
Other Worlds

We live in world that is tightly constrained: 21% oxygen, 15-30°C, atmospheric pressure and neutral acidity. These conditions can change a bit in extreme environments (e.g. a mountaintop or a hot desert) but without special precautions it is easy for humans to die outside these ranges.

Some animals and plants, of course, live under different extremes but the undoubted champions at living within ‘different worlds’ are certainly the bacteria – this lecture will show some of the amazing environments that these creatures can survive and ask if they could exist on other planets.

Overhead 1: Hot Water

If you place an egg in boiling water then it will cook within minutes – the same egg will still cook at 70°C or at 50°C but it will take longer. You yourself would cook if you spent long enough at these temperatures and so would any animal or plant known.

This makes it more astonishing that some bacteria can live comfortably under these temperatures. It is worth remembering that this is some bacteria only – most will die under high temperatures as readily as animals or plants. 

The bacteria that live under high temperatures are thermophiles (Latin for heat lovers) and they live only in water – they are not to be found in arid deserts. The ideal homes for these bacteria are in superheated water – this can be found in two places.

Hot springs such as those in many of Americas national forests, harbour a plentiful supply of bacteria living comfortably at temperatures over 80°C while hydrothermal vents deep under the ocean can reach temperatures of up to 300°C as the boiling point of water is increased due to the vast pressure – it is doubtful to say the least that bacteria can survive up to this amazing temperature but they are certainly found in the cooler waters (up to 120°C) surrounding such vents and these areas are rich in other life forms such as tubeworms which are provided with food by the bacteria.

Overhead 2: Hot Water continued
So why can they do it and we can’t?

The problems of living at such high temperatures are enormous – there is almost no oxygen in the water at such temperatures (but that’s OK, many bacteria do not need oxygen), and proteins and DNA break down rapidly while the delicate internal membrane (made of fatty acids – see below) can actually melt resulting in leakage out of the internal components.
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The thermophiles have some neat tricks to combat the last three points.

To keep their proteins from degrading:

· They replace their proteins much faster than we do

· Their proteins are optimised to work at higher temperatures – of course, this means that they work more poorly, if at all, at lower temperatures.

To keep their DNA from degrading

· It is thought that they use special proteins to hold the DNA together – this has not been proven.

To prevent their membrane from melting

        They use different types of fats, more resistant to heat

Why did we not evolve to deal with these temperatures too?

The answer is a simple but unproven one – the world was once much hotter than it is now and life has evolved for the more prevalent cool conditions. The thermophiles can be thought of as remnants of the most ancient life forms (though they are not exactly the same – they have evolved too).

Importance to us: some of the enzymes from thermophiles are vital to certain areas of science – genetic fingerprinting, for example, would be almost impossible without such enzymes.

Overhead 3: Cold Welcome

Now we have seen how bacteria adapt to extreme heat, it’s time to examine their reactions to the opposite extreme. Temperatures on earth do not fall as far as many think – the sea never falls much below 2°C but in some lakes or sea beds with an exceptionally high salt concentration, this may fall to –5°C or in extreme cases, -12°C.

The bacteria that live in these conditions are called psychrophiles (cold lovers – they die much above 20°C) and psychrotrophs, which can live at low temperatures but prefer more normal ones.

Psychrophiles is pronounced as sigh-crow-file

Psychrotroph is pronounced as sigh-crow-trowf

Why is it so hard to live in temperatures just a bit less than the 20°C that is so comfortable for us?

There are three main problems

· Our cells carry out thousands of chemical reactions vital to life – at lower temperatures these reactions slow disproportionately may have almost stopped when 10°C is reached.

· All cells have a thin, fatty acid membrane (mentioned in previous section). This is made of fats and can harden at low temperatures, preventing vital materials entering and leaving the cell.

· Cells contain a lot of water – when this freezes, ice can form and this can cause the cells to rupture.

Psychrophiles and psychrotrophs have solved the first problem in different ways. 

· Psychrophiles have evolved new enzymes that allow their vital reactions to occur at nearly normal speeds under very low temperatures – the down side of this is that these enzymes do not works at higher temperatures (possibly the reason that they die above 20°C).

· Psychrotrophs, by contrast, are happiest at temperatures above 20°C. They can tolerate low temperatures as they have methods for adapting to the cold and allowing their chemical reactions to proceed – this is not as effective a solution as the psychrophiles however – they grow at temperatures below 6°C, but only very slowly.

Overhead 4 (Top): Cold Welcome continued
The fatty acid membrane of psychrophiles is made of special fats that do not turn hard at low temperatures – unfortunately, this means that they melt more easily at higher temperatures.

Many bacterial cells actually contain a substance similar to anti-freeze. This prevents theme rupturing as temperatures descend past the freezing point of water.

Importance to us: As with thermophiles, some of the enzymes of psychrophiles are proving useful in industry – allowing low temperature reactions that would otherwise be difficult to achieve such as the sweetening of milk or the production of medically useful substances – these can be done at higher temperatures but much less efficiently. In the wild, psychrophiles are mainly to be found on the seabed – they feed upon the detritus of the world above and return useful elements to the environment. Without these organisms, much of the world’s resources would end up locked away at the bottom of the deep cold sea.

Overhead 4 (Bottom): Under Pressure

Pressure is very important to animals – if the air pressure drops too low then they may not have enough oxygen and will dies. High pressure is not much problem to air-breathers but for life underwater it can be significant. Pressure at sea level is called 1 atmosphere and is equal to about 15 pounds of pressure per square inch of surface. If we travel 10 metres underwater we would find pressure of two atmospheres, at 20 metres we would experience three atmospheres and so on – eventually we would be crushed.

Bacteria do not seem to suffer from these problems – high-pressure research is extremely difficult but normal bacteria (E. coli) that live in the human gut have been shown to survive pressures of 500 atmospheres and most bacteria from deep underwater can survive the relatively low pressures found under normal lab conditions. 

Bacteria also seem not to experience problems in low pressure – as long as the pressure is sufficient to maintain the film of water that they need to live and replicate.

Overhead 5: Strange Food

All living things are made mainly of carbon. Animals get this carbon from consuming either other animals or plants. Plants get their carbon from carbon dioxide gas in the air through a process (photosynthesis) partially enabled by sunlight.

So what about bacteria?

It is perhaps unsurprising after reading this far, that bacteria can find food different from that of both animals and plants – this does not have to be the case however. Some bacteria can use photosynthesis and some consume other bacteria (e.g. the interestingly named Vampirococcus that burrows into its prey and ‘sucks out’ the insides).

Bacteria can also employ a third tactic – they can use carbon dioxide from the air but the energy required to split this molecule for use come not from light, but from a chemical reaction. Some of these bacteria get the energy they need from chemical elements such as iron, sulphur, hydrogen, or nitrogen. These elements are all changed by these mechanisms in some way and in many cases this is useful to us.

Overhead 6: Acids and Alkalis

Most people know that acids are caustic – that is they burn us. Fewer know why this occurs.

It all has to do with hydrogen – water is made of two hydrogen atoms and one oxygen atom stuck together as above. This is why water is known as H2O.

Very rarely, one of the hydrogen molecules ‘falls off’ – this individual hydrogen, for reasons we shall not go into, is very reactive and can damage other molecules. Luckily it does not remain detached for long (fractions of a second) and soon re-attaches to form the water molecule again. An acid is something that, added to water, effectively increases the rate at which hydrogen atoms ‘fall off’ of water molecules – this in turn means there are more of the reactive hydrogen atoms in the water at once and so more damage is caused to anything in contact with them – this is why acids are corrosive.

If the above information is not easily understood, then do not worry. It is interesting background but not necessary to understand all of the following. 

What is necessary is an understanding of pH. This is the unit used for measuring acidity.

	pH 1
	pH 3
	pH 5
	pH 7
	pH 10

	Very Strong Acid
	Strong Acid
	River Water
	Neutral
	Alkali


An alkali is the opposite of an acid – it is caused by an excess of the part of the water molecule that is left when one of the hydrogen atoms ‘falls off’. Like strong acids, strong alkalis are corrosive and may dissolve living things.

So why is this important to bacteria?

It is important because there are many acidic environments and a few alkali ones on earth that bacteria live within. In fact, some of the reactions that bacteria carry out in their lives actually make their environment acidic. A good example of this is the sulphur-eating bacteria mentioned earlier. When these bacteria consume sulphur, a by-product of the reaction is sulphuric acid (a very strong acid). If the bacteria were not resistant to this then their own products would very rapidly kill them.

Overhead 7: Acids and Alkalis continued

So how do bacteria become acid resistant?

The answer lies in a clever pump system on the thin inner membrane (see figure below). The outer thick wall is very porous and identical to that of non-acid resistant bacteria (it is naturally acid resistant). It allows water and dissolved molecules free entry but the inner, fatty acid membrane can be selective as it has pumps all along its surface that specifically pump desirable things in, and undesirable things out. This means that enough of the lone hydrogen atoms can be pumped out after entry to allow the inside of the bacteria to be at a healthy pH of 6-7, even though the outside may be as low as pH1.


As with so many of the things discussed, it is emphasised that not all bacteria are capable of doing this and to differing degrees. Bacteria that survive as low as pH 1 are much less common than those surviving to pH 3.

Overhead 8: Zero Oxygen

Bacteria on earth are known that can live in extremely small amounts of oxygen – some are known that can only live where there is no oxygen at all – this gas that is so vital for most life can be dispensed with by some bacteria. They have other mechanisms that replace the functions oxygen performs for us.

Overhead 9: Can bacteria live on other planets?

Every so often someone claims to have found traces of bacterial life on Mars or on meteorites or some other such specimen. From what we have seen so far, can bacterial life exist on one of the other worlds in our solar system?

Some things that would need to be present:

1) Water – all bacteria on earth need water in which to live and replicate – even the bacteria in soil exist in a thin film of water. This means that there must be some form of atmosphere – water boils at tremendously low temperatures in a vacuum.

2) A temperature range between about -15°C and 160°C

The asteroids shall not be considered as they have no atmosphere and hence, no liquid water. Of the planets in our solar system, Pluto and Mercury (as well as the moon) can be similarly discounted.

Venus is not a good candidate as its surface temperature of 480°C would make bacteria, as we know them, impossible.

Mars has a low atmospheric pressure but this is not necessarily a problem. Its atmosphere contains some (very little) oxygen, lots of carbon dioxide and is saturated with water vapour even though there appears to be no liquid surface water. Temperatures range from –100°C to about 0°C and, in theory, it gets enough sunlight to power photosynthesis.

The gaseous planets (Jupiter, Saturn, Uranus and Neptune) are less well-known quantities. Jupiter is known to generate its own heat and the other three possibly do so – this means that even though they are far from the sun, temperatures deep within the atmosphere may reach (or even exceed) those needed for bacterial life. This deep within the atmosphere, pressures would be enormous and light (probably) non-existent. Photosynthesis would likely be impossible but fermentation may be possible as huge lightening storms are known to range the atmosphere of Jupiter and it has been suggested that these could produce simple organic molecules that could be split for the production of energy. 

All in all, what we know of bacteria gives some hope of finding similar organisms within the solar system – especially considering the fact that we may not have yet defined the limits for life of this type.

(Thank the audience, mention the handouts that can be collected on the way out and draw attention to the further reading list, bacterial names list and web site)
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Thick outer wall





Thin fatty acid membrane














Thin fatty acid membrane





Thick outer wall





Pumps











Lecture: Other Worlds

14

