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Abstract 

This document proposes a foundational theory of metabolic intelligence: the capacity of living systems 

to encode, adapt, and act upon environmental information through non-neural biochemical and 

structural processes. Metabolic intelligence is expressed not only genetically, but also through 

persistent, dynamic adaptations across cell networks and holobionts. Fungal mycelium—especially in 

long-lived symbiotic forms—offers a model for exploring this concept, as it integrates signals over space 

and time, responds with biochemical agency, and stores memory-like states through structural, 

epigenetic, and microbial associations. This theory seeks to distinguish between the short-term logic of 

genetic inheritance and the longer-term adaptive plasticity that enables metabolic learning. 

1. Core Concepts 

• Metabolic Intelligence refers to the system-level capacity of cells or networks to interpret and 

integrate environmental cues and reconfigure themselves accordingly, in ways that are stored 

and act as memory. 

• Plasticity is the ability of cells or organisms to shift their metabolic state persistently in response 

to recurring or prolonged stressors. 

• Supergenetic Information includes all non-DNA-encoded modifications: epigenetics, 

cytoplasmic content, microbial symbionts, structural memory, and induced enzyme profiles. 

2. Mycelium as a Model 

Fungal mycelium displays memory-like behaviors: 

• Signal Integration: Mycelium integrates signals from plant hosts, microbes, and soil chemistry. 

• Memory Formation: Trained mycelium displays faster responses to previously encountered 

threats or symbioses (e.g. drought, pathogens). 

• Storage: Biochemical configurations and helper microbes persist in mature networks and are 

propagated clonally. 

Spores vs. Clonal Mycelium: 

• Spores transmit genes but not experience. 

• Clonal mycelium transmits metabolic adaptations, epigenetic states, and microbial 

partnerships—this is a metabolic memory. 

3. Cryopreservation and Memory Retention 



Cloned mycelium preserved via cryogenic storage may retain these supergenetic states. This offers an 

opportunity to preserve biological intelligence not captured by DNA alone. Just as frozen neural tissue in 

C. elegans retains behavioral memory, frozen mycelium may retain biochemical biases or enzyme 

profiles reflective of its living state. 

4. Applications to Human Health 

Human disorders such as Alzheimer’s disease may be reconceptualized as failures of metabolic 

intelligence plasticity. Loss of the ability to shift or stabilize cellular metabolic states underlies 

degenerative change. This could be studied using non-neural models of metabolic learning (e.g. 

mycelium, yeast). 

This framework aligns with broader theories of distributed cognition and emergent identity—suggesting 

that consciousness and adaptive behavior may arise not from fixed structures but from recursive, plastic 

biochemical interactions distributed across time and space. The degradation of these adaptive networks, 

as in neurodegenerative disorders, could reflect breakdowns in metabolic coherence and identity 

continuity. 

5. Trees as Distributed Metabolic Minds 

Symbiotic mycelium functions as the externalized digestive and sensory appendage of trees. Far from 

passive root partners, ectomycorrhizal fungi represent the intelligent interface between trees and their 

environment: 

• They absorb nutrients. 

• They sense microbial threats. 

• They form long-term memory-like responses to recurring environmental conditions. 

• They shape the soil microbiome and modulate immune responses of the host. 

In this sense, the intelligence of the tree exists outside its body, encoded in the metabolic decisions and 

ecological interactions of its fungal partner. The slower dispersal and spatial fidelity of tubed fungi like 

Boletus may reflect an evolved strategy to preserve this ecological memory by ensuring that spores are 

more likely to land and grow within the immediate zone of an established mycorrhizal network. This 

suggests that certain species may have been evolutionarily selected not for maximizing genetic spread, 

but for maintaining local metabolic intelligence. 

This local fidelity is also reinforced by the mycobiome—the fungal community co-evolving with and 

embedded in the microbiome of the root-soil interface. These co-adapted fungal networks contribute to 

long-term symbiotic memory, shaping the resilience and metabolic responsiveness of trees to stress 

over time. 

6. Future Directions 

• Develop a framework for quantifying metabolic intelligence (e.g. via stress response time, 

adaptive enzyme levels, epigenetic markers). 

• Compare spore vs. clone behavior across generations. 



• Explore therapeutic cryopreservation of metabolic memory in symbiotic fungi, gut bacteria, or 

even stem cell lines. 

This theory provides a foundation for understanding and preserving adaptive intelligence in both 

microbial systems and human health, and supports a unified perspective in which identity and 

intelligence are continuously reassembled through dynamic biochemical plasticity rather than statically 

encoded information alone. 

7. Biocomputation and Experimental Metabolic Learning 

The Indigo Biocomputer project demonstrates how metabolic intelligence can be measured, trained, 

and even harnessed. By exposing symbiotic fungi to light in combination with signaling molecules (indole 

precursors and calcium etc.), it is possible to condition the fungi to produce visible pigment (indigo) in 

response to environmental cues—a model of Pavlovian conditioning implemented metabolically. 

This experimental system offers a real-time, quantifiable approach to studying metabolic intelligence in 

action. Through controlled exposure to stimuli, fungi can be taught to associate signals with specific 

metabolic outcomes. These behaviors are retained, modifiable, and clonally transmissible—making 

them an ideal substrate for programmable biological systems. 

Such work establishes early experimental ground for rigorous classification of metabolic memory and 

learning behaviors. Furthermore, it opens the door to a new conservation paradigm: preserving fungal 

species not only genetically but metabolically—retaining their trained states, adaptive histories, and 

biochemical intelligence. This method challenges traditional conservation biology and introduces 

metabolic state preservation as a core objective. 

In future applications, trained fungi may serve as environmental biosensors, metabolic data processors, 

or even therapeutic delivery systems—each function defined not by genome alone, but by the trained 

biochemical state of the living network. 

 


