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Earth’s early environments were not the hospitable 

worlds familiar to extant organisms; the atmosphere 
was almost certainly anoxic and of unknown pressure, 
temperature and composition compared to modern 
norms. The evolution of ancient organisms both 
shaped and was shaped by drastic global environmen-
tal changes, such as the Great Oxygenation Event 
(GOE). This rapid atmospheric transition is believed to 
be broadly coincident with the diversification of cellu-
lar life on earth [1-4].  

The enzyme ribulose 1,5-bisphosphate carbox-
ylase/oxygenase (RuBisCO) catalyzes a key reaction 
of oxygenic photosynthesis. It is the primary catalyst 
of biological carbon fixation, but its carboxylase ac-
tivity is plagued by a competing oxygenation reaction 
[5-8]. Modern atmospheric oxygen levels are orders of 
magnitude greater than those of carbon dioxide, but 
this was not always the case. Thus the dual enzymatic 
activity of RuBisCO introduces an evolutionary co-
nundrum: the enzyme partially responsible for creating 
the oxygenated atmosphere is greatly hindered by oxy-
gen [7].  

The evolutionary history of RuBisCO may provide 
insight into the conditions necessary for life and habit-
ability. Across RuBisCO species different organisms 
display extremely diverse biochemical characteristics, 
but the origin of this diversity remains unknown due to 
scant geologic evidence [8-10]. Reconstruction of an-
cient RuBisCO phenotypes provides a greater under-
standing of how evolutionary changes in the protein 
were correlated with the oxygenation of the atmos-
phere. 

Ancestral sequence reconstruction of several key 
RuBisCO ancestors was performed using maximum 
likelihood phylogeny. This method utilizes protein 
sequences from extant organisms, and provides a win-
dow into the metabolic states of their ancestors. Addi-
tional evolutionary tests were performed to determine 
which sites in the enzyme were under positive selec-
tive pressure. These sites were then analyzed at the 
structural level to determine their catalytic importance. 
This analysis of key residue substitutions offers greater 
understanding of the correlation between changes at 
the molecular and environmental levels.  

Combining ancestral sequence reconstruction, evo-
lutionary analysis, and structural biochemical studies 
provides insight into how life on earth evolved with 

rapidly changing atmospheric conditions. By mapping 
these molecular changes onto the evolutionary history 
of the atmosphere, the conditions necessary for life and 
habitability may be uncovered.  
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