[bookmark: _Toc217719727]Universal Biochemistry
[bookmark: _cd1vw8b2r6oe]Remarkably, the vast diversity of biological forms rests on a highly conserved biochemical core (1). Across the TOL, from LUCA to the present, from Bacteria to Archaea to Eukarya, the core structures, molecules, and processes of biochemistry are conserved. All cellular life contains: informational polymers with specific backbone chemistries - RNA with phosphodiester-linked ribose, DNA with phosphodiester-linked deoxyribose, and proteins with polypeptide backbones; a restricted set of biopolymer building blocks - nucleobases, ribose and deoxyribose, and L-amino acids; energy currency and cofactors - ATP, NAD⁺, FAD, and coenzyme A; the translation system - ribosomes, tRNAs, mRNAs, and the canonical genetic code; essential metals including sodium, potassium, and magnesium; and water as both solvent and ubiquitous reaction constituent (reactant and product) (2-4). Nowhere in Earth's biosphere do we find ribosomes composed of anything other than RNA and protein, ribosomes that synthesize anything other than proteins, or proteins synthesized by anything other than the condensation of amino acids (5).
[bookmark: _4lxxnoc9vlx][bookmark: _Hlk216380435]The universal biochemical core captures only part of life's chemistry. Membrane compositions across the tree of life (TOL) are highly variable; bacteria and archaea employ fundamentally distinct membrane lipids (6). Within humans, tissues and organelles display striking lipid variability (7). Glycans show extensive diversity in linkages and modifications among and within bacteria, archaea, and eukaryotes (8). The non-canonical amino acid pyrrolysine is found only in members of the archaeal order Methanosarcinales (9). Similarly, transition metal usage is not universal - some organisms lack iron (10) while others lack zinc-dependent enzymes (11).
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