
Overhead 1: Raw Materials

Over very long time periods (thousands or millions of years), Bacteria have acted to produce many of the materials vital to modern industry. Some of these products and a few of their uses are listed below.

Sulphur: This is a vital component in the vast majority of industries and is so important that a country’s level of industrialisation is often measured by its sulphur consumption. Most of the sulphur is used in the form of sulphuric acid – this appears in very few of the final products but is usually important to the method of manufacture.

The majority of the sulphur used was laid down hundreds of millions of years ago by ‘sulphate reducing’ bacteria into sulphur ‘domes’. These same bacteria may be associated with oil production as oil is often found near sulphur. Bacteria are not the only source of sulphur, but they are responsible for the most easily accessible (and hence cheapest) supplies.

Natural Gas: This is methane, a burnable gas that produces almost no pollution and which thus has a great potential as a source of energy. It is estimated that methane exists buried in quantities that will far outlast our supplies of coal and oil – about a quarter of this has probably been made by bacteria and the rest is most likely a remnant of the formation of the solar system.

The production of methane by bacteria is relatively rapid and sewerage works can often power all their own equipment with energy to spare, from the methane generated by sewage.

Oil: It is not certain if this is actually made by bacteria, though there is evidence that this is the case. What is certain however is that the action of bacteria causes the oil to collect over shale deposits and make the huge ‘lakes’ that we harvest for our supplies.

Coal: This is directly produced by the action of bacteria. They work by degrading plant matter to form a substance high in carbon and hydrogen, but low in oxygen – this is peat and is a valuable burnable fuel in many less-developed cultures. If this peat becomes buried and is put under pressure then, over vast amounts of time it first turns into ‘brown coal’ and then into the black (bituminous) coal known so well in this country. A layer of peat about one foot thick makes a layer of coal about 1 inch thick. It is not known exactly how peat is turned into coal but it is unlikely that bacteria have anything to do with the process apart from making the peat in the first place.

Overhead 2: Genetic Engineering and Medicine

This is the process of taking genes from one organism and placing them in another. Ethical arguments aside, this can have great advantages to medical science when genes from humans are put into bacteria.

Growth Hormone is, not surprisingly, a major factor in human growth – a deficiency in this hormone (normally produced by the tiny pituitary gland in the brain) can lead to drastically stunted growth. Several decades ago the only treatment was Growth Hormone extracted from the pituitary glands of corpses. To many this may seem barbaric – it was certainly unsafe, as at least a couple of cases of nCJD (the human variant of ‘mad cow disease’) have been traced back to this cause.

The answer to the problem was found in bacteria that had been altered to carry a human gene – the gene for human Growth Factor. When the gene is placed correctly in the bacteria (not an easy task) it, and all its descendents will make Growth Factor that is identical to that made by a human – bacteria grow very fast and can make Growth Factor very quickly under the correct conditions. This means that this hormone is available, risk free, to all who may need it.

Insulin, as many people will know is a vital treatment for diabetics. In non-diabetics the hormone is made in special cells in the pancreas and its release signals the liver to absorb sugar and increases the rate of metabolism (a different hormone – glucagon – does the opposite). If the body does not make insulin then the blood-sugar level rises to a very high level with coma and death following.

Before the advent of genetic engineering, diabetics used insulin obtained from cows – now the insulin gene can be put into bacteria and they can make ‘real human’ insulin. This process is also cheaper.

Overhead 3: Probes and Sensors

Bacteria are known that can produce light – this has been put to good use by insects (e.g. the glow fly) and deep-sea fish such as the angler fish (below), which carry these bacteria in special organs. 

Some of these organs are very complex and have ‘shutters’ to allow the light to be blocked as well as lenses and other modifying functions. This relationship is good for both the bacteria (which get protection and nutrients) and the fish (which in this case gets a bright ‘lure’ to attract small fish into its mouth).

The bacteria can be useful due to several factors

Overhead 4: Probes and Sensors continued
1: The gene that makes them glow is known and it can be put into other bacteria – this makes them glow too

2: The bacteria glow most strongly when healthy – even a short drop in health (e.g. by a poison) causes a fairly serious drop in light output.

3: Different bacteria are sensitive to different poisons.

This can be used to make a sensor for pollutants and bacteria in vanishingly tiny concentrations. Quite simply, a row of tiny wells is made with each well containing a different type of bacteria made to glow by putting the correct gene in by genetic engineering. The water sample is passed over the wells – if any of them contain bacteria vulnerable to something within the water sample then light output from that well will go down or stop altogether (see next page).


By seeing which bacteria are affected, the type of poison could be worked out – this has the benefit of being very sensitive. Extremely small quantities of toxins can be detected by this method.

Overhead 5: Waste and Water

Some bacteria do not only have the capacity to test water, a few types may make it safer for us to drink as well. One way in which this may be done is by way of removing poisonous chemicals.

Almost any chemical can be broken down by bacteria into less harmful products. Bacteria are amazingly adaptable and if a chemical is put into an environment, a species of bacteria may quickly appear that is able to live there – most often by breaking down the toxin and so making it a safer place to live.

A good example of this is in a group of bacteria that break down chemicals called PCBs. These chemicals were used in dozens of industries before being banned for being highly toxic and seemingly indestructible by bacteria, fungi or other natural means. It is thought that 18,000 seal deaths in the late 1980s can be attributed to this cause.

Bacteria reproduce at an extremely fast rate and some may double population size every 20 minutes under ideal conditions (this is in the lab – it may be anything from hours to months in the wild).

What this means is that mutants occur relatively often compared to animals (e.g. humans) that do not reproduce as quickly. The human population of earth is currently 6 billion – apparently clear water may have this many bacteria in an area the size of a 1 cm cube.

Mutations are inheritable changes – this means they are passed on to offspring. Most mutations are bad or neutral and the bacteria with these mutations do not perform as well as the ‘normal ones’ and are eliminated according to Darwin’s ‘survival of the fittest’. Some mutations, however, are useful and help the bacteria in some way – these ones survive better than the ‘normal’ ones and so reproduce at their expense.

This means that if tiny amounts of a chemical are put into a population of bacteria, eventually a mutant will appear that can break down that chemical. This bacterium will have an advantage over its neighbours and so will increase rapidly in numbers.

It should be emphasised that mutation is a rare event and useful mutation is even rarer. In the case of PCBs, the chemicals are so difficult to degrade that the successful mutation only appeared in one place in the world – the contaminated Hudson River in the USA.

What the bacterium does for its own comfort may be turned to our advantage. Industrial chemicals of all natures have at one time or another found their way into the water supply and by employing bacteria to degrade these, we may make these areas safe again. The same techniques may be employed to make useable land from areas contaminated by dangerous pesticides or chemical spills. 

Another type of bacteria can degrade relatives of the CFCs (HFCs and HCFCs) that are thought to be responsible for much of the damage to the ozone layer. These varied examples give hope that whatever messes we may have made of our planet in the past, bacteria can help us clean up.

Another way in which bacteria safeguard our water is by way of bacteriocins – these are poisons released by some bacteria, which kill other types. They are similar to antibiotics but are much more specific. This means that they only kill certain types of bacteria and that they have little or no effect on animals or people.

Some researchers have found it possible to isolate bacteria that produce bacteriocins (from wells in Chile) against the bacteria most likely to cause human disease. This means that these ‘friendly’ bacteria will destroy, or greatly reduce the numbers of, the others.

Even more important is the fact that the genes responsible for bacteriocins are known  - genetically engineered bacteria could be made that would release these toxins against many (or possibly all) dangerous bacteria rather than just one or two as in the wild.

Overhead 6: Plastics

Plastics are everywhere – and in every form. Plastics have two characteristics that are problematic.

· They are traditionally derived from fossil fuel (oil) and so are theoretically in limited supply.

· Traditionally, they cannot be degraded by any known organism or bacterium and can persist in the environment for hundreds of years until broken down by sunlight.

Note the word ‘traditionally’ in both of the above. Bacteria may have the answer to both problems.

Almost all living things store energy in some form (possible exception is some viruses). Animals store fat and plants store starch – some bacteria store energy as a long molecule similar to plastic. By feeding the bacteria certain chemicals, ICI managed to get the bacteria to produce useful molecules as the basis for a new type of plastic. Unlike traditional plastics this was biodegradable (within weeks) and could be produced in virtually limitless quantities. 

The plastic was called BIOPOL and among uses it was put to was as a credit card produced by the Cooperative Bank.

Overhead 7: Global Warming

The greenhouse effect and global warming are controversial subjects within science. Scientists know that certain gases in the atmosphere hold heat better than others and if these gases increase, then we may see a temperature rise across the planet. This may seem very attractive on a dismal winter morning but would result in the melting of at least some of the polar ice caps and this in turn would lead to a rise in sea level.

As well as the vanishing coastline, warmer temperatures would alter weather systems and could result in the spread of diseases such as malaria. No agreement has been made as to the exact effects but most think that a global rise in temperature would be a bad thing.

So what can bacteria do to prevent this?

As stated earlier, a rise in certain gases is thought to be one of the factors responsible for the greenhouse effect – the main gas is carbon dioxide – pumped out in huge quantities by many industries. Many bacteria need carbon dioxide to perform photosynthesis as plants do, and one (Synechococcus) has been tested in an ingenious system as a carbon dioxide extractor. 

Basically, the bacteria are put into a transparent container and carbon dioxide is bubbled through it. The problem lies with the fact the bacteria need light – those at the top block the light from those lower down and bacteria can only thrive to a certain (shallow) depth.

In a system designed by Matsunaga and Miyachi of the Tokyo university of Agriculture and Technology, special fibre-optic cables that ‘leak’ light along their length are used to carry light from the top throughout the whole container. This means that the bacteria can flourish to a great depth. The greater bacterial population means that correspondingly larger amounts of carbon dioxide can be treated.

The main problem faced is that the bacteria used are killed by very high concentrations of carbon dioxide – it is hoped that this can be solved by genetic engineering using genes from other bacteria that can survive higher amounts of carbon dioxide.

This system has other benefits as well – one being that these bacteria can be used for vitamin production. This means that we can make the process pay for itself – a good incentive for short-sighted industries to actually use it…

Overhead : Summary

Bacteria do not just cause disease – some can contribute to our industries, medical care and ecology

Among other things:
Bacteria are responsible for our current supplies of sulphur, oil, coal and gas

Bacteria can make medical products (Hormones, antibodies and vitamins)

Bacteria can be used as sensors

Bacteria can make water safer to drink

Bacteria can eliminate chemical waste

Bacteria can produce biodegradable plastics

Bacteria can help prevent global warming

Many people may be uncomfortable about bacteria but after this, I hope you will agree that we would not want to be without them
(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)
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