Molecules II
Lipids
Lipids are a chemically diverse class of largely hydrophobic or amphipathic molecules that serve three central functions in biology: (i) formation of biological membranes, (ii) energy storage, and (iii) signaling and regulation. They include fatty acids, phospholipids, glycolipids, sterols, and isoprenoids. Their defining physical property is low solubility in water, which drives spontaneous self-assembly into ordered structures and underlies membrane formation, energy storage in droplets, and the compartmental organization of cells.
Amphipaths and Compartments
Amphipaths are molecules containing both hydrophilic and hydrophobic regions. This duality drives self-organization in water, producing micelles, bilayers, and vesicles through purely physical forces. These self-assembled structures generate compartments — bounded chemical environments that concentrate reactants, separate incompatible chemistries, and impose directional transport and regulation. Compartmentalization is a fundamental physical mechanism enabling biological complexity, metabolic control, and cellular life.
Metabolites
Metabolites are the small molecules that participate directly in the chemical reactions of life. They include substrates, intermediates, and products of metabolism such as sugars, amino acids, nucleotides, organic acids, and lipids. Metabolites constitute the dynamic chemical state of the cell, linking environmental chemistry to biological function through interconnected reaction networks.
Cofactors
Cofactors are non-protein chemical components required for enzyme activity. They include metal ions (e.g., Mg²⁺, Fe²⁺/³⁺, Zn²⁺) and organic molecules (e.g., NAD⁺, FAD, CoA, heme). Cofactors expand the chemical capabilities of proteins, enabling electron transfer, group transfer, redox chemistry, and catalysis that polypeptides alone cannot perform. They are molecular bridges between inorganic chemistry and biological metabolism.
