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Introduction: While there are several unifying
traits for life on Earth, life beyond the Solar System
may take different and unrecognizable forms. The need
to acquire energy to overcome internal entropy produc-
tion, however, is a universal characteristic of all living
systems. Despite the prominent role microorganisms
play in our environment and their versatility to thrive in
the harshest chemical and physical environments, mi-
crobial energetics has been a largely underutilized area
of research. Understanding microbial energetics and
the driving force of growth can provide insight into the
evolution of energetic adaptations on Earth, the ability
to quantify energy budgets for microbial growth and
cell maintenance, and facilitate evaluations of habita-
bility or analogs of life elsewhere.

Microbial growth can be modeled by macrochemi-
cal equations that describe catabolic and anabolic reac-
tions on a given substrate and not solely rely on stand-
ard states or the catabolic portion of growth [ref 1, 2
3]. This model was applied to the thermoacidophilic
sulfur-oxidizer, Acidianus ambivalens (A. ambivalens),
during growth on elemental sulfur to investigate ener-
getic needs under varying nutrient availabilities. Ener-
getics of A. ambivalens was calculated for optimal
growth conditions, designed to enhance growth but is
likely inefficient, and two different treatments of oxy-
gen limitation.

Results: In all experiments, Gibbs energy of the
overall growth reaction was primarily dissipated
through the release of enthalpy. Optimal growth condi-
tions yielded the largest cell numbers and total heat
produced, as anticipated. Enthalpy and Gibbs energy,
both in J/C-mol, were negatively correlated with bio-
mass yield, the quotient of C-mol of biomass and moles
of substrate consumed. Growth efficiency, in terms of
joules of Gibbs energy consumed per second, increased
as oxygen availability decreased.

Conclusions:  When nutrients were unlimited,
growth occurred inefficiently by producing a greater
amount of heat and lower biomass yields. In oxygen-
limited systems, growth was more efficient, which re-
sulted in a tighter coupling of energy consumption to
biomass production and lower losses of energy through
heat. With continued research investigating the ther-
modynamics of microbial growth, further constraints
can be placed on habitability and understanding the
driving force of microbial growth in extreme environ-
ments.

References:

[1] Heijnen, S. J. (1994) Trends Biotechnol., 12,
483-492.

[1] von Stockar U. and Liu J.-S. (1999) Biochim.
Biophys. Acta, 1412, 191-211.

[2] Smith J. N. and Shock E. L. (2007) Astrobiolo-
gy, 7, 891-904.

3374.pdf



