrounding materials might be pos-
sible and would release energy, but where the temperature is
too low for the activation of the reactions. This is just the
circumstance where biology can successfully draw on chem-
ical energy. The life in the ocean vents is one example of this.
There it is bacterial life that provides the first stage in the
process of drawing on this form of chemical energy; for
example, methane and hydrogen are oxidized to CO, and
water, with oxygen available from local sulfates and metal
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A Subsurface Biosphere

log10(depth)

log10(Cells.gram.or.cells.mL)
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A Subsurface Biosphere

Deep §ubsurface
Global biomass: 546 billion tonnes of carbon  75."en fores of carbon
Terrestrial
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A Subsurface Biosphere

Deep §ubsurface
Global biomass: 546 billion tonnes of carbon  73."en tonnes of carbon

Terrestrial
<0.2% plant biomass
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A Subsurface Biosphere
b

log,,[depth (m)]

Magnabosco et al 2018 Nature Geoscience
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A Subsurface Biosphere
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A Subsurface Biosphere
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Microbial greenhouse gas release
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Microbial consumption of hydrothermal H-

offers a great opportunity to study Biosphe;
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Microbial overprint of methane in convergent margins
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THE CENTRAL AMERICAN
VOLCANIC ARC
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Rayleigh isotopic fractionation
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%0 C sequestered as calcite
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GLOBAL SUBSURFACE
CARBON FIXATION
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~2-3% of surface primary productivity
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~2-3% of surface primary productivity 1 0x volcanic flux to the surface
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~2-3% of surface primary productivity 1 0x volcanic flux to the surface

This suggest that a large fraction of the inorganic carbon
used by life in the subsurface is of geological origin
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(that is -18-135 °C, 0-12.8 pH, below boiling, 0-35
% salinity, 0-2 Gpa)
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