
 

 1 

Contaminants in Freezing Ground. Collected Proceedings of 2nd International Conference. Cambridge, England, 

2002. Part 1. pp. 49-56 

 

 

COULD MICROORGA�ISMS I� PERMAFROST HOLD THE SECRET OF IMMORTALITY?  WHAT DOES 

THIS MEA�? 

 Anatoli Brouchkov
1
 and Peter J. Williams

2
, 

 

 

Abstract 

 

For more than a century there have been reports of living organisms in permafrost, some of which 

are claimed to be millions of years old.  Interest in organisms surviving in extreme environments 

(extremophiles) has been stimulated recently by reliable evidence of bacterial growth in many 

quite different and unexpected situations. Such bacteria can have an abnormal longevity. This 

paper examines frozen ground as an environment for microorganisms and a comparison is made 

with the characteristics of those living in other extreme environments. It seems certain that some 

species of bacteria survive in permafrost for long periods of time - far in excess of their ‘normal’ 

life span. The characteristics of ‘permafrost’ bacteria are such that they present opportunities for 

biotechnical engineering of species so as to increase their effectivity in bioremediation of 

contaminated ground in cold regions.  

 

Introduction 

 

Extremophiles are organisms which live in apparently quite unsuitable environments (Horikoshi 

and Grant, 1998).  Ashcroft (1999) in her wide-ranging discussion of physiological adaptation to 

extreme circumstances, considers, in addition to human beings, organisms that live at great depths 

in Antarctic glaciers and others that live deep in the high temperatures and pressures of the Earth’s 

crust. Parkes (2000) reviews convincing cases of bacteria in diverse environments which have 

remained viable over inordinate lengths of time.  

 

Living (or at least viable) bacteria apparently occur deep in solid-frozen ground (permafrost) in the 

cold regions (see the review  by Gilichinsky and Wagener, 1995) and these appear to be living 

‘fossils’.  Apparently isolated from the world as we know it, for perhaps  millions of years,  they 

might be regarded as a threat, perhaps of past diseases or plagues which they might carry. But the 

many people who have unwittingly handled permafrost samples through the years do not seem to 

have suffered.  On the other hand such bacteria  may give clues to the very origin of life in holding 
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the secret, if not of eternal life, at least of delaying mortality.    

Fredrickson and Onstott (1996) reviewed the many questions raised by evidence of living 

microorganisms deep in the earth’s crust, notably where temperatures are high and water scarce. In 

this paper, we consider the conditions that occur tens or hundreds of metres down in the frozen 

layers of the earth - the permafrost. Rather than reexamining the individual cases reported  (a few 

of which are from a century ago) cited by Gilichinsky and Wagener, we consider present-day 

knowledge of  frozen ground and of the physiology of psychrophile (cold-loving) bacteria and  

other organisms (Morita 1975), and the implications in this respect.  For example, are living 

bacteria as old as the permafrost itself or can contamination with more recent bacteria have 

occurred? Do the bacteria reproduce in the permafrost? Where in the microstructure of frozen 

ground are the bacteria actually located? And to what extent are ‘normal’ metabolic processes 

taking place? - or are they inactive and cryopreserved?  

 

Answers to such questions are important. The survival of DNA in viable organisms over hundreds 

of thousands of years has great significance in studies of evolution (Tiedje, 2001). Perhaps the 

possibility of survival of pestilential organisms in old burial sites should not be too lightly 

dismissed. Conditions on Mars are such that the recent evidence of moist, frozen soils there, 

suggests these are the most likely, perhaps only, situation where life could exist on that planet in 

a form similar to that on Earth.  

 

Recently attention has been drawn to gas (methane) hydrates in permafrost that is spread through 

the pores and appears to be of a biogenic origin distinct from that of currently-extracted major gas 

deposits lying at greater depths (Yakushev and Chuvilin, 2000). Understanding the microbiology 

of permafrost also has more immediate practical implications, in developing bioremediation 

procedures where bacterial activity is used to overcome the harmful effects of  contamination in 

freezing ground.   

 

1. Importance of sampling techniques 

 

Techniques for sampling in permafrost for microbiological studies are not well-established. The 

requirement is for biological cleanliness and absolute avoidance of contamination while the 

sample is brought to the surface and subsequently. Proper procedures are expensive and 

time-consuming. S.S. Abysov of  Russia’s Institute of Microbiology and specialists at the St. 

Petersburg Mining Institute developed the technique for drilling ice cores without contaminating 

the samples, used at the Vostok  Station in the Antarctic since 1974. It involves taking liquid 

samples from the melting interior of the drill cores. 

 

 Because frozen soils are not always able to flow on thawing, our (AB’s) suggestion was to 

penetrate a drilled sample (1, in fig. 1) with another sterilized pipe (2, fig.1). This procedure was 

used recently (1999-2000) for investigating permafrost on the Kara Sea coast. The pipe (2, fig.1) 

was sealed with hot plastic. Samples from 3 to 4 metres depth in permafrost, at a  temperature of 

about -4°C,  were taken to the Institute of Microbiology for examination. Fig 2 shows micrographs 

of bacteria found in the samples. The viability of these bacteria has not yet been established a in 
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any case, only a few of the individuals present are likely to be viable (Fredrickson and Onstott, 

1996).  Their state of preservation is noteworthy (and typical) in that the sediments are believed to 

have been frozen for at least 10,000 years. 

 

 
 

 

Fig. 1. Diagram of device for taking sample from interior of frozen core.  

 

 
 

Fig. 2. Micrographs showing bacteria found in samples from 3 m. depth in permafrost in marine 

sediments on the Kara Sea coast . The sediments are believed to have been frozen continuously 

over at least the last 10,000 years. 

            

             2. Relationship with the unfrozen water: no way in and no way out? 

 

An important characteristic of permafrost is that some water, held  tightly by electrochemical 

forces onto the surfaces of mineral particles or under the influence of capillary forces, occurs in 

even hard-frozen permafrost (Williams and Smith 1991). The thin liquid layers provide a route for 

water flow, which is normally from the warmer to the colder parts (Derjaguin and Churaev, 1986). 

 The water may carry solutes and small particles and thus perhaps, bacteria, but its movement is 

extremely slow (Burt and Williams, 1976).   At a few degrees below °C it may thus take thousands 

of years to move a metre. A bacterium of greater size than the thickness of the water layer is likely 

to move much more slowly than the water. The microorganisms are about 0.3 to 1.4 microns in 

size, while the thickness of the water films tends to be less. One concludes that  microorganisms in 

permafrost have been isolated, certainly from the ground surface, trapped among the mineral 

particles and ice, for orders of magnitude longer than a normal lifespan and maybe millions of 

years. The longest, continuously frozen permafrost is variously estimated as between one and three 

million years old. 
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                        3. Microorganisms in permafrost: are they really living?   

 

Abyzov’s investigations at the Vostok station (Abyzov et al. 1979; Abyzov et al. 1982) revealed 

bacteria, fungi, diatoms and other microorganisms which were probably carried  to Antarctica by 

winds. The ages of these individuals could be more than half a million years. Bacteria have been 

found 3, 600 metres deep beneath the Antarctic ice sheet, just above the sub-glacial Lake Vostok. 

Organisms within the lake itself are presumably living and reproducing in the normal way, and 

may have done so since the lake was isolated.  Abyzov, however, showed the presence of viable 

bacteria in the ice which was hundreds of thousands of years old and at a depth which could not 

have been contaminated from the surface or from below in recent time.  

 

Freezing temperatures in themselves certainly do not preclude bacterial growth. Forster (1887) 

first established that bacteria grow at 0°C.  Although most microorganisms do not grow at 

temperatures below 0°C (Foter and Rahn, 1936), certain bacteria and fungi can be physiologically 

active and Friedmann (1994) notes metabolic activity in permafrost bacteria at    -20°C.  Hubbard 

et al. (1968) also reported a living bacterial population in cold Antarctic permafrost. Others 

reporting evidence concerning bacterial activity in soils below 0°C, include Flanagan and  Veum 

1974; Bunt and Lee (1970); Kalinina, Holt and McGrath (1994); and Clein and Schimel (1995).  

 

Water is the solvent for the molecules of life, and availability of water is a critical factor affecting 

the growth of all cells. But the particular water which is unfrozen in permafrost, although at less 

than 0 C and in the presence of ice, differs from ‘ordinary’ water. It has a modified energy content, 

or potential, being similar in this respect to the last water in a drying soil. It is attached to the soil 

mineral particles surfaces. Such ‘bound’ water is not available to plants which wilt when the soil 

moisture content falls below a critical amount. 

 

Many plants in cold regions have xerophytic characteristics (adapted to dry conditions) presumably 

because they are repeatedly exposed  to the frozen condition of low water content around their 

roots. The tightly held thin layer of water on the soil particles, in fact, tends to pull water to itself. 

This is also the cause of frost heave of the soil, with accumulation of  water as ‘excess’ ice 

(Williams and Smith, 1991). The cryosuction, as it is called for freezing soils, draws water out of 

plant cells (with fatal results). But some organisms, including, presumably, those in the permafrost, 

 can mount a counter attractive force so as to resist being desiccated in this way. Thus certain fungi 

are able to take in water even when this has a potential (cryosuction) of -7 Mpa (Bruehl et al., 

1972). Water with this potential freezes at a little bit short of -1°C  (Williams, 1964). We have no 

clear evidence of specific psychrophiles surviving at water potentials of -24 or -36 MPa - 

corresponding to temperatures of -2°C and -3°C respectively.  Is it possible that viable bacteria are 

restricted to frozen soils at, say, -1 C or higher?   

 

Interestingly, from a thermodynamic point of view, the potential of water is changed in an 

analogous manner by the presence of dissolved salts.  The freezing point falls below 0°C, 

increasingly so as the concentration of salts increases. The recent discovery of bacteria living in 
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salt deposits and also apparently of enormous age (Vreeland et al. 2000) raises scientific questions 

similar to those discussed in this paper. How do the halophytic bacteria resist the osmotic forces 

(similar in magnitude to the forces induced by freezing) which would be expected to extract almost 

all the water from the cells?  

 

As the temperature in a freezing soil falls to -2 or -3°C, the remaining water is in layers so thin that 

a bacterium could not be fitted in. The microorganism may be partly frozen in the ice, or perhaps 

somehow makes room for itself. Added to this problem is that the small quantities of water 

themselves become an increasingly strong osmotic solution. The concentration of dissolved salts 

in most soils is small but, since solutes are expelled from ice on freezing, the small fraction of 

liquid water remaining can assume a strong concentration (Williams, et al. 1998). Thus some 

permafrost bacteria may have even more in common with the salt deposit bacteria.  Most bacterial 

species would be killed by high salt concentrations in the water layers in the freezing soils. For 

these species there is a practical lower limit for growth at only a few degrees below 0°C. However, 

a significant amount of  permafrost is at temperatures only a degree or so below 0°C and has never 

been colder. 

 

The ability of microorganisms to live under freezing conditions depends on the presence of liquid 

water but it must also be available water. If the cell becomes dehydrated,  there is a lack of water 

for chemical reactions, the effect of the lack of water on protein structure, and shrinking of the 

plasma membrane occurs with collapse of the transport system. 

Some extracellular enzymes are active in soils at temperature of – 20°C. This activity is thought to 

occur in the unfrozen water (which at that temperature occurs in very small amounts). Yeasts and 

moulds are capable of growing at temperatures much lower than those required for bacterial 

growth. Adaptation to growth at low temperatures has been extensively studied in the Antarctic 

sea-ice, where a range of flagellates have been observed, which grow at around -2ºC. Water inside 

cells in  Mytilus edulis and Littorina rudis does not freeze at -20 C (Kanwisher, 1955). There is an 

active bacterial life in cold Antarctic saline lakes at temperature as low as -48ºC according to 

Meyer et al. (1962). 

 

 So-called organic cryoprotectors are complex mechanisms protecting cells from ice 

crystallization. Some organisms are able to live for years in a supercooled state (DeVries, 1982). 

Supercooling is a thermodynamically unstable (and temporary) state, in which the temperature has 

fallen below the freezing point without freezing occurring; it is quite distinct from the unfrozen 

water with the reduced potential described above.  When freezing of supercooled water does occur, 

rather large and disruptive ice crystals form suddenly. It seems unlikely that the water present in 

bacteria could remain in the supercooled state over such long periods of time as in the permafrost 

and any such abrupt freezing would probably be fatal.  

 

 Denaturation of protein can occur under freezing conditions. Psychrophilic bacteria are adapted to 

their cold environment by having unsaturated fatty acids in their plasma membranes. Some 

psychrophiles have been found to contain polyunsaturated fatty acids, which generally do not occur 

in prokaryotes (the group of organisms, including bacteria, which do not have a membrane around 
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the cell nucleus). Some microorganisms when frozen, may go into an anabiotic state becoming 

inactive. Human sperm are routinely frozen yet retain their viability, although it is not known for 

how long they can do so.  

 

Thus today, there is much and varied evidence in favour of the survival of  microorganisms in ice 

and frozen ground.  But are the individuals that have been found themselves of enormous age, or 

are they descendants of innumerable generations?  

 

      4. Relationship with unfrozen water: can the microorganisms grow? 

 

The adaptive responses to low temperature are poorly characterized for microorganisms. 

Metabolic activity and especially the ability of microorganisms to divide is greatly limited in the 

conditions of the environment within the permafrost. For example, the bacteria Pseudomonas grow 

about ten thousand times slower at -2°C than at 26°C, but they do still grow (Harder, Veldkamp, 

1971). It was shown that many microorganisms cease growing near 0ºC (Foter and Rahn, 1936). 

 

There are many conditions that can affect cell division (Green et al., 1989). These conditions 

include the availability of water, nutrients, salt concentration, pH, and temperature. The effects of 

these conditions are associated with enzyme function, protein stability, and plasma membrane 

integrity. 

 

In spite of evidence of their activity, it remains unclear whether the microorganisms can divide and 

grow in the frozen soil.  The single bacterial cell is trapped and not even free to move or expand 

within the unfrozen water layer. Where could its offspring possibly go? At any rate they could not 

 be produced at even a minute fraction of the rate associated with bacteria  at above-freezing 

temperatures.  

 

Probably some microorganisms divide if only because of the substantial degree of microbial         

 activity at temperatures below 0ºC. But for the most part it appears unlikely. In any case, the 

microorganisms in permafrost are on the very edge of survival, and their ability to get enough water 

for division from thin layers of unfrozen water is uncertain. Accordingly this means that some live 

(without subdivision), if not forever (since accidents could befall them), at least for extraordinarily 

long times.  

 

                                   5. Thousands of years of life? 

 

Moss remains alive yet dormant while frozen for 40,000 years in the permafrost of the Kolyma 

Lowlands of northeastern Siberia according to Gilichinsky (1994). It is also established that 

ancient microorganisms can remain viable by cryopreservation, resuming metabolic activity upon 

thawing after being frozen for tens of thousands and even millions of years. The seeds of Lupinus 

arcticus found in permafrost 15,000 years old  are able to grow (Gilichinsky, 1994), as well as 

microorganisms from Antarctic ice aged 10,000-13,000 years (Abyzov et al., 1979). According to 

Gilichinsky there are three types of life-forms found in permafrost: active ones that eke out a living 
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in thin water layers between grains of soil and ice, viable but inactive forms that are frozen in 

suspended animation, and the frozen carcasses of microbes that gave up.  

 

If  microorganisms in permafrost occur that are alive but not able to grow, what mechanism keeps 

them alive? First, protein and DNA stability must be considered. The proteins of  cells are 

frequently not stable, for example forty percent of the proteins of rat liver disintegrate during a day; 

the maximum half-disintegration period established for proteins is about 95 days; for DNA of 

mouse tissue it is about 5 days (Dean, 1978). Proteins of rat brain disintegrate in 32 days (Beattie 

et al., 1967), many other proteins and enzymes have an extremely short (in minutes) period of life. 

At the same time, studies of spontaneous thermal disintegration of some enzymes have shown that 

maximum  half-disintegration period is about 12,000 days (Segal et al., 1969). But all these times 

are orders of magnitude less than the survival times we seek to explain.  

 

Decreasing  water content inside a cell causes transfer to anabiosis, a condition in which it is 

believed (from experiments) that organisms may have no chemical and biological activity  (Hinton, 

1971; Clegg, 1973; Goldovsky, 1986). On the other hand, cell structures in anabiosis would be 

affected by temperature changes, radiation, and pressure. The cytoplasm of a cell is not completely 

frozen , very likely it is not frozen at all,  at the temperatures of -2 to -5ºC  commonly found in 

permafrost. It is hard to put in perspective that in anabiosis the cytoplasm is in a state of 

thermodynamic equilibrium. So tissue is probably slowly destroying itself even inside permafrost. 

There is also a spontaneous thermal disintegration because the temperature is far from absolute 

zero. It must also be remembered that freezing soils, themselves, are rarely in a state of 

equilibrium. Virtually always there are gradients of temperature and potential, such that there is 

usually  a very slow translocation of ice and water underway. Over a ‘geological’ time scale the 

microstructure of the materials of the permafrost and the distribution of ice goes through 

continuous modifications (Williams, 1988) because it is very close to its melting point. 

 

The molecular basis of thermal stability of biological materials is a significant, as yet unsolved, 

problem (Baker and Agard, 1994; Jaenicke et al., 1996). In general, the stability of a protein is 

defined as the free energy change, G, for the reaction folded-unfolded under physiological 

conditions. Most proteins are characterized by values of G = 5-15 kcal/mol. In terms of 

thermodynamics, the fraction of residues in random coil regions divided by the fraction of residues 

in ordered regions (k) would appear as the following: 

             

                                                   k = exp(-G/RT)                                                          (1) 

 

where G is the free energy change for the thermal transition of one residue from an ordered region 

to a random coil one,  kcal/mol; T – temperature, ºK; R – gas constant, ~0,001989, kcal/mol · ºK.  

 

Another similar expression could probably be written for an approximate estimation of time of 

existence te of proteins: 

 

                                                  te = t* · exp(G/RT)                                                   (2) 
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where t* - period of temperature fluctuations of molecules, normally about 10
-12

 – 10
-13

 sec. 

Calculations on the basis of (3) show that even for G=30 kcal/mol the time of existence of 

molecular connections is less then 300 years. Also for the period of temperature fluctuations of 

molecules 10
-8

 – 10
-9

 sec and G=20 kcal/mol the time of existence of molecular connections is less 

then one year. Maximal value of energy of activation described is about 45 kcal/mol; normally it is 

much less (Alexandrov, 1975). These calculations are very approximate and extreme, but they do 

show how unstable proteins and DNA are. Small, but specific changes of temperature, 

unpredictable influence of radiation, chemical reactions in the permafrost environment and 

unfrozen solution in the cell are certainly other processes leading to destruction of biological 

material.  

 

Thus, live microorganisms in permafrost apparently have special mechanisms of repair of cell 

structures otherwise prone to collapse because of the huge duration of their existence. In this case, 

they should have special structural and biochemical features which are different from other  

microorganisms as we know them which are characterised by a life expectancy many orders of 

magnitude less. They might have something like the smaller chromosome and two DNA rings 

found recently by specialists at the Institute for Genomic Research (Maryland, U.S.A.) inside  

Deinococcus radiodurans,  which can survive a dose of radiation 3,000 times greater than that 

needed to kill a human being. 

 

Conclusions 

 

Frozen soils contain bacteria which reproduce on the thawing of the material around them.  For 

those found at depth, among mineral particles and ice, it seems impossible that they have 

originated at the surface of the ground in recent time and then migrated down to where they were 

found. It is also difficult for these organisms to reproduce while in the permafrost - at least they 

could do so only rarely and possibly at great intervals of time.    

 

Thus, the living microorganisms in permafrost, in common with other extremophiles, apparently 

have special mechanisms of repair of cell structures, necessary for their survival. They may have 

the key to a life lasting for thousands of years.  A life, that is, which could be terminated by an 

external event, but not by internal failure of the organism. Comparison of the structure, genetic 

apparatus, and biochemical features of permafrost’s microorganisms to those of ‘normal’ 

microorganisms  as we know them, could reveal this  mechanism. 

 

Understanding these permafrost organisms and their relationship to their cold environment has 

immediate practical implications. The fact that viable bacteria occurring at significant depths in 

permafrost  can be prompted to reproduce, presents imaginative possibilities,  for example for the 

decontamination of buried contaminants.  At the very least, in applying microbiological techniques 

to the expensive problems of cold regions decontamination, we should be exploring the 

extraordinary nature of these permafrost organisms and the possibilities they present for 

application of biotechnological procedures. 
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