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Sustainability in chemistry can be achieved through catalysis, in which the catalyst
commonly either lowers the activation barrier or opens up new reaction pathways with new
intermediates and reduced activation barriers in comparison to corresponding non-catalytic
processes. A more sophisticated  catalytic effect is described by the entatic state [1] or the
analogous rack-induced bonding [2] theories. In a metalloenzyme, entatic state is achieved by
protein-bound groups forming a so-called 'rack'. Rack-induced bonding occurs when the protein-
shaped active site stabilizes the products (increases driving force) or destabilizes the reactants
(lowers activation barrier). Strain stored in a rack for this energetic tuning is commonly perceived to
be of steric origins, such as quenched protein folding, distinctive conformational features, or simply
the crowdedness of side chains around a prosthetic group.

By studying the family of cofactor-independent oxidases that utilize molecular oxygen (as
green oxidant) for catalytic oxidation of flavin-like substrate molecules without the presence of any
transition metal ion or organic prosthetic group, we discovered a new manifestation of the entatic
state. The rack-induced strain can emerge solely due to electronic and electrostatic interactions from
the external chemical environment without steric strain. We strategically composed a systematic
series of neat solvents by considering properties of solvent molecules to mimic specific amino acid
side-chains that line the active site pocket of nogalamycin monoxygenase [3]. In a combined
spectroscopic and computational approach, we mapped out the chemical speciation of the substrate
dithranol/anthralin, its tautomeric forms, and partial or fully ionized states [4]. We defined a
staircase-like potential energy surface that explains how the diamagnetic, organic substrate can
spontaneously react with the paramagnetic dioxygen in specific neat solvents.

Our discovery has a direct impact on Emergence-of-Life research, particularly, the research
into reaction networks that were essential for the chemical evolution of the building blocks of life.
We propose a close consideration of the external chemical environment (solvation,
inorganic/organic templates, micelles, colloids, etc.), network of electrostatic polarization and
dispersion interactions as catalytic driving forces for achieving kinetic acceleration in the
interconversion of small, inert molecules under Hadean physicochemical conditions toward more
complex substrates with higher chemical potentials.
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