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A century ago a mammoth was pulled from the permafrost in the frozen wastes of Siberia. Bacteria found in the mammoth as it lay in the laboratory were assumed to have come with it. That the bacteria were alive and reproducing, though the mammoth wasn’t, led to the dubious idea that life could be preserved for many millennia in the permafrost. More recently, of course, the notion of bacteria actually surviving anywhere solidly frozen seemed most unlikely - what next, a lively little colony in our deep-frozen beef steak?


Coming back to life, would these microbes bring their knowledge of the ancient world to us? Could they be dangerous, or, in opposite, tell us their secret how to live millions of years? 


The technology for removing polluting substances from soils has developed over the last 10-15 years. Spills of oil and other toxic materials onto the ground can spread downwards, contaminating water supplies and having other dangerous consequences. The end of the cold war has prompted the growth of an industry using billions for decontamination of freezing ground, largely because of the wastes left at military bases all over the Arctic. One technique is to nurture certain bacteria, which  have the ability to break down pollutants into less noxious substances in the freezing ground..


  


�
We know now that microbes (especially bacteria) do live in frozen ground so long as it is not too cold (just a degree or two below freezing point or sometimes a little colder). They can do so because there is water, essential to life, present in small amounts along with the ice. People I work with have refined the techniques for seeing what is actually going on. Plate 1a shows the microscopic structure of a silt soil before freezing and Pl.1b shows the same material after freezing and thawing. The general particulate nature of the material is visible, and aggregations and discontinuities of the material are clearly seen, especially after the freezing and thawing. It has actually been predicted for decades that some water remains there unfrozen, because the amount of heat needed to thaw frozen soil is less than we would otherwise calculate.





The fine granular nature of soils (clay soils, for example, are particles of some 0.002 mm across) means that surfaces (or ‘interfaces’) become very important. In a gram of clay the total area of surface of particles can be as big as a football field. (If you don’t believe that, consider cutting a little centimeter cube into two: the cut face is additional surface. Now carry on until there is a million little bits).  If oneself were a water molecule on that huge area of surface there are strange electrical effects, and strange forces that emanate from the mineral, pulling or pushing you around. If there are many of you, you cannot cluster together just at the normal freezing point to form ice. In soils there is a film of water around each particle which will not be completely frozen until several and maybe many degrees below zero. It must be this water that makes it possible for bacteria to live in freezing soil.  The films of water cause the particles to stick together in groups or ‘aggregates’ which can be seen in plates 2a and 2b. Interestingly if even minute amounts of pollutants are present the shape of aggregates change according to the concentration.





It is interesting that the huge planes of the Northern Asia covered from the surface up to a few meter by a very special ground, the major feature of which is unusually high content of dust (0.05 – 0.005 mm) particles, sometimes it is only this sized soil; the origin of such so-called “cover layer” of the Siberian planes is not known; however, experiments show that such grain size could be formed by many cycles of freezing and thawing. �
The amazing thing is, samples taken from deep down in the permafrost also contain bacteria and when these are brought into the laboratory the bacteria reproduce. In weeks or months large colonies are seen in the Petri dishes. There seems no possibility for bacteria to enter the permafrost and travel in their normal short lifespan deep into the permafrost: there are no ways of suitable size. In other words we are back where we were with the dead mammoth. Bacteria apparently survive an inordinately long time in permafrost. After years of controversy the esteemed journal Nature put its weight behind that conclusion, with an article October 19, 2001 (Vol. 407). The article actually centres on a bacterium thought to have survived alone, in a salt crystal, for 250 million years. Relatively speaking, the ones in the permafrost appear less challenged. When warmed up these bacteria can be alive and well. But the bacteria cannot die and reproduce much when they are in the permafrost. There is no room.





 Recently in Moscow I met with Russian researchers whose work leads the field. One showed me a little green moss plant: ‘Have a look, it hasn’t been seen for 40,000 years.’ Another Russian friend works presently in Japan. Japanese medical researchers are intrigued by the notion of organisms which seem to lack the ability to die like the rest of us. I meet him in Ottawa now and again. Last summer he sent an e-mail. It turned out he was leaving Ottawa the day I arrived. We had tea at the airport. “Peter, this summer it worked. I got lots of samples of old permafrost in Siberia with plenty of bacteria that are reproducing” “Well, that’s good, isn’t it?”. “I’m not sure” he said  “in one of the dishes I thought I saw something move”.  





We decided that whatever it was, we did not want to be the famous ‘cold fusion pair’ of permafrost, as it were, announcing the discovery of creepy crawlies coming to life after half a million years (Jurassic Park in miniature) - only to find later the whole thing was an embarassing mistake.





Three months later Anatoli was on the phone - “... just in Ottawa for a few days, and I want to give you a CD”. He and his associates had been examining the Petri dishes of the colonies of ancient bacteria and recording them. My wife and I played the CD at home.


It showed a table top, occasionally disembodied bits of hands and of blue-jeaned  Japanese legs, and jerky close ups of Petri dishes with round colonies of bacteria. His voice droned on: “yes, this one came from permafrost frozen a long time, very old;  you see...”  The next was more branching or spikey so it was a different kind,  and so on, and on. Dish number seven was opened - “this sample has been frozen a million years, maybe...LOOK LOOK, you see, see” ...then Japanese-accented high-pitched voices  “oh oh... see that”,   “Is it growing?...”, “I don’t know, I don’t know”....., “It might be dangerous”.





We replayed the CD and peering hard could just see a  moving white spot. A little pause, then more pictures came, just close- ups of the colonies in the dish, no sound. Suddenly there was a moving white spot in the field of view and equally clear was a smaller one chasing it, about 20 body lengths behind, where-ever it went.  





Eventually it was captured, Anatoli has told me,  and Japanese entomologists have identified it as an insect that lives in rotting wood - in Japan and almost all around the world. The permafrost sample had contained rotting wood (if no mammoth) but only after DNA investigation it may be possible to say whether the tiny insect is a current one that somehow got to the sample. American geneticists have traced the evolution of bacteria by comparing the DNA of current and revived million year-old ones from permafrost. But the problem has always been that one has to be absolutely certain that a sample taken from the long-buried permafrost has not become exposed on its way to the Petri dish. 





�
So what was Anatoli to do - to keep absolutely quiet about what a number of people have seen, for fear of the publicity it might get in the newspapers?  To try to publish an account in a specialised scientific journal was out of the question - specialists well know that lack of totally sterile field sampling and sterile laboratory conditions result in bacterial contamination (just as in the poor old mammoth). Why should Anatoli even try to prove the unprovable - that the precautions now taken in this work guarantee no contamination by tiny bugs of any kind?  It was not before DNA techniques were applied that the confident article of  ‘Nature’, October 2001, could be written. The moving white bugs are now with the DNA specialists.





The mysterious story about the bugs has been continued a few weeks ago: a new E-mail came from microbiology laboratory in covered by snow winter Sapporo. The bacteria from frozen wood aged about 3 millions years old has been identified using  piece of DNA known to specialists as 16S rDNA. Its closest relative is – nobody is going to believe this – the Bacillus anthracis, one of the most dangerous bacteria in the world. However, this organism is also known as producing the most resistant and long-living spores already reported to stay viable for tens of years. Does it mean the bacteria can survive millions of years? Lets wait the story be continued… 





There really is bacterial life in frozen soil - this is hardly news to the specialist but is always exciting to others. There is also no doubt we can now manipulate the bacteria that live in the extraordinary constrained micro-environment of the freezing soil. Micro-farming of these bugs will be rewarding with the development of new strains with markedly improved pollutant-digesting abilities. The Proceedings of two international conferences held at Fitzwilliam College,  in 1997 and 2000, organised by the Scott Polar Research Institute with Carleton University in Ottawa, have reported the developments (and Plate 2a was the cover picture of the first volume). The third conference held in Hobart, Australia, last year, includes in its forthcoming proceedings even more sophisticated studies.





�
In the United Kingdom a brisk few weeks of frost is thought cleansing for the soil. We should regard the layer of winter-frozen soil as quite special: a micro-world that we have only recently peered into, with specially-adapted organisms that may, or may not, be beneficial to us. Contaminants commonly arrive first on the surface of the soil so that we have to be concerned what happens to them when the surface layer freezes. Even though the ground may only be frozen for some weeks, the first ten to twenty centimetres are greatly changed by the freezing processes. But sterile they are not and other important questions arise about the overwintering of organisms, for example those responsible for plant and animal diseases.





That is how our studies of the polar and other really cold parts of the Earth come to have 


 importance for the United Kingdom. An importance that the UK Landfill Agency has decided warrants the grant they have recently made for us to examine the world’s literature on the topics and to provide, free of charge, copies of the scientific proceedings of our recent international conference on Contaminants in Freezing Ground, to UK researchers and others interested. As for your frozen filet mignon, it probably does have a healthy dose of viable bacteria. Don’t keep it too long in the freezer. Frozen food specialists can tell you more.





Peter J. Williams. (Professor Williams is a Senior Associate, Scott Polar Research Institute and Chairman, International Committee for Conferences on Contaminants in Freezing Ground. 











