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Background.

Identifying the maximum temperature at which life
can complete its life cycle is of theoretical importance
to the search for life on other worlds, and of practical
importance to understanding our own planet’s geo-
chemistry. Archaeal life is know to be able to grow a
~120°C, but no organism has been found that can grow
at a higher temperature. Our study [1] seeks to identify
a limiting maximum temperature for terrestrial life,
based on the stability of its components.

Approach

The components of life must survive in a cell long
enough to perform their function in that cell. Because
the rate of attack by water increases with temperature,
we can predict a maximum temperature above which a
terrestrial metabolite cannot survive long enough to
perform its function by analysis of the decomposition
rates of the component at different temperatures, and
comparison of those rates with the metabolite’s mini-
mum metabolic half-lives. A small number of metabo-
lites can be ‘swapped out’ for other, more stable mole-
cules, but there will be a limit to the adaptability of
metabolism to loss of its components to thermal insta-
bility; that limit is one estimate of the maximum tem-
perature for life.

We extracted decomposition rate data from pub-
lished papers, and estimated the statistical reliability of
interpolating or extrapolating across a range of temper-
atures. This approach includes the variation within and
between experiments in our estimate of the stability of
a metabolite. We then applied the rate equations to
predict when the stability of a metabolite would drop
below that required for life.

Results

The data set

To apply our method each study had to measure the
rate of decomposition at three or more temperatures.
For relevance to the interior of the cell, studies had to
be carried out at roughly neutral pH. With these cave-
ats, we identified literature sources for the decomposi-
tion rates of 63 metabolites.

Hydrolysis rates

Consistent rate equations could be found for most
of the metabolites. For the rest, either the reported data
had too much variability or there was too much incon-
sistency between studies to generate a high confidence
prediction of hydrolysis rates. The required metabolic
stability was approximated to be the metabolic half-life

of classes of compounds in rapidly growing E.coli
cells.

We found 14 compounds from the set of 63 for
which we could not confidently predict that they would
have a half-life to thermal degradation greater than
their target metabolic half-life at 420K. These ‘labile’
compounds included metabolites known to be labile to
hydrolysis such as carbamoyl phosphate, but also
compound ssuch as xylose for which the data was
inufficient to make a robust conclusion at any tempera-
ture.

Conclusion

Our study found that there is not enough data in the
published literature to draw robust conclusions con-
cerning the maximum temperature at which metabo-
lism could function. The present study is a first step,
providing an analytical framework and method. How-
ever our preliminary analysis suggests that terrestrial
biochemistry is limited to environments below ~150°C
— 180°C. Pressure is likely to have a small effect on
this temperature threshold. As core biochemistry is
believed to be common to the very earliest life, this
places limits on the environment in which life originat-
ed as well as where life can currently survive.
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