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Abstract

The origin of life is generally theorized to have begun
when chemical molecules spontaneously formed simple metabolic
pathways, which then combined into complex networks, leading
to the formation of primitive life forms. With autotrophic
metabolic pathways that are capable of fixing inorganic carbon
dioxide into organic compounds considered a prerequisite, the
reverse tricarboxylic acid (rTCA) cycle, which fixes carbon
dioxide, 1s hypothesized to be one of the earliest metabolic

pathways in primitive cells. However, from the perspective of



reaction free energy, the carbon fixation step from 2-
Oxoglutarate to Isocitrate 1s non-spontaneous and requires
catalysis by the enzyme isocitrate dehydrogenase (IDH). In the
rTCA cycle, IDH is a key enzyme that determines the rate of
carbon fixation, and in the present-day TCA cycle, it plays a
vital role in regulating cellular energy metabolism. In light
of this, this study investigates the enzymatic properties of
1socitrate dehydrogenase derived from the thermophilic
autotrophic bacterium Aquifex aeolicus, which thrives in
ancient Earth-like environments. The findings from this
research may contribute to our understanding of the origin of

life and the development of novel carbon fixation technologies.
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atgaataaaacaacgtttgaaaatgtttactactgggaaggaaaggcacaaatcccccag
gaagggcagtttataaagctcaaagaagataaaaccttagaagttccagacaacccgata
attcccttcatagaggegagatgggataggtcctgaaataacgcaggctatgetecttatt
atcaacacagcggttgaaaaaacttacaacggaagraagaagatttactgggtagaactc
ctcgcgeggggataaggcggaagaaaagactggagagaggcttcctcaggaaaccctggac
gttttaaaagaatcaatagtaggtataaaaggaccccteggaacgeccgtaggaaaaggt
gtcecgeteccataaactccgecctecaggageggeatttgattactactetgeggtaagacce
gtttactggatgggccaggecaactcegattccaaatectgagagggttgacctegtagtt
ttcagagaaaacaccgacgacgtctacgegggagtggagttcttitgegggaacgeccgaa
gccaaaaaggtaagagaattcctcataaaggagatggpggcaaaagaggaaggettecce
gaagatgtegggaataacggtaaagcccatgagegagttcaagacaaagagacacgtgage
aaagcactcagatacgcccttgaaaacaacaagaagaacgtegeggtaataggaaaagga
aacataatgaaggcaacggaaggggccttcataaactgggettttgaggtagcagaagag
cccgaattcaaaggaaaggtagtaacggacccggaageagageccggegaaggacaggta
aaactcacaaaagtgataaccgaccagatgcttatgeaacttgtcctcaageccgaaget
tgggacgtgataatcgectcagaacttgaacggtgactacgtttecgaccttgeagettcet
ctgataggaggtccaggatttgttccgagcggaaacataggggacggatatgecctettt
gaaagcacccacggaacagcttgggacatagecaggeaagggaatageaaatecectttece
cttacactatctggecgegatgatgettgaatacataggctggaaagaagcagectcaaaag
gtctacgacgcagtaagaagaacccttgeggaacatataggaacgeccgatatcgeaage
ggattccagaaacagggaatagaagctaaagcagtaggcacgatggagttcgeccgaagaa
atttccaagaggattgagtaa
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