
The pursuit of quantum advantages in biology has focused predominantly on efficiency gains in energy and
sensing. However, a more profound, and perhaps more fundamental, advantage may lie in the realm of infor-
mation processing–the capacity of quantum phenomena to enable sophisticated biological functions that are
classically intractable or inexplicable. This essay posits that quantum effects provide an informational edge,
allowing biological systems to perform complex computations, maintain functional integrity, and achieve a
level of control that transcends classical descriptions.

Beyond the established cases of photosynthesis and magnetoreception, this informational advantage is poten-
tially evident in enzymatic catalysis. The rate enhancements exhibited by many enzymes far exceed classical
transition-state theory predictions. Quantum tunneling of protons and electrons provides a compelling ex-
planation, not merely as a faster pathway, but as a more precise one. It allows for a form of biochemical
logic where reaction specificity and rate are governed by nuclear quantum effects, enabling a controlled flow
of information through metabolic networks that would be far noisier and less efficient under purely classical
rules.

Furthermore, the brain’s enigmatic efficiency in integrating vast, disparate sensory inputs into a unified
conscious experience hints at processes beyond classical neural network computation. The Orchestrated
Objective Reduction (Orch-OR) theory, while highly speculative, provocatively suggests that quantum com-
putations in neuronal microtubules could underlie aspects of consciousness. A less contentious perspective
considers the role of quantum effects in synaptic function. The precise, calcium-triggered release of neuro-
transmitters via vesicular fusion may involve quantum tunneling, representing a fundamental bit of quantum
information processing at the synapse, potentially fine-tuning the brain’s informational throughput.

This perspective reframes the challenge of decoherence. Instead of a debilitating obstacle, it becomes the
necessary constraint that shapes biological information processing. The fleeting nature of quantum states
forces them to be exquisitely localized in space and time, making them perfect for initiating specific, decisive
biological actions–a photon absorption, a bond cleavage, a spin-state transition–before the information is
lost to the environment. The advantage is not perpetual coherence but functional, on-demand quantum
computation.

Ultimately, asserting that a complete description of biological systems requires quantum mechanics is to
argue that biology’s informational currency is quantum mechanical at its core. To validate this, we must
develop quantum information-theoretic tools to quantify non-classical correlations in biomolecular networks.
The next experimental frontier involves using quantum probes to not just detect but to interrogate and
even disrupt these proposed quantum-informational pathways in living cells, testing if biological function is
genuinely compromised when its quantum layer is perturbed.

1


