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What are we made of?

The “Big Six” elements

H,C,N,O,P,S

What are the forms of these elements in “organic” matter?
What makes a compound “organic”?

Are all organic molecules formed from biological processes?
What are early sources of organic matter on Earth?

What is “life”?

When did life begin?



CH,OH CHO CHO
C=0 HCOH CH,
HCOH HCOH HCOH
HC(‘)H HCOH H(‘jOH
CHZ‘OH CH,OH CH,OH
D-ribulose ~ D-ribose 2deoxy-D-ribose

The S C sugars




Table 9.1

Magor lon Compesition of Seawater, Showing Relationships v Total Saliniw

amed Mean Reswdenoe Tunes for the Elemenis witls Respect 1o River Wiater Inpuis

Casne cntration Concentrition Mean
m seawaler” Chlonmniny In rver waler residence time

Camstituent (mg/ kg) raten” (mg/kg) (10" vr)
e silaninm 10,7l .n5h] 515 75
Magiesim 1.294 HRITES 3.55 14
LR PRTTT 4192 ho21s 15.4 1.1
Postaassinim 309 IR 1.3 11
STrodi i 7.9 IRCLIE]! .03 12
Chlonade 140, 354) (RLEEL h7h 1)
Sulfane 2,712 UREILL 8.25 12
Bicarbonae 145 00075 H2 .10
Bromicle LT 00035 A2 (K}
Bavion 1.6 ERL LIRS | (.0 1400
Fluonide 1.3 URLELL TN 010 0.5
Wiater (0.034

*Holband (1978).

"Mevbeck (1979 and Holland ( 1978).



Table 2.1  Composition of Volcanic Gases Released from the Kudryavy and Other Volcanoes
Volcano H.O H, co, S0, HS HC HF Ny MNH, O, Ar CH, Reference
Kudrvavy, Russia 9500 056 200 1.32 041 0.53700  0.030 0.21 — 003 0002 0002 Taran et al. (19

Nevado del Boiz, Columbia 94,5940
Kamchatka, Russia TH.60

291 274 0880 0.0052 Williams et al. (|
301 487 0,03 0106 05700 0056 1187 001 001 0060 0440 Dobrovolsky (19




The Initial Condition Problem

- Was the early Earth hot or cold?
* Was there NH; in Earth’s atmosphere?

*What was the redox potential of the ocean?



The Amino Acid World

* Amino acids are stable for long periods even at relatively
high temperatures. However, the abiodic formation of amino
acids requires NH;

» NH; was not stable in the Archean atmosphere



The RNA World

 Given a supply of ribose (a major caveat), RNA can self
replicate. However, RNA stability 1s very much reduced
at high temperature.



The Redox Reaction Hypothesis

 Oxidation/reduction reactions are catalyzed by transition

metals independent of proteins.
* In a “Primordial Soup” with organic molecules, redox

reactions can mediate “metabolic pathways” without organisms



Life is Electric

 All organisms derive energy for growth and maintenance
by moving electrons from a substrate to a product.

 All substrates and products must ultimately be cycled.
 Biological processes are paired (e.g., photosynthesis and
respiration)



Redox Reactions are Couple on a
GLOBAL SCALE

Oxygenic Photosynthesis
2H,0 + CO, > (CH,0), + O,

Aerobic Respiration:

(CH,0), + O, > 2H,0 + CO,

Q. Are photosynthesis and respiration balanced on a global scale?



Redox Reactions Are Coupled On

General Reaction

A(ox) + n(e) A(red)
B(red) —n () >  B(ox)
Photosynthesis
2H,0 + light » 4H" +4e +0,

CO, +4H" + 4e > (CH,0)+H,0






Rotatiansl

H-0




Early Proterozoic Ocean
cirea 2000 Mybp

Mo




Table 8.5 Mcan Composition of Dissolved lons in River Waters of the World*

milinent HCO, SO Cl NO, Ca* Mg’ Na* K’ Fe Si0, Sum

h Amernica (i 20 8 1 21 5 9 1.4 0.16 9 142
Ao gy 18 1.9 0.7 7.2 1.5 4 2 1.4 1.9 69
w 95 24 6.9 3.7 31.1 5.6 5.4 1.7 0.8 75 182
74 54 8.7 0.7 18.4 5.6 9.3 0.01 11.7 142

43 13.5 12.1 0.8 125 3.8 11 1.3 232 121
ha 31.6 2.6 10 0,05 3.9 2.7 2.9 1.4 0.3 39 59
8.4 11.2 7.8 1 15 4.1 6.3 2.3 0.67 13.1 120

' 0.958 0.233 0.220 0.017 1.498

f 0.750 0.342 0.274 0.059 1.425

imgstone (1963): concentrations in mg/liter,
L
spuivalents of strongly ionized components.



Late Proterozoic Ocean
circa 800-500 Mybp
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