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Abstract

Methanogenesis is a biologically driven anaerobic process
conducted exclusively by methanogenic archaea that results in
the formation of methane (CH.), a potent greenhouse gas and
essential component of the global carbon cycle. Occurring in anoxic
environments such as wetlands, sediments, ruminant digestive
tracts, and anaerobic digesters, methanogenesis represents the final
step in the degradation of organic matter under electron acceptor
limited conditions. This article reviews the biochemical pathways,
ecological roles, and environmental relevance of methanogenesis,
highlighting its contribution to carbon cycling and climate dynamics.
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Introduction

Methanogenesis is a specialized form of anaerobic respiration
that culminates in the production of methane (CH,4) as a metabolic
end product. Unlike aerobic respiration, which uses oxygen
as the terminal electron acceptor, methanogenesis operates in
oxygen-depleted environments where alternative electron acceptors
are absent. The process is carried out exclusively by a unique group
of microorganisms belonging to the domain Archaea, collectively
known as methanogens [1].

Methane produced by methanogenesis represents a significant
component of the Earth’s natural greenhouse gas budget. Although
its atmospheric concentration is much lower than carbon dioxide
(CO,), methane has a global warming potential roughly 28 times
higher over a 100-year period, making it critically important
for climate studies. Methanogenesis is also a central biological
mechanism in biogeochemical carbon cycling, facilitating the
terminal mineralization of organic matter in anaerobic habitats. The
process has three primary metabolic pathways — hydrogenotrophic,
aceticlastic, and methylotrophic — each involving distinct substrates
and enzymes, but all converging on the reduction of methyl-coenzyme

M to methane [2].

Methanogenesis proceeds via three major biochemical routes,
each defined by the type of substrate methanogens use:

This pathway conserves energy under strictly anaerobic
conditions and is widespread among many methanogens. Acetate
is the precursor for roughly two-thirds of methane produced in
freshwater environments like sediments and wetlands. This pathway
uses methylated compounds (such as methanol or methylamines)
as substrates. Studies indicate that methyl-based pathways can
contribute significantly to methane emissions in marine sediments
and other niches [3]. All three pathways share a core biochemical step
— the reduction of a methyl group bound to coenzyme M (CoM) —
facilitated by methyl-coenzyme M reductase (MCR), which is unique
to methanogens and essential for methane formation.

Methanogens are obligate anaerobes: they cannot survive in the
presence of oxygen. Members of the Euryarchaeota phylum dominate
classical methanogenic communities, though recent genomic studies
suggest potential methanogenesis genes in other archaeal lineages.

These archaea inhabit diverse anoxic environments — from
wetland soils (a major natural source of methane) to the rumen of
cattle and other herbivores (contributing to agricultural methane
emissions), and engineered systems such as anaerobic digesters
for biogas production. Their presence in deep subsurface coal and
hydrocarbon reservoirs further illustrates their ecological breadth.

Methanogenesis often involves syntrophic associations with
other microorganisms. In many ecosystems, fermentative bacteria
break down complex organic matter into simpler compounds like
acetate and H, that methanogens subsequently utilize, forming
tightly coupled metabolic interactions [4]. Methane produced by
methanogenesis represents a significant flux in the global carbon
cycle. In wetlands alone, microbial methanogenesis is responsible for
about 600 Tg of methane emissions annually.

Because methane is a potent greenhouse gas, understanding
methanogenesis is critical for climate change models. Anaerobic
ecosystems — including thawing permafrost, rice paddies,
and ruminant guts — are sites of intense methane production.
Anthropogenic activities that alter anaerobic conditions, such as
drainage of wetlands or intensification of agriculture, can substantially
modify methane emissions and feedbacks to climate systems.

Beyond climate, methane production has biotechnological
applications. Controlled methanogenesis underpins biogas
production a renewable energy source that captures methane for use
as fuel, reducing reliance on fossil fuels [5].

Conclusion

Methanogenesis is a biochemically unique and ecologically pivotal
anaerobic process performed exclusively by methanogenic archaea.
The three main methanogenic pathways — hydrogenotrophic,
aceticlastic, and methylotrophic — enable methane formation from
diverse substrates in anoxic environments. Methanogenesis plays a
central role in the global carbon cycle and contributes significantly
to natural and anthropogenic methane emissions, with implications

SciTechnol

U international Publisher of Science,  +
Technology and Medicine

All articles published in Journal of Traumatic Stress Disorders & Treatment are the property of SciTechnol, and is protected by
copyright laws. Copyright © 2025, SciTechnol, All Rights Reserved.



Citation: Anjali RM (2025) Methanogenesis: Microbial Process and Global Significance. J Mar Biol Oceanogr 14(2):320

for climate change. Understanding the biochemistry, microbial
ecology, and environmental drivers of methanogenesis is essential
for modeling carbon fluxes, mitigating greenhouse gas emissions,
and harnessing methane for renewable energy. Continued research
integrating genomic, physiological, and ecological perspectives will
advance our capacity to manage and utilize this ancient microbial
metabolism.
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