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Approach

A1) based on understanding of why life does what it does
0 What is life?
0 Why does it make any gas/volatile?
0 What would it make in another (chemical) environment?
A?2) based on admitting we do not really know why life does what it
does (mostly)
d Exhaustive list

0 Start on rational identification of candidates

3 ¢ i A1,
m Bains 2013 | ‘




Biochemistry of gases

AWhy do organisms make volatile compounds (=gases...)?




Biosignature gases

AClassified on why Ilfe makes them
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Type |

AGenerated from exploitation of geochemical redox couples

Oxidant Products
Oxidant Products i S042 S0O32- or SOz, H*
NO3- NOz, H20 S04 SOs32 or SOz, H*

NOz NO, H20 SO0 .00 H*
NO N20, H:0 ]
S203- S°, H*

N20 N2, H20
S° H2S, H*

NOs NOz',Fe¥*
NOz NO, Fes* SO+~ H2S, CO.

NO N-2O, Fe3+ Oxidised Reduced

N20 N2, Fe3* Carbon Dioxide (CO>) Hydrogen (H2)
NHz /NHs*  NOz N2, H20 Formic acid (HCO:zH) Methane (CH.)

Methanol (CHsOH)
Input Molecules Photon Outputs Ethanol (C2HsOH)
hv O2
hv S

hv
hy Butyric acid (CsH7CO2zH)

Lactate (CHs.CHOH.CO:H

Acetone (CHs.CO.CHas)
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Type | prediction

O, +UV->0

“CO, Atmosphere

CO,+UV->CO+0+ 0y HO+UV->H;+0,+0H

CH, + OH/O -> CO
H,5/S0, + OH/0,/0 -> 50, -> H,50, -> H,50, AER

CO;, H, SO, j. j
, 12

CO;, CO, SO, H,S, H,50,

H,0 + UV -> H + OH ~ H, Atmosphere

OH +H; > H,0 + H
€O, +UV->CO+0
H,S +H-> S -> 58 -> S8 AER CH4/CO + OH/H -> CHO/CH,0/CH,0

€O, H,, 50, Q :
CHa, HaS

CO,, €O, CH,0, CHO, CH,0, HyS, 505,54 1y o

0, +UW->0

"N, Atmosphere

H,O + UV ->H; +H+0H; CO, +UV->CO+0 + 0,
H,S+H->5->58->58 AER
H,5/50; + OH/O,/Q -> 505 -> H,50, -> H,50, AER
CH,/CO + OH/H -> CHO/CH,0/CH,O

GLSO

CO,, CH,0, CH,0, SO,, H,50,, Sy H, O

0, H, 50,

H,0, CO,, CH,0, CH,0, SO,, H,50.,

" Earth Atmospher
800/0 Nz, 20(%) 02

O3+ H,0+UV->0H+ 0O,

CO/CH, + OH/0,/0; > CO,
H,5/50; + OH/0,/0; -> §
NO + OH/0,/0; -> NO, -> HNO,

2504 -> H;50, AER

CO, H; SO,  CO, CO CH,,
CH,4, H,S SO, H,S,
N,O, NO, NH;

0,,CO,, NH;, HNO,
HaS, SO, H,50,

Huet al 2012



Type | products on H ,-dominated worlds

. DG°
Element Reaction (ka/mol)
CO+3H,Y CsH H,0 -205.6
CQO, + 4H, -> CHy4 + 2H,0 -194.5
Carbon
CQO, +H,->CO+H,0 +11.5
CQO” + 4H, -> CH,4 + H,0 + 20H" -129.42
_ BN, +1% H, Y NHs 162.61
Nitrogen ..
BN, +%H,+H,0Y NHOH +183.8
H, + HPO,”'Y HPQ?® '+ H,0 +27.2
H, + HPO® '+ H* Y H,PG)’ + H,0 +84.3
Phosphorus YoH, + HoPOY + HY Y P + 2H,0 +52.8
Ps + 1%H , Y PH +5.4
Overall 4 H, + HPO,> '+ 2H" Y PH; + 4H,0 +169.8
SO?"+H,Y SO?"+H,0 +12.45
Sulfur SO+ 2H: +2H" Y S +3H,0 T 248.29
S+ H2 ¥ H.S 1 44.81
Overall SQ? "+ 2H" + 4H, Y H.S + 4H,0 1 280.8
ron 9§H2+Fey-+0ﬂiY Fe" + H,0 1125.8
H, + Fe®* + 20H' Y Feg + 2H,0 16.1
Manganese Mﬁ++%H2+Oﬂi>Mn”+FQO 1273.3
H, + Mn?" + 20H' ¥ Mng, + 2H,0 124.9
2H, + H4SiO, () \'% Si(s) + 4H,0 +384.5
Silicon 2H2(g) + SiOQ(S) > Si(s) + 2H,0 +382.1
Si(s) + 2H 2(q) \'% SiH, (9) +56.9
Aluminium 3H, @ t Al ,O3 (s) Y 2A|(s) +3 H,O +871.0
Copper c&++%H2? Cu +H" 119.4
Cu +%H,Y Cug+H" 157.8
HVO, +2H" + ¥%H , Y HVG + 2H,0 1113.8
, HVG' +¥%H , Y VO' + H,0 1 243.5
Vanadium .
VO +% H,Y VOH 17.5
VOH +H, VY Vg +H' +H,0 122 7

APlausible substrates
AVolatile products
A25°C temp

8CH,, H,S, H,0, NH.

Seageet al 2013a VB



Type |

AAtmospheric ABiosignature gas AFlux needed to
chemistry constantly removed maintain a

detectable gas level

AReaction chemistry ABiomass needed to
and Maintenance » maintain a -Als that reasonable??
Energy detectable gas level

9 =
m Seageet al 2013b}



Live biomass densities

/,N,+3/,H,Y NH,

Sun-like star

Active M star

Quiet M star

Thermal emission

4.0x10 *(g/m?)

8.0 x 10 °(g/m?)

9.5 x 10 °(g/m?

Transmission

1.8 x 10 "° (g/m?)

ST —

10 - 50g/m 2
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Problems

AFalse positives
0 Geochemistry has same i
chemicals to work with | mEpected
0 E.G. methane on Mars? .

NO3( H(+) Co2(g CH4  CO2aq) OH

AFalse negatives
FromKrissansefTotton et al 2016 Table 7
ON,+0O,+H, 0 =~ HNO
d abundant source gas

8 BEQ e

/_I'».fl odern Earth

Free energy

= -t \
| ——pH=0,1%02

50 100 150
Temperature (°C)

44
11 &%
KrissansefTfottonet al 2016, Amend and ShodBq values)Hoehler2004 (BEQ) | - &




Redox signature necessary

A Probl emd for |ife
ATo access large chemical space, need molecules~<,.0.58 0.9

AEnvironmental carbon in dense bodies

[H] [O]

cH, © ﬂ CH,0 ﬂ 9 co,

Reduced environment Oxidized environment

12 } _‘ ‘: @ ¢
m Bains andbeagef012 § g




Redox signature in presence of H,

Outgassing Other process

Atmospheric carbon

CO,/CO .

H,+ 10:1 CO,:CH,

CO,/ CH, .

H,+ 50:50 CO,:CH,

CO,/CH, | CO,+H,Y CH,

H,+ 1:99 CO,:CH,

AType Il signature

ACH, + H,0 + energy - [CH,O], + [H]

AMost plausibly

ACH, + H,0 + energy - [CH,O], + H,

13

S
Element Reaction (kJ?n?oI)
CO+3H,Y CiHHO -205.6
CO, + 4H, -> CH, + 2H,0 -194.5
Carbon
CO, +H, ->CO +H0 +11.5
CO® +4H, -> CH, + H,0 + 20H" -129.42
— YaNp+1%H, Y NHs 762.61
% Na+%H,+H,0Y NHOH +183.8
H, + HPO,>'Y HPQ® '+ H,0 +27.2
H, + HPO* '+ H* Y H,PQ' +H.O +84.3
Phosphorus YoH, + HPQ +H' Y Pg) + 2H,0 +52.8
Pg + 1%H , Y PH +5.4
Overall 4 H, + HPO,? '+ 2H* ¥ PH; + 4H,0 +169.8
SO T+ H,Y SO+ H,0 +12.45
Sulfur SO+ 2H: +2H" Y S +3H0 1_248.29
S +H2 Y H:S 144.81
Overall SQ2 '+ 2H" +4H, Y H,S + 4H,0 7 280.8
ron Yo H, + Fe® + OH‘“ Y Fé" +H,0 T125.8
H, + Fe?* + 20H' Y Fey + 2H,0 161
Manganese Mn** + 1/22 Ho,+ OVHi" >Mn? + H20 12733
H, + Mn?* + 20H" ¥ Mng + 2H,0 1249
2H, + HiSiOi Y Sie) + 4H,0 +384.5
Silicon 2Ha(g) + SiOze > Si(s + 2H,0 +382.1
Sis) + 2Hp) Y SiHi +56.9
Aluminium 3Hz (g + Al:0s (5 ¥ 2Alg) +3 H0 +871.0
CUW +¥%H,Y Cu +H" 119.4
Copper N o N -
Cu +%H,Y Cuyy+H i57.8
H VO, +2H* +%H , Y HVO," + 2H,0 7113.8
Vanadium HVO," +V2H g_Y VO' +H,0 12435
VO +% H, Y VOH 17.5
VOH +H, Y Vg +H" +H,0 122.7

Bains et al 2014 @'




Photon energy

AY4iCH,+H*+el > 13 ,OM¥%H, F=0.63V

} + overvoltage
15 H,0 *+el +%0, H =123V

volts for Ie transfer
H20/02

CH4/CH20

Absorption in NIR

—_—

1200
Wavelength (nm)

Bains et al 2014 |



Type Il

ARange terrestrial Type Il gases.

AAssume maximum terrestrial emission rates / gram biomass

Biomass needed to maintain detectable levels of Type lll gases in atmosphere of 1bar
H-domi nated atmosphere planet in 6ha%pita

Compound Thermal emission Transmission

Sun-like Active M- Quiet M- Active M- Quiet M-
star star star star

2800 77 0.013 ) 0.014
190 82 0.0001 260 0.00036
5.5 x 10’ 37 1.5 x 10’ 24

1.3 x 10° 9.9 x 10*

15
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Type Il

ARange of studies on terrestrial Type Ill gases.

AAssume maximum terrestrial emission rates / gram biomass

Biomass needed to maintain detectable levels of Type Ill gases in atmosphere of 1bar

H-domi nated atmosphere planet in 6ha®hita

Compound Thermal emission Transmission
Sun-like Active M- Quiet M- Active M- Quiet M-

star star star star

CHCI 2800 77 0.013 860 0.014

DMS 190 82 0.0001 260 0.00036

CS 55x10° | [23x10" ||37 1.5x10" || 24

OCS 1.3x10° || 5500 0.67 9.9x10% || 12




But ...

AWhat is collected?

¢ Bacteria
| MFungi
Plants

AWhat is known?

@ Kaiser group

M delacy et al 2014 (man)




Genetic Engineering & Biotechnology News
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- NEWS

Sniffing Out
i Azheimer's

- THELISTS

. GEM Hall of Shame

- MAGAZINE

Measuring Proteins
on a Massive Scale

. MORE GEN
Video

i Events
BioPerspectives

Leading the Way in Life Science Technologies

GEN News Highlights

Jul 27, 2016

Sniffing Out Alzheimer’s

What if it were possible to predict cognifive
decline and detect the early stages of
Alzheimer's disease (AD) based on the resulis of
an odor idenfification test? A group of New York
neuroscientists believes this is possible on the basis
of their recent discoveries. Researchers from
Columbia University Medical Center (CUMC),
New York State Psychiatric Institute, and NewYork—
Presbyterian presenied data at the Alzheimer's
Association's Infernational Conference in Toronto
from two studies that suggest the University of
Pennsylvania Smell Identification Test (UPSIT) may
offer a practical, low-cost altemative 1o other

current diagnostic tools for predicting AD.

ailelinliale

Researchers have reported that an odor identfication
test may prove useful in predicting cognitive decline
and detecting earfy-stage Alzheimers disease.

[FfiloiGetty Images]
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EGhalomethanes

Made by life

Not known to
be made by life

A There are 34 possible
halomethanes (excluding F).
are produced by Earth's life.
are not known to be produced.
Whyy?

A Why not CFCs?
ATerrestrial life rarely handles F

A2. 4Gya rarely ha




All Small Molecules project




