The Wild, Wild World of
Bacteria

Bacteria do not simply cause disease – in many ways (e.g. production of medical products and some food) they are helpful but this not the whole story. Most bacteria neither hurt nor help us – their lives do not impact on ours in any real way – this is the story of how bacteria live in their own world.

Overhead 1 (Top): Hunter and Hunted

The bacterial world is one of hunter and hunted – some bacteria are the equivalents of plants – they get their make their own food and energy from light (or from chemicals).

Others are more like animals – chasing around and attacking and consuming each other.

A good example of this is the bacterium called Vampirococcus – this bacterium swims along until it finds another bacterium. Then it burrows inside the other’s hard skin and effectively sucks out the innards of its prey. Another burrowing invader is the improbably named Bdellovibrio – this is the smallest predator bacterium known. It burrows under the skin of other bacteria and reproduces there until the other bacteria (dead by now) is full of ‘baby’ Bdellovibrio.

Overhead 1 (Bottom): Bacterial Movement

In our more arrogant moments, we believe that humanity invented the wheel and this is so, in that no animal or plant uses this device.

Some bacteria do however.

Movement is, for many organisms a vital part of life. Movement gives an organism the ability to flee its own wastes and other dangerous elements and to pursue food. Not all organisms need methods of moving themselves – some are happy to be carried along by currants and some do very well by being stuck in place in an environment where food comes to them and their wastes are carried away (e.g. the bacteria on our teeth).

So how do bacteria move?
One of the methods is by a ‘tail’. This is not the whip like tail that many people have seen in moving images of sperm swimming. Instead it is a solid construction like a corkscrew – it does not work by whipping from side-to-side but twists round like a propeller. To do this, it is mounted on a wheel mounted just inside the bacterium that turns rapidly propelling the organism along.
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Overhead 2: Bacterial Movement continued

Not only is the movement of the bacteria driven by a wheel, the wheel is driven by electrical power generated by the bacterium!

Bacteria with flagella at only the ends have a fairly simple set of movements that means, in effect, that they can go backwards or forwards. They are not simply limited to a single line of direction though – water currents can twist them to face new directions.

Bacteria with flagella at many sites on their surface (called Peritrichous bacteria) have a more complex method of direction control.

The flagellum has been likened to a propeller – when it spins anticlockwise it pushes forward and when it spins clockwise it pulls backwards (this is reversed in some bacteria).

When the flagella spin anticlockwise they all line up and it travels in a straight line. This changes when the flagella spin clockwise, at this point they are all pulling in different directions (see below) and the bacterium halts as a result – as the pull is not exactly symmetrical, the bacterium changes direction so that when the flagella start spinning anticlockwise again the bacterium is taken in a different direction. This type of running-stopping-running-a-different-way makes the bacterium seem as though it is searching frantically for something.

The sort of pattern seen to this movement is shown (see overhead)

You can see that the direction of travel is towards the blob of ‘food’ at the right hand side, but the route taken is complex. This is because when a bacterium of this type changes direction, that change is random – it is just as likely to end up heading away from the food as towards it. The difference however is that when it is heading towards food, it changes direction less often – the longer path it takes towards food compared to away means that the bacterium will eventually get to its destination.

Microbiologists call this a ‘biased random walk’.

Other methods of movement are more subtle. Some bacteria, for example can only move in one direction – a good illustration of this are certain pond dwellers that can move up or down in the water to reach light at the surface or food at the bottom as required – they cannot move sideways through the water at all. These bacteria move by way of special compartment (vesicle) within them that can be filled with gas to make them rise (much as a modern submarine works).

Another movement type is what scientists call ‘gliding’. Gliding bacteria are those that slide slug-like across a surface – when not on a surface, they have no means of movement. Little is known about how gliding occurs but it seems likely that different bacteria manage it in different ways.

Overhead 3: Bacterial Senses

Bacteria have, despite their incredibly tiny size, a wide array of senses available to them – they can sense light, chemicals, water ‘purity’, magnetic fields, electric currents, temperature and oxygen though no bacteria is known that uses all of these senses.

Chemicals are the thing that almost all bacteria sense – some may serve as food and thus be useful to the bacteria while others may be harmful and so avoided. In between are those that are neutral.

Sensing light is a fairly common ability – it is important to any bacterium that uses photosynthesis as this allows these bacteria to hunt out the light that is their energy source. It is also important to other bacteria, however as strong light can destroy some of the enzymes within bacteria and this could result in injury or death.

Water ‘purity’ is an odd concept to many – scientists call this characteristic ‘osmotic pressure’. Put simply the water inside the bacteria should be about as ‘pure’ as the water outside. If the water outside is purer, then water will rush into the bacteria potentially causing it to burst, if the reverse is true then the water inside the bacteria will be effectively sucked out. Neither of these is desirable for the bacteria, so this type of sense is very useful!

Temperature is also important – E. coli for example will seek out a temperature of 34C. All bacteria are more efficient at one temperature than others and many have a mechanism to measure temperature.

Oxygen is like a chemical in that some bacteria have an absolute need for it and to others, it is poisonous. Some can do without it but given the choice they will use it. This means that many bacteria can sense oxygen and even though it is strictly a chemical element, it appears to be detected by a different mechanism to the one that identifies other chemicals.

Remarkably, some bacteria can sense magnetic and electric fields – it is not known what purpose (if any) these senses serve and some microbiologists believe that they are ‘accidents’ resulting from other features of the design of the bacteria.

Overhead 4: Sex and Reproduction

If you know anything about bacteria then you probably know that they are all the same ‘sex’ and that they reproduce by growing in size and splitting into two smaller bacteria that repeat the process.
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This is true as far as it goes. It is not the whole story however – bacteria do have a mechanism for passing DNA to each other in a special form called a plasmid.

Plasmids are circles of DNA with some special features:

· They are reproduced when the cell divides.

· Each new cell receives at least one of the plasmids.

· They often contain useful genes

The best way to illustrate this is by an example: a fictional bacteria (Alanococcus) lives in my sink – to get rid of it, I use lots of antibiotic washing up liquid. Unfortunately, by doing this, I encourage antibiotic resistant versions of Alanococcus (and anything else in my sink – this is because of Darwin’s ‘survival of the fittest’). If the antibiotic resistance is due to a plasmid then this may be passed on to other bacterium – this will instantly give that new bacterium antibiotic resistance too.

This is basically how bacteria become antibiotic and how antibiotic resistance spreads so fast.

Overhead 5: Sex and reproduction continued
So how do the bacteria make this transfer of plasmids? 

There are several methods but the one I will detail uses a special bacterial organ called a pilus – this is a long stiff tube that is put out by the bacteria. The formation of this tube is caused by a special plasmid called the f plasmid (‘f’ for fertility).

This tube can contact other bacteria that do not have the f plasmid and when this contact is achieved, a copy of the plasmid passes from the original bacterium to the new one – this means that the new one can make a pilus too and the process can proceed further. This process takes about two minutes.

If this plasmid (or another that may travel with it) contains a gene for antibiotic resistance then the newly ‘infected’ bacterium will quickly (within hours) become resistant. Note that antibiotic resistance genes are not always passed when plasmid transfer occurs, and that resistance to one antibiotic does not necessarily mean resistance to others.

Note the 'hairy' appearance of the f+ bacterium. This is normal.

The process described above is called ‘bacterial conjugation’. It is not the only way that bacteria may pass genes to each other.

Overhead 6: Immortality and Hibernation

The idea of immortality has sparked human interest for thousands of years so it would be extremely ironic if tiny creatures we cannot even see unaided had achieved this goal. Many microbiologists think that they have – they believe that a bacterium will not die unless it is killed (by predation, starvation, environmental change or physical damage). Even the last three of these are not certain, as many bacteria have evolved survival mechanisms to allow them to withstand adverse environmental changes and starvation.

A good example of this is called an endospore – when certain types of bacteria become low on food they start to produce a special seed-like structure called an endospore. This structure is much smaller that the original bacterium and contains a copy of its DNA in a thick walled structure from which almost all of the water has been removed. When the spore reaches a food-rich location it can ‘hatch’ to form bacterium of the original type.

These spores (very different from the spores of fungi) are incredibly resistant to heat (up to 120°C) and radiation and can survive in an inactive form for almost unimaginable lengths of time. One researcher claims several thousands of years for bacteria that were grown from spores within an Egyptian tomb, while another claims over 40 million years for spores taken from the gut of an insect frozen in amber – these spores yielded live bacteria when they were put onto appropriate nutrient.

Endospores are not the only survival mechanism – though they are believed to be the most resistant. Even more complex is the mechanism used by a type of bacteria called Myxococcus.
When food for this organism becomes scarce, the tiny individual bacterium can migrate toward each other and group together to form a mound – this mound then becomes what is known as a fruiting body. This effectively means that single cells are coming together to make a multi-celled organism – some of the cells in this organism change into myxospores – a survival ‘life pod’ similar in function to the endospores but not as hardy.


Overhead 7: Summary

Some bacteria can actively swim

There are several methods for doing this including a corkscrew-like tail

Bacteria can have many senses including:

Chemicals, Light, Temperature, and Water Purity

Some bacteria can pass genes to each other: ‘Conjugation’

Bacteria may be immortal

Some have very efficient survival mechanisms: Endospores, Myxospores

Bacteria are incredible organisms, solving fantastic problems in packages far to small to be seen with the naked eye. They are not just causes of disease – most exist in their own wild world without ever directly affecting us.

(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)

(Ask for questions)
Spores are released – eventually some may land and grow into mature Myxococci





This mound then becomes a fruiting body with myxospores at its top





Individual Myxococci move towards each other and aggregate into a mound





Myxococci reproduce as normal until food grows scarce
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