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How long can a life form survive when 
it is completely desiccated, such as 
in a desert or deep underground? 

Scientists, especially astrobiologists, are 
particularly keen to discover the extremes 
to which life can go, so that we might learn 
how it has been pervasive on our planet 
for over three-and-a-half billion years and 
whether it might even exist elsewhere.

One of the remarkable aspects of the 
microbial world is the ability of some 
organisms to lie dormant for periods that 
in many cases far exceed human lifespans. 
Inactivity allows them to ride out environ-
mental extremes such as prolonged desic-
cation or sustained lack of nutrients. Good 
conditions let them become active again 
and resume growth and reproduction.

We know of several ways that microbes 
do this. Some form spores (sometimes 
called endospores), complex structures 
that cocoon their DNA within an interior 
compartment (figure 1b). The spore is sur-
rounded by thick layers of glyco protein 
(protein with sugar side groups) on the 
outside. Within this is the spore coat, a 
multilayered shell composed of dozens of 
proteins that protects the bac terial genome 
during stress conditions. The protein-rich 
layers act as a molecular sieve, preventing 
destructive molecules from the environ-
ment reaching the interior. Beneath it is the 
peptidoglycan-containing cortex, made 
from interlinked sugars held together with 
amino acid chains. The chromosomal 
spore DNA within the core is stabilized by 
calcium dipicolinate, which can make up 
5–20% of the dry weight of the spore. It is 
also coated in small acid-soluble proteins 
(SASPs), which protect it from radiation and 
chemical damage. Best known among these 
spore-forming microbes is the organism 
Bacillus subtilis (figure 1), a denizen of soils, 
but also an inhabitant of spacecraft clean 
rooms, deserts and rocks. 

Other organisms do not form specialized 
structures, but instead dry down in their 
normal “vegetative” state. The synthesis 
of sugars such as trehalose, which protect 
biological molecules, allows them to enter 
a state in which they can survive desicca-
tion for long time periods (Garcia 2011). The 
photosynthetic microbe Chroococcidiopsis 
sp. (figure 1), a cyanobacterium that inhab-
its rocks in hot and cold deserts around the 
world, is one such organism. 

The comparative survivability of spores 
and vegetative cells over long time periods 
is not known. It has been reported that 
vegetative cells of the cyanobacterium 
Nostoc can survive in herbarium specimens 
over decades, but that samples stored for 
longer than 100 years did 
not retain viability (Shirkey 
et al. 2003). Phytoplank-
ton resting states have 
been reported to survive 
unaffected by a century of 
dormancy (Ribeiro et al. 2011). By contrast, 
bac terial spores have been reported to 
survive for half a million years (Johnson et 
al. 2007). These data suggest crucial differ-
ences in the rates and pathways of decline 
in spore-forming and vegetative cells.

How long is a long time?
Resting states allow microbes to survive 
inactive in deserts, in rocks, in the deep 
subsurface, in permafrost and potentially 
in spacecraft on other planets for a long 
time. But how long is that? Remarkably, 
although there are many one-off and 
anecdotal reports of long-term desiccation 
survival for years and even decades, there 
has never been a systematic and controlled 
study of microbe survival over periods 
exceeding human lifespans and grants – in 
other words, decadal to century time spans.

In 2003, one of us (Charles Cockell) left a 
dried Petri dish of Chroococcidiopsis sp. in a 
box at the British Antarctic Survey. In 2013, 
while rummaging through old belongings 
at the University of Edinburgh, the dish 
was recovered and the cells were found to 
have remained viable over these 10 years. 
It was impossible to do a direct determi-
nation of the percent loss of viability of 
the cells over their period of dormancy, 
because the initial innoculum was uncer-
tain. Similar attempts to resuscitate old her-
barium cyanobacterial Nostoc specimens 

have shown viable colonies after 64 years, 
yet the rate of loss of viability in the popula-
tion of the cells is unknown (Shirkey et al. 
2003). These observations motivated the 
500-Year Microbiology Experiment. 

The experiment we began in July 2014 
is designed to systematically quantify the 
way in which microbes die over century 
timescales and understand the pathways 
and the failure of specific molecules that 
lead to cell death over these timescales. It 
is enclosed within an oak box (figure 2a) 
held at the University of Edinburgh and 
the entire experiment is replicated in a 
second oak box held at the Natural History 
Museum in London, UK. Using two boxes, 
one held at a national museum, enhances 

the chances that the experi-
ment will be remembered and 
continued. Articles such as this 
contribute to a lasting record. 

The experiment contains 
two organisms, Bacillus subtilis 

and Chroococcidiopsis sp., dried down in a 
defined concentration and sealed in glass 
vials (figure 2b) with silica gel beads to 
maintain desiccation. Each time point 
consists of three separate vials. A set of 
vials is opened every two years for the first 
24 years, and then a set every 25 years for 
the next 475 years, culminating in the last 
time point, to be taken 30 June 2514. The 
experiment tests the hypothesis that both 
spore-forming and vegetative cells can sur-
vive desiccation for half a millennium. This 
experiment will yield quantitative insights 
into comparative survival of spore-forming 
and vegetative organisms and the opportu-
nity to investigate the long-term molecular 
pathways that result in cell death. 

Within each oak box, the three vials at 
each time point are replicated, one set in a 
cardboard box and one set within a lead-
lined box to reduce the background radia-
tion derived from geological substrata. 
This experiment tests the hypothesis that 
radiation from the planetary crust plays a 
role in molecular damage, leading to loss of 
cell viability over long time periods.

The experiment also seeks to address 
the question of the mathematical function 
that describes the loss of viability of cells 
over time. In figure 3, a number of possible 
models are shown. We could imagine, for 
example, that desiccation would kill a great 
deal of the initial population, leaving a core 

A 500-year experiment

Charles Cockell and colleagues 
describe an experiment that 
started in 2014 and will finish in 
2514. It will document how long 
desiccated microbes can survive, 
with implications for life in the 
planetary crust and in space.

‘‘A set of vials is opened 
every two years for the 
first 24 years, then a 
set every 25 years’’
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population of particularly hardy organisms 
that survive over long time periods (curve 
A). By contrast, we could also imagine that 
many of the organisms survive, but at some 
defined point in the future, accumulated 
DNA damage from radiation and long-
term desiccation reaches a critical threshold 
and many of them die at this point (curve 
D). Maybe the real curve is a mixture of 
these (curve E). Alternatively, perhaps, like 
radioactive half-life, it is described by some 
logarithmic function of cell decline (curve 
B) or something else entirely (curve C). 

At each time point, the vials are opened 
and the cells are plated using media recipes 
defined at the beginning of the experi-
ment, thus making comparisons useful. 
The boxes contain a canvas pouch holding 
details of how the cells were prepared and 
how the first time point for viability was 
obtained. For historical interest, the pouch 
contains photos of the laboratory and the 
team that put the experiment together. 
Articles such as this one are included to 
provide context and motivation.

As well as examining changing viability 
over time, the vials also offer the opportu-
nity to study molecular degradation path-
ways over time. Which molecules begin 
to degrade first – lipids, proteins, nucleic 
acids or sugars? Which ones degrade and 
how fast? We know, for instance, that 
covalent modification of DNA occurs when 

microorganisms are dried over decadal 
time spans (Shirkey et al. 2003). Yet we do 
not know the rate and what the intermedi-
ate chemical steps are. As analytical meth-
ods become ever more sophisticated, the 
samples will offer a possibility of systemati-
cally examining these processes. Methods 
of analysis may well improve and expand 
over time, offering further data as well as 
the central viability experiment. 

Microbe engineering 
These investigations might even drive new 
biotechnological possibilities. By gathering 
real data over century timescales on the 
molecules most prone to degradation, we 
might engineer microbes better capable of 
surviving stress for decades, with applica-
tions in drug storage, storage of microbes 
during space exploration and other fields. 

The boxes contain other small comple-
mentary experiments. Tiny pieces of quartz 
are desiccated in vials that contain cells of 
Gloeocapsa sp., a species of cyano bac terium 
that we originally isolated from rocks 
(obtained in Beer, Devon) exposed to space 
on the outside of the Inter national Space 
Station (Olsson-Francis et al. 2010). They 
were grown within the quartz as artificial 
endoliths before being desiccated. The 
rocks were then broken up to be sealed in 
vials. Other vials contain high concentra-
tions of Chroococcidiopsis sp. and Bacillus 

subtilis spores so that investigations can be 
done on large bulk concentrations of cells/
spores if need be. Given the observation 
of the viability of Chroococcidiopsis sp. left 
on dried agar plates 10 years ago, we have 
repeated this experiment by enclosing cells 
in segments of dried agar slices in tin cylin-
drical boxes for future study (figure 2b). 

The 500-Year Microbiology Experiment 
is an attempt to empirically test hypotheses 
about the longevity of microbes and their 
capacity to survive desiccation, as well as to 
understand the processes that cause them 
to die. By implementing experiments that, 
instead of conforming to human timescales 
and grant cycles, operate over periods more 
in line with microbial lifetimes, we might 
begin to unlock some of their secrets. ●

2 (a) The 500-Year Microbiology Experiment and its components. (b) Example samples. Two glass vials 
(above) and dried agar sheets (below), both containing Chroococcidiopsis sp. cells.

aUtHors
The 500-Year Microbiology Experiment is a collaboration between 
Charles Cockell, Toby Samuels, Ellen Sirks, Marisa Mayer, Indiarose 
Friswell and Natasha Nicholson at the University of Edinburgh, UK, and 
Ralf Moeller, Katja Nagler, Marina Raguse, Andrea Schröder, Thomas 
Berger and Petra Rettberg at the Institute of Aerospace Medicine, 
Radiation Biology Department, German Aerospace Center (DLR e.V.).

references
Garcia A H 2011 Journ. Biosci. 36 1–12.
Johnson S S et al. 2007 PNAS 104 14 401–14 405.
McKenney P T et al. 2013 The Bacillus subtilis endospore: assembly 
and functions of the multilayered coat Nature Rev. Microbiol. 11 33–44.
Olsson-Francis K et al. 2010 Appl. Env. Microbiol. 76 2115–2121. 
Ribeiro S et al. 2011 Nature Comm. 2 article no 311.
Shirkey B et al. 2003 Nucleic Acid Res 31 2995–3005.

1 Surviving desiccation for a long time. (a) SEM image of spores of the Gram-positive bacterium Bacillus subtilis (courtesy of Prof. Dr Manfred Rohde [HZI 
Braunschweig, Germany]; scale bar is 1 μm). (b) The structure of a typical bacterial spore. The multiple layers of the spore serve to protect the genome, which is 
housed in the partially dehydrated core (McKenney et al. 2013). (c) Chroococcidiopsis sp., an extreme desiccation-tolerant cyanobacterium (scale bar is 10 μm).

3 What mathematical function describes the 
death of desiccated microbes over long time 
periods?
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