Chapter 3

Beneficial Aspects of Microbes: The Other Side of the Coin

Preview


The take-home message of this chapter is that a few microbes are pathogenic for humans, but many more are beneficial.  Bacteria were the ﬁrst life form on our planet, the ancestors to all other life.  Microbes constitute the largest component of Earth’s biomass. They are essential to our functioning biosphere and the biogeochemical cycles.  Many microbes act as decomposers or scavengers, important for recycling nutrients. The role of microbes in these cycles is so important that life could not exist without them. 


Though unaware of their existence, societies the world over learned over millennia to harness microbes for their own benefit. The production of alcoholic beverages and a variety of food products, including breads, yogurt, and cheeses, are a few examples. 

Microbes are essential for biotech research because they are easy to culture in large quantity in a short period of time. The biotech industry uses bacteria and yeast for the production of many products, including an​tibiotics, vaccines, genetically engineered medicines, and pesticides, just to name a few.  Outside of the laboratory, bioremediation, the use of microorganisms to clean up environmental pollution, is on the increase.

Microbes in the Environment

Microbes as Decomposers

An ecosystem is a population of organisms in a particular physical and chemical environment (Figure 3.1).  Animals, plants, and microbes are the biotic component of the environment, and the chemical and physical environments constitute the abiotic component.  Photosynthetic plants (and microbes) are primary producers in food chains; they use sunlight, water, and carbon dioxide to produce organic compounds (releasing oxygen in the process).  Heterotrophic consumers (microbes, insects, animals, etc.) use oxygen and water to metabolize organic matter and, in turn, release carbon dioxide.  Bacterial and fungal decomposers process the waste organic matter—recycling limited resources to keep an ecosystem cycling (Figure 3.1).
Microbes and the Biogeochemical Cycles

Bacteria are integral to the function of the biogeochemical cycles; the processes involved in the recycling of carbon, nitrogen, sulfur, iron, and phosphorus, resulting in the return of these elements to nature for reuse.

Carbon Cycle
Carbon atoms are found in all organic molecules (proteins, carbohydrates, fats, DNA, etc.).  Carbon is also in carbon dioxide, an inorganic molecule that is used (fixed) to make organic molecules during photosynthesis. Photosynthetic plants (and microbes like cyanobacteria and algae) capture the sun’s energy and use it, and water, to fix atmospheric carbon dioxide and produce glucose, an energy-rich carbohydrate.  Organic carbon is ultimately recycled back to carbon dioxide by an oxygen-requiring, energy releasing process known as respiration (Figure 3.3). In plants, much of the glucose that is made is joined together to form cellulose (a polymer of glucose).  When plants die, their carbon must be recycled, and bacteria produce enzymes that break down cellulose into individual glucose molecules.  Grazing animals (herbivores) depend upon bacteria to digest the cellulose, and, in turn, respiring predators, including humans, eat these herbivores.

Nitrogen Cycle
About 80% of the planet’s nitrogen exists as nitrogen gas (N2), it is also found in molecules important for all life (proteins and nucleic acids).  Nitrogen gas is unavailable for use by most living things and must be converted (fixed), into ammonia  (Figure 3.4).  Only bacteria are able to fix nitrogen.  Leguminous plants (peas, soy beans, etc.), have root nodules containing nitrogen-fixing bacteria, like Rhizobium (Figure 3.5).  Bacterial-driven nitrification converts ammonia into nitrates, the form of nitrogen most used by plants.   Decomposition of plants and animals also produces ammonia; denitrifying bacteria eventually return nitrogen gas back to the atmosphere.


Other Cycles
The movement of other elements, including sulfur, phosphorus, and iron, through ecosystems in a cyclical manner depends on microbial communities. 

Microbes in Food Production

Yeasts, like Saccharomyces cer​evisiae, ferment sugar, producing alcohol and carbon dioxide—a property exploited in the production of breads and alcoholic beverages (Figure 3.7a).  Fermentation is an enzymatic process, carried out by strains of yeast and bacteria that break down sugars. The end products of fermentation, such as lactic acid, carbon dioxide, and ethanol, are of no value to the microbe, but they are of considerable value in the commercial food and alcoholic beverage industries (Table 3.1 and Figure 3.6). The benefit of lactic acid and ethanol may be to in​hibit the growth of unwanted microbes, thus acting to preserve various foods (extending their useful life).

Bread Products  

Fermentation by yeasts produces carbon dioxide gas (and ethanol that evapo​rates during baking), which causes bread dough to rise and increase in size or leaven before baking. The specific microbial strain(s) referred to as the “starter” culture determines the taste and odor palate of the bread.  Starter cultures for the production of sourdough breads are a living community of microbes that must be kept alive for future use.
Dairy Products

The fermentation of milk is an ancient practice. Over a thousand varieties of cheeses exist in countries around the world (Figures 3.10 and 3.11).  Cheeses vary in texture, taste, and aroma, depending on the type of milk, incubation period, and, most importantly, the microbial starter culture used in the fermenta​tion. Bacterial species of lactobacillus and a few species of streptococci are commonly used. Lactobacillus bulgari​cus and Streptococcus thermophilus are commonly used to produce yogurt and yogurt drinks.  Various health benefits (possibly exaggerated) have been attributed to consuming live lactobacilli and other probiotics (Box 3.1).  Probiotics have been defined as, “live microorganisms which when administered in sufficient quantities may improve health.”
Wine, Beer, and Other Alcoholic Beverages


Wines and other alcoholic beverages have been imbibed for thousands of years.  Production of these beverages depends upon the fermentation of a variety of sugars and grains carried out by strains of S. cerevisiae and other yeasts.  Wine is usually made from fermented grape juice, but other types of fruit juice may be used. In the 1860s the French wine industry turned to Louis Pasteur to help solve the problem of “sick wines.”  His solution was to heat the grape juice to 50 to 60°C before adding yeast.  This process of “pas​teurization” was later  applied to milk. Pasteur’s experience with “sick wines” played a role in his later shift to studying disease in humans.


Beers are products of S. cerevisiae fermenting cereal grains, includ​ing barley (the most common), wheat, and rice.  Brandy, whiskey, rum, vodka, and gin are referred to as distilled spirits.  Their initial production resembles that of wine fermentation, but after fermentation, distillation is carried out.  Distillation yields a product with a much higher alcohol content than beer or wine.

Harnessing Microbes as Research Tools

Biologists have capitalized on the fact that microorganisms are easy and inexpensive to grow and reproduce rapidly.  As knowledge of the microbial world and techniques to manipulate microbes be​came available over the past century, experimentation with microbes increased, resulting in many of the recent advances in biology. Genetics and molecular biology, in particular, are beneﬁciaries of the use of microbes in the laboratory. Genetic engineering, also known as recombinant DNA technology, was a revolutionary byproduct of these studies.  


Recently completed, the Human Genome Project was initiated in 1990 with the mission of sequencing the entire human genome—with enor​mous potential for improving human health.  Without microbes, like E. coli, none of this would have been possible.  The Microbial Genome Program was initiated in 1994 with the goal of sequencing the genomes of medically, environmentally, and indus​trially important microbes.


Gene therapy is a new technology that arose from recombinant DNA studies.  Gene therapy is the insertion of altered DNA into a patient’s cells to treat or cure disease.   In its simplest form, a  malfunctioning gene would be replaced with a correctly functioning one.  Though there are many important problems to overcome, gene therapy has made some progress in disparate areas of health—from treating immune deficiencies to treating deafness and blindness.

Harnessing Microbes in Industry
Many products used in medicine, agriculture, and the food industry have been produced using microbes (Table 3.2).  Microbes have the following useful characteristics: can grow rapidly, may grow under a variety of conditions, can often be genetically engineered, are relatively inexpensive to work with.  Industrial composting uses microbes, worms, and insects to reclaim wasted organic matter as rich soil, reducing the need for landfills. (Figure 3.14).  Genetic engineering of microbes has spurred the growth of biotechnology and has enabled the development of new and safer vaccines, antimicrobial agents, and a variety of medicinal products. A specific example of gene cloning is recombinant human insulin, now produced by the bacterium  E. coli (Figure 3.15).  The bacterium Bacillus thuringiensis produces a protein toxin, Bt, which is selectively toxic for leaf-eating caterpillars.  Bt and other bioinsecticides, used agriculturally, have shown low toxicity for humans and are environmentally friendly.

Harnessing Microbes for Bioremediation
Bioremediation has been defined as the act of adding materials to the environ​ment, such as fertilizers or microorganisms, to increase the rate at which natural biodegradation occurs. Natural biodegradation would normally occur for many products but at a slow rate. Biodegradation can be enhanced by spraying nutrients on beaches or on other problem sites to foster the growth of the indigenous microbes to accelerate degradation of the pollutant; this process is called bioaugmentation. There are several advantages to the use of microbes to clean up the environment, including their cost-effectiveness, their self-limiting qualities (once the contaminants are depleted), and their minimal disruption of the environment.  Microbes have been used to break down oil, gasoline, diesel fuel, etc.,  into carbon dioxide and water.  Even soap-eating bacteria have been developed for reclaiming and recycling the water used in car washes.
Sewage and Wastewater Treatment

Microbes play an essential role in treating raw sewage wastewater before it is dis​charged into receiving waters. The process can be divided into three stages: pri​mary, secondary, and tertiary (Figure 3.18).  The goal is to prevent fecal pathogens from contaminating clean water.  The pri​mary stage physically separates the liquid from the solid waste.  Microbes are added to the liquid portion in the secondary tank; later the waste​water passes over and through a bed of rocks encrusted with bioﬁlms composed of bacteria, protozoans, and algae, which carry out aerobic and anaerobic fermentative degradation.  The tertiary step removes inorganic molecules that may contribute to the growth of algal blooms in the receiving water.
