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THE MAIN THEMES OF MICROBIOLOGY THE SCOPE OF MICROBIOLOGY Microbiology is the study of microorganisms which are too small to be seen with unaided eyes and have to be visualized with a microscope. Microorganisms include bacteria, viruses, fungi, protozoa, algae and helminths (Fig. 1.2, p. 3). The study of bacteria is known as bacteriology, of viruses as virology, of fungi as mycology, of protozoa as protozoology, of algae as phycology or algology, and of helminth worms as helmintology. The fields of microbial study may be on their morphology, physiology, taxonomy, genetics and ecology (Table 1.1, p. 4). The practical fields of microbiology include: Immunology: This is a study of the body defenses against infections. This field also includes serology which is the study of antigen and antibody reaction in a specimen of blood, and allergy which is the study of hypersensitivity to allergens. Public health microbiology and epidemiology: Public health microbiology studies the spread and the control of microorganisms that cause diseases in communities. Epidemiology is the study of the factors that affect the occurrence and the spread of diseases in a community. Food microbiology, dairy microbiology and aquatic microbiology study the roles of microbes in food and water. Agricultural microbiology: It studies the microorganisms that affect crops. Biotechnology: It studies the use of microbial metabolism to produce biological products, and the use of microbes in gene therapy. Industrial microbiology: It studies the use of microbes to produce large quantities of industrial products such as beer, vitamins, amino acids, drugs and enzymes. Genetic engineering and recombinant DNA technology: They involve the use of techniques to alter the genetic makeup of microorganisms to mass produce biological products such as human hormones, interferon, insulin and other biologicals. These fields are interrelated. Microbiologists, though quite specialized in each field, have to be well versed in all these fields. INFECTIOUS DISEASES AND THE HUMAN CONDITION According to the World Health Organization (WHO), there are more than 17 million people die each year from infectious diseases (Fig. 1.3 and 1.4, p. 5). There are also emerging diseases such as cryptosporidiosis (caused by a protozoan), Lyme disease (caused by a spirochete), and Ebola (caused by a virus). Even the century-old diseases such as tuberculosis, measles, and syphilis have made a comeback. To make situation more complicated, a number of patients suffering from cancer and AIDS are kept alive for an extended period of time in which they are vulnerable to infections.
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THE GENERAL CHARACTERISTICS OF MICROORGANISMS CELLULAR ORGANIZATION Based on cellular complexity, two types of cells are recognized. Procaryotic cells do not have a true nucleus (i.e. they do not possess a nuclear membrane) and other organelles such as mitochondria and Golgi apparatus. On the other hand, the much larger eucaryotic cells possess a true nucleus and cellular organelles. A NOTE ON VIRUSES Viruses are submicroscopic and filterable. They contain either DNA or RNA, but never both. They have no organelles and no enzyme systems. They are obligate parasites. MICROBIAL DIMENSIONS: HOW SMALL IS SMALL? Most pathogenic bacteria measure from 0.2 p.m to 12 p.m in diameter, and 0.4 p.m to 14 gm in length. Some bacteria measure 0.5 p.m to 2 gm in diameter with a length of over 100 gm. The smallest viruses measure about 20 nm, and protozoans measure 3 to 4 mm. One micrometer (µm) is equal to 0.000001 meter, and one nanometer (nm) is equal to 0.000000001 meter (Fig. 1.6, p. 9). LIFE-STYLES OF MICROORGANISMS The majority of microorganisms are free living, feeding on the dead organic substances or on inorganic substances. Some are parasites which feed on living hosts. They cause damage to their hosts through infection and disease. A few microorganisms are able to feed on both the living and non-living matter. THE HISTORICAL FOUNDATIONS OF MICROBIOLOGY The current knowledge on microorganisms is the accumulation of discoveries made over 300 years of studies by men and women who spent long hours in dimly lit laboratories with the crudest tools available to them at the time. Table 1.2 (p. 10) summarizes some of the pivotal events in microbiology. THE DEVELOPMENT OF THE MICROSCOPE: "SEEING IS BELIEVING" Antony (also called Anton or Antonj) van Leeuwenhoek (1632-1723), a well-to-do Dutch merchant and naturalist, first discovered microorganisms in 1675 with a microscope assembled by him (Fig. 1.7 & 1.8, p. 14). He used his primitive microscope to observe many specimens, and found many minute moving animals which he called animalcules (little animals) He made more than 250 microscopes. The most powerful one can magnify an object 200 to 300 times. Between 1673 and 1722, he recorded his observations in more than 300 letters which were sent to the British Royal Society. His letters alerted the world to the existence of microorganisms and gave rise to the birth of microbiology. He is honored as the father of bacteriology and protozoology. After the discovery of animalcules by Leeuwenhoek, there were heated arguments over the origin of these animalcules. One school of thought believed that they came into being as a result of decomposition (through fermentation or putrefaction) of plant or animal tissue. This is the concept of spontaneous generation which believes that life originated from non-living matter
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spontaneously. An alternative concept is called biogenesis which believed that living things arose from pre-existing cells. Biogenesis versus spontaneous generation: The belief of spontaneous generation dates back to ancient Greeks who believed that frogs and worms arose spontaneously from the mud of ponds and streams. Others believed that maggots and flies came from decaying meat. Even Aristotle, the great Greek philosopher and the founder of spontaneous generation (proposed in 346 B.C.), believed that plant in the wood could give rise to deer. There were even recipes for mice. By the 17th century, Francesco Redi (1626-1697), an Italian naturalist and physician, proposed the biogenesis theory. In 1668, he conducted an experiment to prove that maggots and flies did not arise spontaneously from rotten meat (p. 13). Disproof of spontaneous generation: In 1745, John Turberville Needham (1713-1781), an advocate of spontaneous generation, boiled seed infusions and mutton gravy in flasks which were then sealed. He was able to see microorganisms some days later in the infusions. His infusions were obviously contaminated with microorganisms from the air. In 1769, Lazzaro Spallanzani (1729-1799) conducted experiments to disprove spontaneous generation. He proved that no microorganisms could arise in the sealed flasks containing boiled infusions of various kinds of seeds. But his experiments were refuted by his opponents who argued that no living things could survive in such a sealed (anaerobic) condition. His experiments were inconclusive as Antoine-Laurent Lavoisier demonstrated in 1775 that oxygen (discovered by Joseph Priestley) was essential to life. In 1836, Franz Schulze demonstrated that no microorganisms could arise in meat broth when air was allowed to pass through solutions of sulfuric acid and sodium hydroxide before entering the broth. The following year, Shultze and Theodor Schwann (1810-1882) showed that microorganisms did not appear in the flask containing infusion through which heated (sterile) air was passed ( p. 13). The opponents argued that treated air could not support life. In 1854, Heinrich Georg Friedrich Schroder and Theodor von Dusch demonstrated that no life arose in medium with filtered air (p. 13). The controversy was not settled as the experiment by Felix Pouchet (1800-1872), a French naturalist, gave the spontaneous generation theory new life. He showed that microbial growth could occur without air contamination. Proof of Biogenesis: In 1861, Louis Pasteur (1822-1895) proved that no microorganisms arose in beef broth in swanneck flask ( p. 13). The final blow of spontaneous generation theory was delivered by John Tyndall in 1877. He showed that sterile medium exposed to dust-free air in a culture chamber did not give rise to microorganisms. He also introduced the sterilization technique known as tyndallization or fractional sterilization in which sterilization of medium is achieved by subjecting it to free flowing steam for 30 minutes on three successive days with incubation periods in between. The resistant spores germinate to become vegetative cells during the incubation periods. The vegetative cells are susceptible to heat. THE RISE OF THE SCIENTIFIC METHOD The general approach taken by scientists to explain a certain natural phenomenon is called the scientific method. The aim, of scientific method is to formulate hypothesis which can be proved
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or disproved by systematic observation or experimentation. A hypothesis is derived by two types of reasoning: induction and deduction. The inductive approach draws conclusion from specific cases and applies it to general. For example, if you taste a few sour grapes, then you conclude that all grapes are sour. The deductive approach draws conclusion from general and applies it to specific cases. For example, if you see all birds can fly because they have wings, then you will conclude that an ostrich also has wings so it can also fly. In conducting an experiment, after a hypothesis has been put forward, a test which includes a test group and a control group must be set up. One variable factor is left out in the control group. Daily observation is made on both groups, and data are collected from the observation. The data are then statistically analyzed. A conclusion is then made as to whether the hypothesis can be accepted or rejected. If the deviation between the observed and the expected values in the test group and the control group is not significant, it is then concluded that there is no reason to doubt the hypothesis. Based on the evidence, the hypothesis can be accepted. On the other hand, if there is a significant difference, it is then concluded that there is reason to doubt the hypothesis. So, the hypothesis is rejected. Hypothesis can be modified and further tests can be conducted. If a hypothesis has been proven by repeated tests, it then becomes a theory. If the evidence of the accuracy and predictability of a theory is so compelling, then the theory becomes a law or principle (Fig. 1.9, p. 15). THE DEVELOPMENT OF MEDICAL MICROBIOLOGY The development of medical microbiology began in the mid- to latter half of 19th century with the introduction of the germ theory of disease, and the introduction of sterile and pure culture techniques. The Discovery of Spores and Sterilization: John Tyndall, an English physicist, demonstrated that heated broths would not spoil if kept in dust-free chambers. Ferdinand Cohn, a German botanist, discovered the presence of heat-resistant bacterial endospores. This led to the introduction of sterile technique which eliminates all forms of life, including spores. The Development of Aseptic Techniques: In 1843, Oliver Wendell Holmes (1809-1894), an American physician, proposed that contaminated hands were responsible for the spread of puerperal fever (childbed fever). In 1846, Ignaz Philipp Semmelweis (1818-1865), a Hungarian physician, proved that disinfection of obstetricians' hands with chlorine solutions could prevent the spread of the disease. In 1865, Joseph Lister (1827-1912), an English surgeon, first introduced the aseptic techniques by using carbolic acid (phenol) to prevent surgical infections. He is known as the father of antiseptic surgery. The Discovery of Pathogens and the Germ Theory of Disease: In 1546, Girolamo Fracastoro (1483-1553) proposed that infectious diseases were caused by germs. Casmir Joseph Davaine (1812-1882) discovered anthrax bacillus in 1850. He was one of the first who proved the germ theory of disease. Robert Koch demonstrated that anthrax was caused by Bacillus anthracis in 1876. His result was confirmed by Pasteur and Jules Joubert. In 1796, Edward Jenner (1749-1823), an English physician, immunized a 8-year boy James Phipps with cowpox (vaccinia), and later challenged him with smallpox. He found that the boy became immune to smallpox. In 1853 to 1854, John Snow, a London physician, demonstrated that cholera was transmitted through contaminated water supply.
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Louis Pasteur (1822-1895) and Robert Koch started the era of modern bacteriology. The contributions by Louis Pasteur are as follows: 1. disproved spontaneous generation theory. 2. introduced pasteurization method to destroy microbes in dairy products and wine. 3. contributed to the establishment of the germ theory of disease. 4. developed the vaccines against chicken cholera, anthrax and rabies. 5. discovered the causative agent (a protozoan) of silkworm diseases (pebrine disease) and devised a method to control it. 6. conducted experiments to prove that fermentation was caused by microorganisms. 7. discovered that microorganisms could be divided into aerobes and anaerobes. On July 6, 1885, a 9-year old boy named Joseph Meister was bitten by a rabid wolf 60 hours ago. He was brought to Louis Pasteur who had developed rabies vaccine. Pasteur was not a physician. He was persuaded by the boy's family to vaccinate the boy. The boy survived. When the boy grew up, he got a job and became a gate keeper at Pasteur Institute until he died. The important contributions by Robert Koch (1843-1910) are summarized as follows: 1. discovery of the causative agents of anthrax, tuberculosis and cholera. 2. discovery of tuberculin. 3. introduction of streak plate and pour plate methods for isolation of pure cultures. 4. introduction of the method of heat fixing bacterial smears or staining, and the hanging-drop method of culturing bacteria. 5. development of semi-solid medium (gelatin). 6. establishment of Koch's postulates which are the laboratory principles in confirming the relationship between a specific pathogen and a disease. The postulates are as follows: a. A specific organism is always associated with a given disease. b. The organism can be isolated in pure culture. c. When the organism is injected into a healthy animal, it will cause the same disease. d. The organism can be re-isolated in pure culture from the experimentally infected animal, and it should be identical to the original organism isolated from the sick animal. Petri dish was introduced in 1887 by Richard J. Petri (1852-1921), an assistant of Koch. Agar-agar as a solidifying agent was introduced by Frau Hesse, the wife of Walter Hesse who was another associate of Koch. Elie Metchnikoff (1845-1916), a Russian microbiologist, first recognized the role of white blood cells. He formulated the theory that immunity was conferred by white blood cells by phagocytosis. He and Paul Ehrlich received the Nobel Prize in 1908. In 1892, Dmitri Ivanovski (1864-1920) first discovered virus as the causative agent of tobacco mosaic disease. Crystallization of tobacco mosaic virus (TMV) was achieved by W. Stanley in 1953. Theobald Smith (1859-1934), an American physician, proved that tick was the vector of Texas fever in cattle which is caused by a protozoan. This is the first evidence that an arthropod could be a vector of diseases. In 1901, Walter Reed and his colleagues discovered that yellow fever virus was transmitted by mosquitoes. In 1908, Paul Ehrlich (1845-1915) introduced Salvarsan (compound 606) for syphilis treatment. He is known as the father of chemotherapy.
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In 1915-1917, British scientist F. Twort and French scientist F. D'Herelle independently discovered bacteriophages (bacterial viruses). In 1932, Gerhard Domagk (1895-1964), a German physician, discovered the first sulfa drug, and proved that sulfonamides were effective against several bacterial infections. He won a Nobel Prize for his work. In 1933-1938, Germans Ernst Ruska and von Borries developed the first electron microscope. Martinus W. Beijerinck (1851-1931), a Dutch microbiologist, introduced the enrichment culture technique to isolate special kinds of microorganisms from soil and water. He also discovered the bacteria that grow in the root nodules of legumes such as alfalfa, clover and soybean can fix nitrogen. In 1928, Alexander Fleming (1881-1955) discovered penicillin (produced by Penicillium notatum). The chemotherapeutic value of penicillin was evaluated and confirmed in 1940 by Ernst B. Chain and Howard W. Florey of Oxford University. It was later mass produced in the United States. Florey, Chain, and Fleming won a Nobel Prize in 1945. In 1928, Frederick (Fred) Griffith, an English pathologist and medical officer in the British Ministry of Health, discovered transformation in pneumococci. Transformation is a process of genetic transfer in which the DNA released from a donor cell into the environment is absorbed and incorporated into the chromosome of a recipient cell. The factor responsible for transformation was found to be DNA by Oswald Avery, Colin MacLeod, and Maclyn McCarty of Rockefeller Institute in 1944. The molecular structure of DNA was discovered by James Watson, Francis Crick and Maurice Wilkins. They won Nobel Prize in 1962. The research in DNA results in many discoveries. Scientists are able to cut and splice DNA fragments from different organisms to form recombination DNA (rDNA). The technique of transferring DNA fragment from one organism to another is called recombinant DNA technology or genetic engineering. Many scientists who used microorganisms for genetic research have won Nobel Prizes. Table 1.2 (p. 10-11) summarizes the major scientific contributions in biological sciences. In 1941, George W. Beadle and Edward L. Tatum conducted an experiment on Neurospora. They discovered that each mutant has a specific nutritional requirement. This led to their proposal of onegene, one-enzyme hypothesis (each gene is responsible for the production of one enzyme). In 1944, Joshua Lederberg and E. L. Tatum discovered conjugation in bacteria. In 1953, James Watson, Francis Crick, Rosalind Franklin and Maurice Wilkins discovered the molecular structure of DNA. b 1954, Jonas Salk developed the first polio vaccine. In 1957, Alick Isaacs and Lindenmann discovered interferon. D. Carleton Gajdusek discovered the cause of slow virus diseases. In 1972, Paul Berg developed the first recombinant DNA in a test tube. In 1973, Herb Boyer and Stanley Cohen cloned the first DNA using plasmids. In 1975, Cesar Milstein, Georges Kohler, and Niels Kai Jerne developed technique to produce monoclonal antibodies.
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In 1983, Luc Montagnier of France discovered human immunodeficiency virus (HIV). Kary Mullis introduced the polymerase chain reaction (PCR) technique. TAXONOMY: ORGANIZING CLASSIFYING, AND NAMING MICROORGANISMS There are about 10 million species of living things, including thousands of microorganisms. Scientists placed them into groups based on their similarities. Taxonomy is the science of classifying living things according to their relatedness. It includes classification (grouping of living things based on their morphological and physiological characteristics), nomenclature (naming of organisms according to the international codes), and identification (description and characterization). Organisms that share certain common characteristics are placed into taxonomic groups called taxa. The basic taxon is the species (a collection of strains with similar characteristics). Closely related species are grouped into genera (sing. genus), genera into families, families into phyla (sing. phylum), or divisions (used in bacterial classification instead of phyla), and phyla or divisions into kingdoms (Fig. 1.13, p. 19). Bacteria belong to Kingdom Procaryotae (also called Monera). They are classified as follows: Kingdom Procaryotae Phylum (for animals) or Division (for plants and bacteria) Gracilicutes (-icutes) Class Scotobacteria (-bacteria) Order Spirochaetales (-ales) Family Spirochaetaceae (-aceae) Genus Treponema Species pallidum Subspecies ASSIGNING SPECIFIC NAMES In 1735, Carolus Linnaeus, a Swedish naturalist, introduced the binomial system of nomenclature. The binomial system is a two-name system given to every species of living things. Under this system, every organism is given two names. The first name is the genus name which begins with a capital letter. The second name is the species name which begins with a small letter. These two names make up a scientific name of a living organism. A scientific name stands for a species of living thing. The name must be written in Latin or Greek, and is italicized or in boldface. For example, Staphylococcus aureus is a scientific name of a species of bacteria of the genus name Staphylococcus (Greek-staphyle: a bunch of grapes; kokkus: berry) and species name aureus (Latin-aureus: golden). A number of species have been named in honor of their discovers. Other names may designate a characteristic of the microbe (shape, color), a location where it is found, or disease it causes. THE ORIGIN AND EVOLUTION OF MICROORGANISMS A natural or phylogenetic system of classification is based on the concept of evolutionary relationships among the organisms. Evolution is a change in the genetic makeup of an entire population through a long period of time in which the organisms that possess the advantageous characteristics survive and those without are eliminated. The evolutionary patterns of organisms are often drawn as a family tree, with the more ancient groups at the bottom and the more recent ones at the top (Fig. 1.15 & 1.16, p. 21 and 22).
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SYSTEMS OF PRESENTING A UNIVERSAL TREE OF LIFE In 1969, Robert H. Whittaker of Cornell University proposed the five-kingdom system of classification. It is widely accepted. The Kingdom Procaryotae (Monera) contains two subgroups: the eubacteria and the archaebacteria. This is the only kingdom which is unicellular and procaryotic. The primitive bacteria gave rise to both more advanced bacteria and eucaryotes. Kingdom Protista contains unicellular, eucaryotic organisms such as algae and protozoans. Kingdom Myceteae (Fungi) contains unicellular yeasts, and multicellular molds. They have a cell wall made of chitin and/or cellulose. They do not contain chlorophylls. They are all heterotrophs. They absorb nutrients from other organisms. Members of Kingdom Plantae are multicellular. They all have chlorophylls and a cell wall which is made of cellulose. They are autotrophs. Members of Kingdom Animalia also are multicellular. They do not have a cell wall or chlorophylls. They are all heterotrophs. AN ALTERNATE VIEW OF KINGDOMS AND CELLS Based on the differences in the small ribosomal ribonucleic acid (rRNA), Carl Woese and George Fox proposed three superkingdoms called domains: Domain Archaea, Domain Bacteria and Domain Eukarya (Fig. 1.15, p. 21). The progenotes were the ancestors of both procaryotes (Domain Bacteria and Domain Archaea). The archaea (archaebacteria) are the ancestors of eucaryotes (Domain Eukarya).
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TOOLS OF THE LABORATORY: The Methods for Studying Microorganisms METHODS OF CULTURING MICROORGANISMS The five basic techniques of culturing microorganisms are inoculation, incubation, isolation, inspection and identification (Fig. 3.1, p. 60). INOCULATION AND ISOLATION Culture refers to the growth of microorganisms (or other organisms) in nutrient medium. The food that contains nutrients used to grow microorganisms is called culture medium. The material that contains microorganism to be transferred to a medium is called an inoculum. Inoculation refers to the process of introducing microorganisms into a medium. To determine the characteristics of a microorganism, pure culture must be used. A pure culture is a growth in which all cells in the population are genetically identical. A mixed culture is a growth which has more than one species. A contaminated culture refers to a type of growth with undesirable organisms (contaminants). An axenic culture is a culture that contains only one species. A clone culture is a growth that is derived from a single cell. All the cells in the population of a clone culture are genetically identical. Tissue culture refers to the growth of tissue cells outside an animal or a plant. In vitro culture is a type of growth in artificial media in containers such as test tubes, flasks, Petri dishes or tanks. In vivo culture is a type of growth in living animals, plants or embryos. Techniques for Isolating Cells: A colony is a collection of a large number of cells which are formed by cell division from a single cell or a cluster of cells. Pure cultures can be obtained by the streak-plate method and the loop dilution (or pour-plate) method (Fig. 3.3 & 3.4, p. 63). MEDIA: PROVIDING NUTRIENTS IN THE LABORATORY Pure culture allows close examination of its morphology, physiology and genetics. There are variations in the nutritional requirements of microbes. Various dehydrated commercial media are now available. TYPES OF MEDIA (Table 3.1, p. 64) PHYSICAL STATES OF MEDIA Based on the physical state, the following media are recognized: 1. Broth: liquid medium 2. Semi-solid medium: This type of medium is in a solid state when cooled and in a liquid state when heated. A solidifying agent such as agar agar (1 to 1.5%), a seaweed (red algae, Gelidium) extract; or gelatin, a protein from tissue extract, is included in the medium. This medium is especially useful for keeping routine stock cultures alive for long period of time. 3. Solid medium: This type of medium includes those that remain solid even when they are heated. Examples: a slice of potato or other plant tissues which, after proper sterilization, can be used to cultivate microorganisms. These are nonliquefiable solid
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media. Media that contain 2 to 3% of agar or 10 to b5% of gelatin are also considered as solid media. These are liquefiable solid media. The nonliquefiable solid media include rice grains, cooked meat media, and potato slices which remain solid after heat sterilization. CHEMICAL CONTENT OF MEDIA Based on chemical makeup, media can be divided into: I. Chemically defined or synthetic media. The composition of each essential nutrient is known (Table 3.2, p. 67). It is used to determine the precise nutritional requirements of a microorganism. II. Complex or nonsynthetic media: The essential nutrients are supplied by extracts from beef, yeasts and plants, and from milk protein casein. These media are chemically undefined because their exact composition is unknown. Nutrient broth contains beef extract, sodium chloride and distilled water. MEDIA TO SUIT EVERY FUNCTION Based on the application, the following media are recognized: 1. General-purpose nutrient medium: It is used for growth of many microorganisms. Examples: Trypticase, tryptic soy broth and thioglycollate. 2. Enriched medium: Special nutrients or growth factors have to be added to the basic nutrient medium to promote the growth of fastidious organisms. This type of medium contains no inhibitory agent to prevent the growth of unwanted microorganisms. For examples, blood agar (animal blood added to a sterile agar base) is used to grow Streptococcus pneumoniae, and Thayer-Martin medium or chocolate agar (cooked blood agar) is used to grow Neisseria. 3. Selective medium: It is a medium that contains a certain chemical which is inhibitory to the growth of certain undesirable organisms (Table 3.3, p. 68). Examples: Deoxycholate-citrate agar permits the growth of Salmonella and Shigella, but inhibits other coliforms. EMB and MacConkey agar allow Gram-negative enteric bacteria to grow, but not Gram-positive bacteria_ A medium can serve more than one function. 4. Differential medium: It is a medium that allows the distinction among the organisms that grow on it (Table 3.4, p. 69). Examples: Eosin-methylene blue (EMB) agar and MacConkey agar used for differentiation of enteric bacteria. Blood agar permits the differentiation of streptococci into hemolytic and nonhemolytic bacteria. Streptococcus pneumoniae, the causative agent of pneumonia, produces alpha (a) hemolysis, which is indicated by a green coloration around each colony, and S. pyogenes, the causative agent of strep throat and scarlet fever, produces beta (a) hemolysis, indicated by a clear zone around each colony. 5. Reducing medium: It contains a reducing substance (such as thioglycollic acid or cystine) that absorbs oxygen in a medium to grow anaerobic bacteria. 6. Transport medium: It is a medium designed for holding the organisms temporarily until they can be cultivated in the laboratory. Examples: Stuart's and Amies transport media, Hank's balanced salt solution with protein supplement, and double stoppered tubes or vials for anaerobes.
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7. Assay medium: It is a chemically defined medium which is deficient of one specific nutrient. The growth rate of an organism can be determined by measuring the cell density or the amount of acid produced during metabolism when an increasing amount of that specific nutrient is added. It can be used to test for the effectiveness of drugs. 8. Enumeration medium: It is used by industrial and environmental microbiologists to count the numbers of microorganisms in milk, water and other samples. INCUBATION, INSPECTION, AND IDENTIFICATION Incubation is normally done between 20 to 40°C. It may take one day to several weeks depending on the types of microorganisms. During incubation, a large number of cells are produced. This large mass of cells is known as a colony. Each species has a distinct size, shape, color and texture. Once an isolation has been made, it is a common practice to subculture the organism. A tiny sample from an isolated colony is removed and inoculated into a separate container of medium. Cultural inspection is done by direct microscopic examination of the specimen to determine its morphology and other characteristics. Identification of microorganisms is based on morphology, biochemical tests, serology and DNA analysis. MAINTENANCE AND DISPOSAL OF CULTURES Many teaching and research laboratories maintain stock cultures. The American Type Culture Collection in Rockville, Maryland, maint: ins a large number of frozen and freeze-dried fungal, bacterial, viral and algal cultures. Culture disposal is commonly done by steam sterilizing and incineration (burning). THE MICROSCOPE: WINDOW ON AN INVISIBLE REALM MAGNIFICATION AND MICROSCOPE DESIGN Magnification is the ability to enlarge objects, and resolving power is the ability to see detail. Microorganisms are too small to be seen with unaided eyes. In order to study them, microscopes must be used. The advent of microscope has its root in the ancient engravers of the Middle East who used glass globes filled with water and spheres of rock crystal to magnify the objects that they engraved. Reading glass was a common reading device during the Roman Empire. By the middle of the 15th century, the art of lens grinding became popular. Simple microscope was developed during that time. A simple microscope consists of a single lens system which may make up of a single lens or several lenses joined together to provide only one stage of magnification. Reading glass, hand lens, jeweler's loupe and magnifying glass mounted in a simple holder are the examples of simple microscopes. Although microorganisms had been observed by Anton van Leeuwenhoek in 1674, not many biologists were aware of them until the development of modern compound microscopes. Compound microscope was invented in the period 1590-1609 in the Netherlands. Hans Janssen, his son Zacharias and Hans Lippershey were credited as the inventors. A compound microscope consists of two lenses, one lens forms an enlarged image of the object, and the second lens forms a much enlarged image of the first image. Theoretically, an image can be further
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Page 12: Test question #19 Spherical Abber ation – the distortion can be corrected by using a special compound lens called an aplanatic lens.



Page 15: Test question #20 In order to get a very good resolution, one has to decrease the value for the wavelength, and increase the values for both the numerical aperture of the objective lens and the condenser lens.



Test Question #21 Pages 15: Virtual image is also known as an inapparent, unreal, reverse or secondary image . Page 16 : Real image is also known as a primary image



Page 16: Test Question #22 Non-photon microscopes such as the electron microscope, have a magnification as high as 1 million



Page 33: Test question #71 Examples of sexual spores are the ascospores, basidiospores, zygospores and oospores



Page 39: Test question #80 Viruses contain either DNA or RNA, but never both
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Types of Differential Stains Grain staining Acid-fast staining Endospore staining Capsule staining Flagellar staining Specimen Preparation for Electron Microscopy: The biological specimens are primarily composed of hydrogen, oxygen, carbon, nitrogen and phosphorus which have low atomic number. These elements are poor in scattering electrons and thus give a biological specimen a poor contrast which causes poor resolution. Contrast can be enhanced by staining a specimen with solutions of heavy metal salts which release ions of phosphotungstate, plumbite, uranyl or lead. Some techniques have been developed in conjunction with electron microscopes to enhance the contrast of a specimen. They are most often applied to eucaryotic cells instead of the procaryotic cells because of the more complexity and the better resolution achievable with the eucaryotic cells. A biological specimen has to be fixed with fixatives such as osmium tetroxide or glutaraldehyde to preserve the structure of the specimen. It is then dehydrated with increasing concentrations of alcohol. The specimen is embedded in epoxy (plastic). The embedded specimen is carefully trimmed off of excess plastic with a razor, until the specimen is exposed at the tip. It is then mounted on a microtome to be sectioned into ultrathin sections. The sections are scooped up by copper grids. They are stained with heavy metals, and then observed with electron microscope. Freeze-Fracture (Freeze-Etching) Technique: In this technique, a specimen is quickly frozen in water at -100°C. It is then fractured or cut with a cold diamond or a glass knife. The cut specimen is subjected to sublimation by exposing to shinning radiant heat. The frozen water in the specimen is evaporated, leaving a three-dimensional feature on the surface of the specimen. A thin replica film of the specimen is created when the specimen is showered with a thin layer of metal atoms followed with a thin layer of carbon atoms. The replica is floated off in solution of lead or uranyl salt and mounted on a copper grid which is subsequently viewed in an electron microscope. A striking detail of the internal structure of the specimen can be revealed. This technique foregoes the necessity of fixation and thus avoids the appearance of artifacts which may appear in chemical fixation. 1. 2. 3. 4. 5. 6. 7. 8.



Disadvantages of the Electron Microscopes: It is expensive and its routine maintenance is also costly. Electron penetration power is weak. Ultrathin sections of the specimen must be prepared. The preparation of ultrathin sections is a laborious process. Electrons can be easily scattered by particles and water vapor molecules. So, electron pathways must be kept in a vacuum state. Live specimen cannot be examined because the specimen has to be dehydrated. Dehydration of the specimen may cause morphological distortion of the structures. Dehydration, embedding and sectioning of the specimen are time consuming. The electron microscopes do not show the color of the specimens. The information on the chemical composition of the specimen is difficult to obtain because the heavy metals or their salts are used to fix the specimen to enhance its electron scattering ability.
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PROCARYOTIC PROFILES: The Bacteria and Archaea PROCARYOTIC FORM AND FUNCTION: EXTERNAL STRUCTURE The first cells appeared on earth at least 3.5 billion years ago. They were a type of simple bacteria called archaea (also called archaebacteria) which are possibly related to modern forms that live on sulfur compounds in geothermal ocean vents. The general organization of a procaryote consists of a protoplasm which is enclosed by a cell envelope (cell membrane, cell wall and glycocalyx). The protoplasm contain cell pool, ribosomes, mesosomes, granules and chromatin bodies. Upon the cell envelope one may find appendages which include flagella, periplasmic flagella (=axial filaments), and pill (sex pilus and somatic pilus or fimbria). THE STRUCTURE OF A GENERAL17F,D PROCARYOTIC CELL APPENDAGES: CELL EXTENSIONS Flagella--Bacterial Propellers These are appendages for motility. The flagellum rotates in a counterclockwise direction, moving either toward or away from the source of a stimulus. Their thickness ranges from 12 to 15 nm in diameter. Based on the flagellation (number and distribution of flagella), a bacterium may be described as: Monotrichous (mono: single; trichous: hair-like structure): The bacterium has only one flagellum on its surface. Lophotrichous (lopho: one tuft): The bacterium has only one tuft of flagella on only one end of the cell. Amphitrichous (amphi: both): There is one flagellum protruding from each end of the cell. Multitrichous (Kophotrichous): The bacterium has one tuft of flagella at each end of the cell. Some microbiologists placed this type of flagellation under amphitrichous. Peritrichous (peri; around): The bacterium has flagella all over the entire surface. Those bacteria that have no flagella are described as atrichous. Flagellar Ultrastructure: The bacterial flagellum has three parts: a basal body or granule, a hook like structure, and a long filament (Fig. 4.2, p. 90). The basal body consists of a central rod surrounded by a series of rings. Gram-negative bacteria have two pairs of rings, with the outer rings anchored to the cell wall, and the inner rings attached to the cytoplasmic membrane. Gram-positive bacteria have one pair of rings. One ring lies in the cytoplasmic membrane, and the other ring in the cell wall. These rings rotate the flagellum. The hook positions the filament and keeps it from spinning off center. The flagellum consists of three protein fibers intertwined in a helical structure. The fibers are made up of a protein called flagellin (mol. wt. 20,000 to 40,000). The protein molecules are synthesized within the cell, and passed through the hollow core of the flagellum to be added at the tip of the filament. So, a flagellum grows at its tip. A flagellum has a diameter of 12-20 nm, and a length of 15-20 pm. Since the flagella are below the limit of resolution of a light microscope, they must be treated with reagents to make them thicker. Fine Points of Flagellar Function:
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Bacteria may move randomly or exhibit chemotaxis which is a movement in response to a chemical stimulus. They may move in a straight track called a run, or tumble wildly. If they alternate run and tumbling patterns, this type of movement is called three-dimensional random walk. Periplasmic Flagella (Axial Filaments): Internal Flagella (Fig. 4.7, p. 93) Spirochetes have no external flagella. The motility of these bacteria is achieved by the periplasmic flagella (previously called axial filaments, axial fibrils or endoflagella) which are located between the cell membrane and the cell wall. Each fibril has a shaft with a covering sheath and an insertion apparatus which consists of a proximal hook and insertion discs. Appendages for Attachment and Mating: Pili (sing. pilus) are appendages which are smaller, shorter and more numerous than flagella. They are primarily found in Gram-negative bacteria. They consist of protein subunits pilin arranged in helical tube-like structure. There are two types of pili: the somatic pilus (also called fimbria) and sex pilus (conjugative pilus or F pilus). The somatic pili (fimbriae) are responsible for cell adherence and the formation of surface films to enhance microbial growth (Fig. 4.8, p. 93). The fimbriae also serve as receptor sites for attachment of bacteriophages. The sex pill are responsible for sexual reproduction (conjugation) (Fig. 4.9, p. 94). The cells with F plus are called donor cells, and those without them are called recipient cells. The pili of a donor cell recognize and adhere to the receptors on the surface of a recipient cell. The genetic material of the donor cell then passes through the sex pilus into the recipient cell which then undergoes mutation as it picks up new genes. THE CELL ENVELOPE: THE OUTER WRAPPING OF BACTERIA Cell envelope refers to the complex of layers external to the cell protoplasm. It includes the glycocalyx, the cell wall and the cell membrane (Mg. 4.10, p. 94). The Bacterial Surface Coating or Glycocalyx: The glycocalyx is a chemical layer secreted by the bacterial cells. If the glycocalyx is organized into a defined structure and is firmly attached to the cell wall, it is called a capsule. If it is not organized into any definite shape, and loosely attached to the cell wall, it is known as a slime layer. The slime layer tends to dissolve in water and makes the solution viscous. Functions of the Glycocalyx: Capsules are accumulations of gelatinous material on the cell wall of many species of bacteria such as Streptococcus pneumoniae, Haemophilus influenzae and Bacillus anthracis. Their chemical nature is either polysaccharides, glycoproteins or polypeptides. They can be lost upon repeated culture. The bacteria that possess capsules are described as encapsulated. Importance of capsules: 1. Protect against phagocytosis and desiccation. 2._Prevent attachment and lysis of cell by bacteriophages. 3. Responsible for adherence of cells to the substrate. 4. Responsible for virulence. 5. Serve as reservoir of stored food. 6. Responsible for industrial nuisance: Encapsulated bacteria impair the quality of milk and paper, and clog filter, equipment, and the sewage pipes in the paper mill. 7. Useful for typing different types of pneumococci based on the slight differences in the chemical makeup of the capsules.
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THE CELL WALL: MULTIPURPOSE FRAMEWORK OF THE CELL The cell wall provides a rigid framework and protects the cell from osmotic damage. It prevents the escape of enzymes, and the influx of harmful chemicals. Cell wall is essential for growth and cell division. It accounts for 10 to 40% of a bacterium's thy weight. Properties and Chemical Composition of Bacterial Cell Walls: The cell wall of eubacteria is made up of peptidoglycan (also called murein). It consists of three kinds of building blocks: N-acetylglucosamine (NAG), N-acetylmuramic acid (NAM), and a peptide made of four amino acids (tetrapeptide). The tetrapeptide contains some unusual Damino acids instead of the normal L-amino acids. The peptidoglycan consists of chains made of alternate NAG and NAM cross-linked by tetrapeptides (Fig. 4.14, p. 96). Antibiotics such as penicillin prevent the synthesis of cross-links. This leads to the lysis of the cells. Differences in Cell Wall Structure: A Comparison Between the Cell walls of Gram-positive and Gram-negative Bacteria: (Fig. 4.16, p. 99) Gram '(+) bacteria 1. Contain teichoic acids (polymers of glycerol and ribitol phosphates). Teichoic acids are negatively charged. They may aid the transport of positive iond in and out of the cell. 2. Lower lipid content (0-2%). 3. More peptidoglycans and phosphorus. 4. Fewer amino acids. 5. Chemically less complex. 6. Thicker (20-80 nm ). 7. Cell wall does not have an outer membrane (envelope).



Gram (-) bacteria 1. No teichoic acids. 2. Higher lipid content (10-20%). 3. Less peptidoglycans and phosphorus. 4. More amino acids. 5. Chemically more complex. 6.,. Thinner (8-11 nm) 7. Cell wall has an outer membrane. (envelope) which consists of proteins, and lipopolysaccharides. The envelope is anchored to the peptidoglycan by proteins.



The outer membrane is a selective membrane. It contains channels formed by proteins called porins. There are various types of porins which are specific for the diffusion of various kinds of molecules. Some proteins of the outer membrane serve as receptors for the attachment of bacteriophages. Some proteins inhibit or kill closely related organisms. The proteins in the outer membrane (including porins and receptors) are collectively called Omp. Based on the presence or absence of the cell wall, the following types of bacterial cells are recognized:



SWARTZ



MICROBIOLOGY NOTES



22



Wall-defective microbial forms (WDMF) and Mycoplasmas* can be categorized and characterized as follows:



Loss of cell wall



Induced by



1. Spheroplasts



Partial



Enzymes



2. Protoplasts



Complete



Lysozyme, Penicillin



No



3. L-forms* Stable



Complete



Spontaneous occurrence Penicillin or other drugs



No



Unstable 4. Mycoplasmas*



Complete Complete



None; occur naturally



Revertible to parental form Yes



Yes No



*: Previously called pleuropneumonia-like organisms or PPLO. They are common parasites of the genital tract. Characteristics: 1. Without cell wall and small, 125-250 nm. 2. Highly pleomorphic. 3. The center of the whole colony is characteristically embedded beneath the surface of media, showing a fried -egg appearance. 4. Can be grown in artificial media. 5. Resistant to penicillin. 6. Intracellular parasites. **; L-forms of some bacterial species may produce chronic infection. They are resistant to antibiotic treatment, and present a problem in chemotherapy.



Cytoplasmic Membrane (plasma, protoplasmic or cell membrane): The Multipurpose Integument It is a thin membrane (5-10 nm) lying underneath the cell wall. It is made up of 60-70% protein and 30-40% lipid. It makes up about 10% of the dry weight of the cell. The cell membrane of procaryotes with the exception of mycoplasmas does not contain sterols (high molecular-weight lipids). It functions as an osmotic barrier, controlling the passage of nutrients and waste products. It is the site of enzyme activity. The membrane that invaginates into the cell participates in metabolism and replication. Mesosomes: Mesosomes are structures formed by the invagination of the cytoplasmic membrane. The structures may assume vesicular,lamellar or tubular forms. They are primarily found in Gram positive bacteria. There are two types of mesosomes: the central mesosomes, and the peripheral mesosomes. The central mesosomes are attached with chromosomes, are
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believed to be involved in DNA replication and cell division. The peripheral mesosomes are involved in the secretion of enzymes. The elaborate extensions of the cytoplasmic membrane increase the surface area for metabolic activities, and in some bacteria serve in photosynthesis. The functions of mesosomes can be summarized as follows: 1. Cell wall synthesis. 2. Cellular respiration and photosynthesis. 3. Nuclear division. 4. Spore formation. 5. Enzyme secretion. Some claimed that mesosomes are artifacts of fixation. Their presence can be found in cyanobacteria (Fig. 4.34, p. 117).



BACTERIAL FORM AND FUNCTION: INTERNAL STRUCTURE CONTENTS OF THE CELL CYTOPLASM Protoplasm is the gelatinous substance enclosed by a cell membrane. It consists of 70% to 80% water which serves as a solvent for the cell pool (a mixture of nutrients and salts). Chromatin Bodies and Plasmids: The Sources of Genetic Information Chromatin body or bacterial chromosome refers to a single circular double-stranded DNA in bacteria. Since the bacterial DNA is n o t enclosed by a membrane, the region where the genetic material can be found is known as the nucleoid instead of the term nucleus found in eucaryotes. Many species of bacteria also contain an extra piece of circular DNA known as the plasmid. It is not essential for the survival of the organisms. A plasmid may contain genes responsible for drug resistance, and toxin and enzyme production. Plasmids have been used as vectors in genetic engineering techniques. Ribosomes: Sites of Protein Synthesis The chemical components of ribosomes are proteins and rRNA. Each ribosome (70-S) consists of two subunits: the smaller subunit (30-S) and the larger subunit (50-S). The "S" refers to the Svedberg unit which is a measurement of the rate of particle sedimentation when the solution is centrifuged. Ribosome provides the site for protein synthesis. A typical bacterial cell may have 15,000 ribosomes which account for about 40% of the bacterial dry weight. Polyribosomes (polysomes): They are formed by ribosomes held together by mRNA. Inclusions or Granules: Storage Bodies These are chemical deposits found primarily in the cytoplasm of older cells. They include: I. Membrane-Enclosed., Inclusions: A. Glycogen granules: They provide the source of glucose. B. Lipid Inclusions: They exist as neutral fats or granules of poly-13-hydroxybutyrate (PHB). They function as a reserve carbon and energy source. They can be stained with lipid-soluble dyes such as Sudan dyes or Nile blue. They appear colorless in simple staining.



SWARTZ _____ MICROBIOLOGY NOTES 24, 3. Carboxysomes: They contain enzymes for carbon dioxide fixation in cyanobacteria. 4. Gas Vesicles: They are found in cyanobacteria, green bacteria, and purple sulfur bacteria. Each gas vacuole contains several gas vesicles which are hollow cylinders with conical ends bounded by a protein layer. They are responsible for cell buoyancy, light shielding, and surface-to-volume regulation. II. Non-Membrane-Enclosed Inclusions: 1. Sulfur granules: These are deposits of sulfur used by H2S-oxidizing bacteria. They serve as an energy reserve for the bacteria. 2. Volutin granules (also called metachromatic granules, polyphosphates or Babes-Ernst granules): They are polymers of inorganic phosphate. They are the source of phosphate, and the sites of enzymatic activity. They stain reddish-purple with methylene blue dye, and are used to identify certain bacteria like Corynebacterium diphtheriae. BACTERIAL ENDOSPORES: RESISTANCE IN THE EXTREME Endospores: Spores that are formed within the cell are called endospores. They are thick-walled, highly refractile, and highly resistant to temperature, freezing, desiccation, chemicals and radiation. Bacillus, Clostridium, Desulfotomaculum, Pasteuria, Sporolactobacillus, Sporosarcina, and Thermoactinomyces are able to produce endospores. There are three types of endospores: central spores, subterminal spores, and terminal spores. Sporulation is a process of spore formation. A bacterial cell produces only one spore. When one spore germinates, it forms only one vegetative cell. So, sporulation is not considered a form of reproduction. Endospore Formation and Resistance: Endospores are resistant to heat, drying, freezing, radiation and chemicals. The high content of calcium and dipicolinic acid (DPA) may be responsible for heat resistance. The endospores of Clostridium botulinum can withstand boiling temperature for several hours. The thick cortex and spore coats protect against radiation and chemicals (Fig. 4.21, p. 103). The Germination of Endospores: In the presence of water and stimulation by a specific organic chemical such as an amino acid or an inorganic salt, a spore germinates to become a vegetative cell. Hydrolytic enzymes are formed by the spore membranes. The enzymes digest the cortex and expose the core of spore to water. As the core rehydrates and takes up nutrients, it grows out of the spore coats to become a vegetative cell. Practical Significance of 3acterial Spores: The important pathogenic spore-formers include Bacillus anthracis (causes anthrax), Clostridium tetani (causes tetanus or lockjaw), C. perfringens (causes gas gangrene) and C. botulinum (causes botulism). Destruction of spores is important in hospitals and canning industry to prevent infection and food poisoning. BACTERIAL SHAPES, ARRANGEMENTS, AND S17FS Bacteria are measured in micrometer (gm). One micrometer (1 µm) is equal to 10-6 (0.000001) meter. Most bacteria measure about 0.5 to 1 gm in diameter or width. Staphylococci and
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Serological Analysis: Genetic and Molecular Analysis: G + C Base Composition DNA Analysis Using Genetic Probes: Nucleic Acid Sequencing and rRNA Analysis: (Fig. 4.28, p. 110; Fig. 4.29, p. 111) CLASSIFICATION SYSTEMS IN THE PROCARYOTAE The following three systems are commonly used to classify bacteria: 1. classification based on the 9th edition of Bergey's Manual of Systematic Bacteriology. 2. comparison of rRNA. 3. a practical classification system that uses a few morphological and physiological traits. The Bergey's manual organizes the Kingdom Procaryotae into four divisions: (Tables 4.4 and 4.5, p. 112) Gracilicutes: Gram-negative cell walls and thin-skinned. Firmicutes: Gram-positive cell walls and thick-skinned. Tenericutes: Lack a cell wall and are soft. Mendosicutes: Have unusual cell walls and nutritional habits such as archaea (also called archaebacteria). Based on rRNA, eubacteria are classified into 11 branches (Fig. 4,31, p. 113) 1. Gram-positive eubacteria: Bacillus, Clostridium, Mycobacterium, Staphylococcus, Actinomyces and mycoplasmas. 2. Gram-negative eubacteria: purple photosynthetic bacteria (Chromatium) and non-photosynthetic Pseudomonas, Vibrio, Neisseria, Escherichia and the rickettsias. 3. Cyanobacteria: Photosynthetic bacteria with chlorophyll a that evolve oxygen; Oscillatoria and Spirulina. 4. Spirochetes: Flexible cells with periplasmic filaments (axial filaments) such as Treponema and Borrelia. 5. Walled, budding bacteria that lack peptidoglycan in their cell walls; Planctomyces. 6. The Bacteroides, Flavobacterium, Fusobacterium and Cytophaga; a mixed group. 7. Chlamydias, obligate parasites; lack ability to complete metabolism independently; lack peptidoglycan; Chlamydia. 8. Green sulfur bacteria; anaerobic bacteria that contain bacteriochlorophyll and use sulfur in metabolism; do not produce 0 2 ; Chlorobium. 9. Green nonsulfur bacteria; filamentous, gliding, thermophilic, photosynthetic bacteria that contain bacteriochlorophyll, do not evolve 02; Chloroflexus. 10. Unique bacteria with extreme resistance to electromagnetic radiation; Deinococcus, grampositive cocci and Thermus, thermophilic rods. 11. Unusual thermophilic bacteria inhabiting hot oceanic vents; Thermotoga. Ribosomal RNA analysis divides archaebacteria into three groups: 1. Methanogens: release methane from simple inorganic compounds. 2. Extreme Halophiles: salt-loving bacteria. 3. Sulfur-dependent archaebacteria: use sulfur in their metabolism, extremely thermophilic (heatloving). Many medical microbiologists prefer a system that outlines the major families and genera (Table 4.6, p. 114).
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Species and Subspecies in Bacteria: A bacterial species is a collection of cells which have similar traits as compared to other groups. A strain or variety is a culture derived from a single parent that differs in structure or metabolism from other cultures of that species. They can be called biovars or morphovars. A type is a subspecies that has a different antigenic make-up (called serotype or serovar), in susceptibility to bacteriophages (phage type or phagovar), and in pathogenicity (pathotype or pathovar). SURVEY OF PROCARYOTIC GROUPS WITH UNUSUAL CHARACTERISTICS UNUSUAL FORMS OF MEDICALLY SIGNIFICANT BACTERIA Rickettsias: They are tiny gram-negative bacteria which are transmitted by arthropods. They are obligate parasites. They cause Rocky Mountain spotted fever (Rickettsia rickettsia) transmitted by ticks, epidemic typhus (R. prowazekit) transmitted by lice, and Q fever (Coxiella burnetii) transmitted by dust and arthropods. Chlamydias: They are gram-negative, obligate parasites. Chlamydia trachomatis causes trachoma and lymphadenoma venereum. Chlamydia psittaci causes ornithosis or parrot fever that can infect humans. Mycoplasmas and Other Cell Wall-Deficient Bacteria: Mycoplasmas lack a cell wall. Their cell membrane is stabilized by sterols. They are pleomorphic, measuring as small as 0.1 µm. They are not obligate parasites as they can be grown on artificial media. Mycoplasma pneumoniae causes atypical pneumonia in humans. FREE-LIVING NONPATHOGENIC BACTERIA Photosynthetic Bacteria: 1. Cyanobacteria: Blue-Green Bacteria: They range in size from 1 gm to 10 µm. They can be unicellular or in colonial groupings (Fig. 4.34, p. 117). Chlorophyll a and other pigments are found on the internal membranes called thylakoids. They produce oxygen during photosynthesis. They have gas vacuoles that adjust buoyancy. They produce cysts that fix nitrogen (N2). Many contain phycocyanin which gives them a shade of bluish green. Some members are yellow and orange in color. They can be found in fresh water and seawater. Some undergo periodic blooms that kill fish by depleting the oxygen content. Some are associated with fungi to form lichens. 2. Green and Purple Sulfur Bacteria: They contain bacteriochlorophyll and do not release oxygen during photosynthesis. They live in sulfur springs, freshwater lakes, and swamps. They are anaerobic. They exist as single cells and are frequently motile. They use sulfur compounds (H2S, S) and may contain sulfur inclusions. Gliding, Fruiting Bacteria: The gliding bacteria do not have flagella. Yet, they are motile by gliding on the slimy secretion on the surface. The vegetative cells of myxobacteria swarm together to form a fruiting body which produces spores (Fig. 4.36, p. 119).
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Appendaged Bacteria: They have an extended process of the cell wall in the form of a bud, a stalk or a thread (Fig. 4.37, p. 119). The stalks can trap organic materials. Budding bacteria reproduce by forming a bulb (bud) at the end of a thread. The bud breaks away and forms a flagellum. It moves to another location to start its life cycle. ARCHAEA: THE OTHER PROCARYOTES The archaea (also called archaebacteria) are more closely related to Eukarya than to bacteria. They share a number of features and ribosomal sequences not found in bacteria (Table 4.7, p. 119). They can be divided into the following groups: Methanogens: 1. thrive at high temperatures, between 65° C and 70°C. 2. anaerobic. 3. utilize CO2 and H2. 4. release methane gas (CH4). Red-Extreme Halophiles: survive in high salt concentration (17-23% or higher of NaCl). (Fig. 4.38, p. 120) Sulfur-Dependent Archaebacteria: 1. found in hot (50° C or higher), acidic habitats (pH 4.0 to 5.5). 2. utilize elemental sulfur. Hyperthermophiles: They grow between 80° and 105° C or higher. They can be found in volcanic waters and soils and submarine vents where temperature can be as high as 250°C. Thermoplasmas: have no cell wall; grow at high temperatures (55° to 59°C or higher) under acidic conditions (pH 1-2).
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Chapter 5 EUCARYOTIC CELLS AND MICROORGANISMS THE NATURE OF EUCARYOTES The first eucaryotic cells appeared on earth about two billion years ago. They probably evolved from procaryotic organisms by a process of intracellular symbiosis. Microfile 5.1 (p. 135) explains the endosymbiotic hypothesis. According to the hypothesis, the eucaryotes evolved from the precursors of eucaryotes called urcaryotes through the endocytosis of aerobic bacteria and blue-green algae. Instead of being digested, the aerobic bacteria evolved to become mitochondria, and blue-green algae evolved to become chloroplasts. Even the flagella of eucaryotes evolved from spirochetes. Multicellular organisms probably evolved from the aggregation of eucaryotic cells which organize to form tissues and organs. FORM AND FUNCTION OF THE EUCARYOTIC CELL: EXTERNAL STRUCTURES LOCOMOTOR APPENDAGES: CILIA AND FLAGELLA The eucaryotic microorganisms include fungi, algae and protozoa. They all have true nucleus which contains linear chromosomes. They have the following important organelles. Flagella and Cilia: These are appendages used for locomotion in many protozoa and algae. They all have 9+2 arrangement of microtubules. Cilia are shorter and more numerous than flagella. Cilia move in synchronization but not flagella. Flagella function in motility, and cilia function in filtering, feeding and motility. SURFACE STRUCTURES: THE GLYCOCALYX Most eucaryotic cells have a glycocalyx which is usually composed of polysaccharides on the surface of cytoplasmic membrane or cell wall. It functions in protection, adherence and also as receptors of signals from other cells and from the environment. THE CELL WALL Cell wall can be found in bacteria, algae, fungi and plants. It maintains the shape of cells and prevents them from bursting. The cell walls of eucaryotes do not contain peptidoglycan. Plant cell wall is composed mainly of cellulose, and that of fungi is chitin and cellulose. Yeast cell walls have polysaccharide mannan which is a polymer of mannose. The cell wall of algae has cellulose, pectin, mannans, silicon dioxide and calcium carbonate. The cell walls of diatoms contain silica. Some protozoa have a layer of shell-like material which is made up of organic matrix reinforced by inorganic substances. THE CELL MEMBRANE: The eucaryotic cell membrane is structurally and functionally similar to that of procaryotes, consisting of a bilayer of lipids embedded with protein molecules (the fluid-mosaic model). One main difference is that the eucaryotic membrane has sterols (mainly cholesterol) which add strength to the membrane. The membrane is reinforced by actin and myosin. No enzymes in eucaryotic
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membrane are involved in energy generation. The membrane controls the passage of particles in and out of a cell. Survey of Major Organelles: Each organelle carries out one or two functions. Organelles partition a cell into many tiny compartments so that conflicting metabolic processes can be carried out. Synthesis and secretion of certain molecules often proceed in an assembly-line fashion, each organelle affects the outcome of the final product. FORM AND FUNCTION OF THE EUCARYOTIC CELL: INTERNAL STRUCTURES THE NUCLEUS: THE CELL CONTROL CENTER Nucleus: The eucaryotic nucleus has nuclear membrane (nuclear envelope). The material enclosed by the membrane is known as the nucleoplasm. Nucleolus can be found in the nucleoplasm. Nucleolus is responsible for the synthesis of ribosomal RNA (rRNA). There are pores in the nuclear membrane through which macromolecules move in and out. Nucleus contains chromosomes. The chromosomes are made of DNA and proteins (histone and non-histone proteins). In a nondividing cell, DNA and protein combine to form very thin thread called chromatin. During cell division (mitosis or meiosis), they condense into visible chromosomes. The Relationship of Chromosome Number to Reproductive Mode: Most fungi, algae and some protozoa spend most of their life cycle in the haploid state. The haploid set of chromosomes refers to a single set of unpaired chromosomes. The haploid number of chromosomes of Penicillium is 5. Animals, plants, some protozoa and algae spend most of their greater part of life cycle in diploid state. The diploid number in humans is 46, blood fluke is 16 and redwood is 22. During normal growth or asexual reproduction, the diploid number is maintained by mitosis (Fig. 5.6, p. 130). During meiosis (sexual reproduction), the diploid number is reduced into haploid number in gametes (sperm and egg). Fertilization restores the diploid number (Fig. 5.7, p. 131). ENDOPLASMIC RETICULUM (ER): A MAIZE OF MEMBRANES This is a membranous network of flattened sacs and tubules that connect to nuclear membrane and cytoplasmic membrane (Fig. 5.8, p. 132). There are two types of ER. The smooth ER (has no ribosomes attached to it) is involved in glycogen, lipid, and steroid synthesis. It distributes cellular products, and detoxifies toxic chemicals. The rough ER (has ribosomes attached to it) is involved in protein synthesis. GOLGI APPARATUS (GOLGI COMPLEX OR BODIES): A PACKAGING MACHINE It consists of flattened stacks of membranous sacs known as cisternae. It is responsible for storage, modification and packaging of secretory products. The transitional vesicles that contain protein bud from the endoplasmic reticulum. They are picked up by the Golgi complex. The proteins are modified by the addition of polysaccharides and lipids. The final product is then pinched off in condensing vesicles which are conveyed to other organelles or transported outside the cells as secretory vesicles (Fig. 5.10, p. 133).
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MITOCHONDRIA: ENERGY GENERATORS OF THE CELL A mitochondrion has an outer and an inner membrane. The inner membrane is convoluted into folds called cristae. The fluid inside the organelle is called the matrix. It contains ribosomes, DNA and enzymes involved in metabolism. The organelle is responsible for cellular respiration. Mitochondria probably evolved from procaryotes as they resemble the procaryotic cells in size. The ribosomes in mitochondria are also similar to procaryotic ribosomes (70 S rather than 80 S found in the cytoplasm of eucaryotes). Mitochondria contain circular DNA which is the same as the one found in procaryotes. Mitochondria divide the same way as the procaryotes. Their division is independent of the nucleus of the eucaryotes. CHLOROPLASTS: PHOTOSYNTHESIS MACHINES Chloroplast is the site of photosynthesis. It has an outer membrane and an inner membrane. The inner membrane forms disk-shaped sacs called thylakoids. A stack of thylakoids is called a granum. The fluid inside the chloroplast is known as stroma (Fig. 5.13, p. 134). Chloroplast also contains circular DNA which codes for the proteins of the organelle. THE CYTOSKELETON: A SUPPORT NETWORK The cytoplasm of eucaryotic cell contains a network of fibers called the cytoskeleton. It functions in support, cell movement and shape changes. The two main types of fibers are microfilaments and microtubules. Microfilaments are thin protein strands that attach to the cell membrane. They are responsible for the movements of the cytoplasm and the elongation and contraction of pseudopodia during amoeboid movement. Microtubules are hollow tubes. They are responsible for maintenance of cell shape, cell movement, transportation of nutrients, and separation of chromosomes during cell division. RIBOSOMES: PROTEIN SYNTHESIZERS Ribosomes are either scattered freely in the cytoplasm or attached to the rough ER. They may cluster to form polyribosomes (polysomes). They are responsible for protein synthesis. The chemical component of ribosomes are rRNA and proteins (ribonucleoprotein). Each ribosome (80S) consists of two subunits: the smaller subunit (40S) and the larger subunit (60S). The "S" refers to Svedberg unit which is a measurement of the rate of particle sedimentation when the solution is centrifuged. Eucaryotic ribosome is larger than that of procaryotes which have 70S ribosomes with 30S smaller subunit and 50S larger subunit. SURVEY OF EUCARYOTIC MICROORGANISMS THE KINGDOM OF THE FUNGI The Kingdom Fungi or Myceteae can be divided into two groups: the macroscopic fungi (mushrooms, puffballs, gill fungi) and the microscopic fungi (molds, yeasts). Fungi can exist in two basic morphological types: yeasts and hyphae. A yeast cell is round to oval shape. It reproduces by budding, an asexual reproduction. The yeast cells may remain attached in a chain known as pseudohyphae (Fig. 5.15, p. 138). Hyphae are filaments formed by threadlike cells of filamentous fungi or molds. Some pathogenic molds exhibit dimorphism. They can exist as yeast form or mold form (hyphae) depending on the growth conditions.
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Characteristics of Fungi: Fungi are eucaryotic and filamentous organisms. They include the unicellular yeasts and the multicellular molds. They all produce spores. They do not contain chlorophyll. Their growth does not depend on light. They have a cell wall which is either made of chitin (a nitrogen-containing polysaccharides) and/or cellulose. They are aerobic or facultatively anaerobic. They survive at a pH range from 2.2 to 9.6, and grow best at a pH of about 5. They thrive at a temperature range between 20°C and 35°C. Most of them are saprophytes (saprobes), and some of them are parasites. FUNGAL NUTRITION Fungi are heterotrophs feeding on food produced by other organisms. Most are saprophytes feeding on dead organic substances. Very few of them are parasites feeding on living hosts. Mycoses are fungal infections in animals. Many species of fungi are plant pathogens, causing extensive damages in agriculture. ORGANIZATION OF MICROSCOPIC FUNGI The colonies of yeasts look like those of bacteria. The colonies of filamentous fungi have cottony, hairy or velvet appearance. There are two types of hyphae. Coenocytic hyphae (or aseptate hyphae) do not have septa (sing. septum) (Fig. 5.16, p. 138). Septate hyphae have septa which have pores that allow free movement of cytoplasm and nuclei from one cell to another. Each hypha has a potential to grow into a colony. The interwoven, matlike structure formed by hyphae is called a mycelium (p1. mycelia). There are two types of hyphae: vegetative and aerial or reproductive hyphae. The vegetative hyphae (rhizoid) are embedded in the medium, and are responsible for support and nourishment of the fungus. The reproductive hyphae are found above the surface, and are responsible for reproduction. The reproductive hyphae produce spores at the tips (Fig. 5.18, p. 140). REPRODUCTIVE STRATEGIES AND SPORE FORMATION Fungi can reproduce sexually and asexually except those in Subdivision Deuteromycotina (Fungi Imperfecti or Deuteromycetes) which reproduce only asexually. Asexual reproduction can be achieved by the formation of various type of asexual spores by mitosis, fragmentation of the filament, and budding. Examples of the asexual spores are: 1. Sporangiospores are enclosed by a saclike structure called a sporangium at the tip of a developing hypha called a sporangiophore. 2. Conidia (conidiospores) (singular: conidium) are not enclosed by a sac. They develop at the tip of a special fertile hypha called the conidiophore. They occur in the following forms: Arthrospore or arthroconidium : developed by fragmentation of the hyphae. Chlamydospore or chlamydoconidium: formed by thick-walled hyphal cell. Since the arthrospores, blastospores and chlamydospores are directly formed from the hyphae, they are collectively called thallospores. Blastospore: formed by budding. Phialospore: buds from the mouth of a vase-shaped spore-bearing cell called a phialide or sterigma, leaving a small collar. Microconidium and macroconidium: The smaller and larger conidia produced by the same fungus under varying conditions. Microconidia are one-celled, and
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FUNGAL CLASSIFICATION Kingdom Fungi (Myceteae) is divided into two subkingdoms: the Myxomycota (slime molds) and the Eumycota (true fungi). Fungi that do not reproduce sexually are placed in phylum Deuteromycota (Fungi Imperfecti). If they were found to have a sexual cycle, they are reclassified. The Eumycota is classified into four phyla based on their mode of sexual reproduction. Amastigomycota: Fungi That Produce Sexual and Asexual Spores (Perfect) Phylum I--Zygomycota (also Phycomycetes): Sexual spores: zygospores; asexual spores: sporangiospores and conidia. Hyphae are usually nonseptate. Most species are free-living; some are parasites. Examples: Rhizopus, a black bread mold; Mucor, Syncephalastrum; and Circinella. Phylum 11--Ascomycota (also Ascomycetes): The sexual ascospores are produced inside the sacs called asci (sing. ascus). Asexual spores: conidia formed at the tips of conidiophores. Hyphae have septa. Examples: Histoplasma (causes Ohio Valley fever); Microsporum (causes ringworm). Penicillium (produces penicillin) and Saccharomyces (the baker's yeast). Phylum III--Basidiomycota (also Basidiomycetes): Sexual spores: basidiospores; asexual spores: conidia; hyphae septate. Examples: mushrooms, puffballs, bracket fungi, Cryptococcus neoformans (a human pathogen). Amastigomycota: Fungi That Produce Asexual Spores Only (Imperfect): Phylum IV--Deuteromycota (Fungi Imperfecti) Asexual spores: conidia; hyphae septate. Examples: Blastomyces, Microsporum, Coccidioides immitis (causes valley fever); Candida albicans (causes yeast infections); and Cladosporium (mildew fungus) (Fig. 5.25, p. 149). FUNGI IDENTIFICATION AND CULTIVATION Fungi are isolated in corn-meal agar, blood agar, Sabouraud's agar and glucose yeast extract agar. Sabouraud has low pH which inhibits bacterial growth. Identification is based on spore types, hyphal types (septate or aseptate), colony texture, pigmentation and physiological characteristics. THE ROLES OF FUNGI IN NATURE AND INDUSTRY Mycoses (fungal diseases) can be divided as follows: (Table 5.1, p. 145) Superficial mycoses: Name of disease Black piedra Pityriasis versicolor Dermatophytosis (tinea, ringworm, athlete's foot toenails and beard) Candidiasis (yeast infection)



Name of fungi



Organs or tissues involved



Piedmia hartae Malassezia furfur Microsporum Trichophyton Epidernwphyton



Hair epidermis Epidermis, hair and dermis



Candida albicans



Mucous membranes, skin, nails
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Sporothrix schenckii Pseudoallescheria boydii
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Beneath the skin forms nodules, can invade lymphatics Tumors of limbs and extremities



Systemic mycoses: Coccidioidomycosis Coccidioides immitis Lung (San Joaquin Valley fever or desert fever) Blastomycosis Lung Blastomyces dermatitidis (North American blastomycosisChicago disease) Histoplasmosis Lung Histoplasma capsulatum (Ohio Valley fever) Cryptococcosis Lung Cryptococcus neoformans (torulosis) ParacoccidioidoParacoccidioides brasiliensis Lung, skin mycosis Some fungi are opportunists causing diseases in patients who already have AIDS, cancer or diabetes. The cell walls of some fungi contain chemicals that can cause allergies. Poisonous mushrooms such as Amanita can cause death if eaten. Aspergillus flavus produces aflatoxin, a type of mycotoxin that causes liver cancer. Plant diseases are predominantly caused by fungi. They destroy 40% of the yearly fruit crop. Most fungi are beneficial as they decompose wastes to return nutrients to the environment. Some fungi are used to produce antibiotics, alcohol, organic acids, enzymes, vitamins, cheese and soy sauce. THE PROTISTS Members of this kingdom are eucaryotic and unicellular, although some may form colonies. The cells do not organize into tissues. There are two subkingdoms: THE ALGAE: PHOTOSYNTHETIC PROTISTS The algae are photosynthetic. They include the microscopic forms and the larger members such as seaweeds and kelps which may measure up to 200 meters long. Only the microscopic forms are included in this kingdom. Table 5.2 (p. 147) lists the characteristics of various subgroups of algae. The microscopic forms constitute the major components of the floating community of microscopic organisms called plankton. They play an important role in the food chain of an ecosystem. Some species can be found in hot springs and snowbanks (Fig. 7.11, p. 205). Based on the types of chlorophyll and other pigments, they are divided into four divisions: (1) Euglenophyta or euglenoids, (2) Chlorophyta or green algae, (3) Chrysophyta or golden brown algae, and (4) Pyrrophyta or dinoflagellates. Algae reproduce asexually through fragmentation, binary fission and mitosis. They are important in food chain. They produce oxygen. Some products of algae are important in industries. Only Prototheca, an unusual non-photosynthetic alga, is associated with subcutaneous infections in humans and animals. Dinoflagellates cause red tide. They produce toxins which kill aquatic life.
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The toxins cannot be inactivated by heat. BIOLOGY OF THE PROTOZOA Protozoan Form and Function: Protozoa are microscopic, animal-like organisms that lack cell walls. They have different forms and shapes. They measure from 3 to 300 µm. Some may be as large as 3 to 4 mm. They are motile at some stage of their life cycle. Nutritional and Habitat Range: Protozoa are heterotrophs. Free-living species feed on dead organic substances. Some are predators of bacteria and other protozoa. Didinium can swallow a paramecium nearly its size (Fig. 5.31c, p. 152). Some absorb food through the cell membrane. They can be found in fresh and marine water, and in habitats with low or high pH. Styles of Locomotion: The means of locomotion are pseudopodia, flagella and cilia. Some species move by gliding or twisting movement. A few species have both pseudopodia and flagella. In certain species, the flagella are attached along the extension of the cytoplasmic membrane called the undulating membrane (Fig. 5.29, p. 151). In certain protozoans, cilia fuse to form stiff props (cirri) that serve as primitive rows of walking legs (Fig. 5.31, p. 152). Life Cycles and Reproduction: The motile feeding stage of protozoans is called the trophozoite. When the conditions are unfavorable, the trophozoite undergoes encystment in which it rounds up into a sphere called the cyst. Its ectoplasm secretes a tough, thick cuticle around the cell membrane. Cysts are resistant to heat, drying and chemicals. They can be spread by air currents. When the conditions are favorable, a cyst breaks open and releases the active trophozoite. The life cycles of many protozoans alternate between a trophozoite and a cyst, depending on the environmental conditions. Trichomonas vaginalis causes trichomoniasis. It is sexually transmitted. It occurs only in trophozoite stage. Entamoeba histolytica (causes amoebic dysentry) and Giardia lamblia (causes giardiasis) can form trophozoite and cyst. All protozoans divide by mitosis (Fig. 5.28, p. 150). Flagellates divide longitudinally, and ciliates divide transversely. The parasites of malaria and toxoplasmosis reproduce by multiple fission or schizogony. Sexual reproduction also occurs in many species. The simplest sexual mode is syngamy in which two haploid motile gametes unite to form a diploid zygote. The zygote undergoes meiosis to form haploid trophozoites. Ciliates reproduce by conjugation in which the micronuclei of two organisms are exchanged. Classification of Selected Medically Important Protozoa: Based on the means of locomotion, mode of reproduction and stages in the life cycle, the Subkingdom Protozoa is conveniently divided into four medically important groups: The Mastigophora (Flagellata): The means of locomotion is flagella. They have single nucleus; sexual reproduction by syngamy; division by longitudinal fission. The parasitic forms lack mitochondria and Golgi apparatus. Most species form cysts. Examples: Trypanosoma gambiense and Trypanosoma rhodesiens cause African sleeping sickness. The disease is transmitted by tse-tse fly. Trypanosoma cruzi causes American sleeping sickness (Chagas' disease). Its vector is kissing (reduviid) bug. Leishmania donovani causes kala-ajar. It is transmitted by sandfly. Giardia lamblia causes giardiasis which is
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transmitted through ingestion of contaminated water or food. Trichomonas vaginalis causes trichomoniasis. It is sexually transmitted. The Sarcodina: The means of locomotion is pseudopodia. Asexual reproduction is by fission. Most amoeba are freeliving. Entamoeba histolytica causes amoebic dysentery. Foraminifera and radiolarians form a chalky calcium shell. They are responsible for chalk deposits in the ocean. The Ciliophora (Ciliata): The trophozoites move by cilia. Most form cysts. They have macronuclei and micronuclei. Cell division is by transverse fission. Most have a mouth for feeding. Most ciliates are free-living. Balantidium coli causes dysentery. The Sporozoa, or Apicomplexa: The protozoans have no means of locomotion. The immature forms and gametes move by means of flagella, flexion of the body, or gliding. Many have complex life cycles with alternation of sexual and asexual stages. The intermediate host usually harbors the asexual forms, and the definitive host the sexual forms. The two most important parasites in this group are Toxoplasma gondii and Plasmodium species. Toxoplasma gondii causes toxoplasmosis which is characterized by meningitis and hepatitis. Transplacental transmission may result in stillborn, or mental retardation. This parasite is carried by a number of animals especially cats. Human malaria is caused by four species of Plasmodium (P. falciparum, P. vivax, P. ovale, and P. malariae). The disease is transmitted by Anopheles mosquito. The infective form is sporozoite which is injected into human blood by the mosquito. The parasite attacks the liver and the red blood cells. Inside these cells, the parasite develops into schizont which divides asexually and gives rise to merozoites. When these merozoites are released, they attack other cells. Inside the cells they form trophozoites. The trophozoites feed on the cells and develop into schizonts which divide asexually to produce more merozoites. Some merozoites inside the red blood cells develop into microgametocyte (male) and macrogametocyte (female). They are picked up by the mosquito. Once inside the mosquito, the microgametocytes undergo exflagellation to form sperm cells, and the macrogametocytes develop into egg cells. These two forms of parasite then fuse to form a zygote which transforms into an ookinete in the mosquito gut. The ookinete then penetrates the gut and forms a swollen structure on the surface of the gut. The structure is called an oocyst. Inside the oocyst, the parasite divides and forms many sporozoites. When the oocyst ruptures, the sporozoites are released. The sporozoites find their way to the saliva of the mosquito which then introduces the parasites into the blood stream of human to continue the life cycle. Malaria infects 100 to 300 million people world-wide, and kills about 3 million per year. Protozoan Identification and Cultivation: Identification of protozoans is based on cell shape, size, the type, number and distribution of the means of locomotion, presence of cysts or organelles and the number of nuclei. Smears can be directly made from the clinical specimens. Some protozoans can be cultivated on artificial media or in animals. Important Protozoan Parasites: Refer to the previous discussion.
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THE PARASITIC HELMINTHS: Helminths include tapeworms, flukes and roundworms. There are two major groups of parasitic helminths: Phylum Platyhelminthes: the flatworms which have a very thin, segmented body (Fig. 5.35, p. 155), and Phylum Aschelminthes: the nematodes which have an elongate, cylindrical, unsegmented body (Fig. 5.36, p. 156). The flatworm group is subdivided into the cestodes, the tapeworms, and the trematodes, the flukes. General Worm Morphology: All helminths are multicellular. The parasitic helminths have well developed reproductive tract, thick cuticle for protection and mouth glands to break down the host's tissues. Life Cycles and Reproduction: Many worms have complex life cycles that alternate between hosts. They reproduce sexually by forming eggs and sperm. The fertilized egg (zygote) develops into larva and eventually into adult. A female Ascaris can may contain over 25,000,000 eggs and lay 200,000 eggs per day. A Helminth Cycle: The Pinworm Enterobiasis is caused by Enterobius vermicularis, the pinworm or seatworm. It measures 2 to 12 mm in length. It is transmitted through ingestion of the egg (with L2 inside). The larva hatches from the egg and matures into adult worm in the large intestine and appendix in about one month. The male and female worms then mate. The female worm migrates out of the anus at night and deposits eggs around the anus. Vermox, piperazine citrate (antepar) and powan are the drugs of choice for the treatment of this worm. All members of the family should be treated. Helminth Classification and Identification: The helminths are classified according to the shape, size, degree of development of various organs, the presence of hooks, suckers or other structures, the mode of reproduction, the ldads of hosts, and the appearance of eggs and larvae. Distribution and Importance of Parasitic Worms: There are about 50 helminths that parasitize humans. A higher incidence is found in the tropical region. But, there are gradual changes in the patterns of worm infection due to jet age travel. The world-wide cases run into billions. In this country alone, there is an estimate of 50 million helminth infections, primarily in young and malnourished children. They cause an increase death rate.



SWARTZ



MICROBIOLOGY NOTES



40



Genome: A complete set of genetic material (i.e. a complete set of genes). Capsid: The symmetric protein coat which encloses the nucleic acid of the genome. Nucleocapsid: The capsid together with the enclosed nucleic acid. Capsomers: The structural units (the individual clusters of protein molecules) that form the capsid. Virion: The complete infective virus particle. The virion of adenoviruses is identical with the nucleocapsid. The virion of herpes viruses includes the nucleocapsid and envelope. The Viral Capsid: The Protective Outer Shell: The capsid is the protein coat made of identical building blocks called capsomers. Each capsomer is a cluster of smaller protein molecules called protomers. The capsomers can automatically, depending on their shape, assemble into two different types: helical and icosahedral. The helical capsids are made of rod-shaped capsomers that bond together to form a series of discs. The discs link together to form a continuous helix in which the nucleic acid strand is coiled (Fig. 6.4, p. 166). Tobacco mosaic virus (TMV) has this type of shape. The viruses that have an enveloped nucleocapsid are influenza, measles and rabies. An icosahedron is a particle with 20 surfaces and 12 apexes (corners). Their capsids are made of two types of capsomers: the triangular hexons that form the flat surface, and the round pentons that form the apexes (Fig. 6.6, p. 167). Papillomavirus (warts) is a naked icosahedron, and herpes simplex is an enveloped icosahedron (Fig. 6.7, p. 168). The Viral Envelope: The envelope of viruses originates from the host's membrane which can be cell membrane, nuclear envelope or the endoplasmic reticulum. The envelope contains a wide variety of lipid compounds which include phospholipids, glycolipids, neutral fats, fatty acids, fatty aldehydes, and cholesterol. In the envelope, some or all the regular membrane proteins are replaced with viral proteins. Some proteins form a binding layer between the envelope and the capsid. Some proteins protrude on the outside of the envelope to form spikes or peplomers. These molecules are essential for attachment to the host cells. Functions of the Viral Capsid/Envelope: A capsid and an envelope or an outer shell (found in poxvirus) protect the nucleic acid from the effects of enzymes and chemicals. They are responsible for the binding and the penetration of the viral nucleic acid into the host cell. They stimulate the immune system to produce antibodies. Complex Viruses: Atypical Viruses The poxviruses are very large viruses that lack a capsid but have several layers of lipoproteins and coarse surface fibrils (Fig. 6.8a, p. 169). The bacteriophages have a polyhedral head, a sheath, and tail fibers for attachment to the host (Fig. 6.8b, p. 169). Nucleic Acids: At the Core of a Virus Viruses contain either DNA or RNA but never both. The hepatitis B virus contains as few as four genes whereas herpesviruses and poxviruses have several hundred genes per virion. Escherichia coil has about 4,000 genes and a human cell has about 100,000 genes. The genome of animals and plants contains only double-stranded DNA. The parvoviruses, the cause of erythema contagiosum, have single-stranded DNA (ssDNA), and reoviruses, a cause of respiratory and intestinal tract infections, contain double-stranded RNA (dsRNA).
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Other Substances in the Virus Particle: Other than the protein capsid and nucleic acid core, viruses may contain enzymes polymerases for synthesis of DNA and RNA, and enzymes for digestion of host DNA and proteins. Some viruses such as arenaviruses contain host ribosome, and retroviruses contain the host's tRNA. The envelopes of viruses contain a wide variety of lipid compounds which include phospholipids, glycolipids, neutral fats, fatty acids, fatty aldehydes, and cholesterol. The envelopes are picked up from the host plasma membrane. HOW VIRUSES ARE CLASSIFIED AND NAMED Based on their structure, chemical composition and genetic makeup, viruses are classified into two superfamilies: DNA or RNA viruses. There are 6 families of DNA viruses, and 13 families of RNA viruses (Table 6.3, p. 171-172). The virus family names end in -viridae, and subfamily names in -virinae. Prefixes to the family endings describe the family characteristics. For examples, Picornaviridae means small (pico) RNA (ma) viruses. Hepadnaviridae means causing liver disease (hepa) DNA (dna) viruses. Other family names refer to historical origins. Some viruses are named according to their appearance. Examples: rhabdoviruses are bullet-shaped viruses and togaviruses have a cloak-like envelope. Viruses are also named according to the anatomic and geographic areas. Examples: adenoviruses were first discovered in adenoids (a type of tonsil) and bunyaviruses were isolated from Bunyamwera in Africa. They can also be named for their effects on the host. Examples: lentiviruses cause slow, chronic infections; picornaviruses are tiny RNA viruses, and reoviruses (respiratory enteric orphan viruses) inhabit the respiratory tract and the intestine. Each virus is also assigned genus name according to its host, target tissue, and the type of disease it causes. The genera are denoted by a Latinized root followed by the suffix -virus. Examples: Enterovirus and Herpesvirus. Some common English names such as poliovirus and rabies virus are still in use. MODES OF VIRAL MULTIPLICATION The replication of viruses follows the following events: 1. Attachment or Adsorption: Virus attaches to the receptor of a target cell. 2. Penetration: A virus can directly inject its nucleic acid into the host cell, leaving an empty protein coat called a ghost outside. It can also be taken in by a mammalian cell by a kind of phagocytosis called viropexis, a process similar to pinocytosis. After it uncoats, a naked virus is released within the host cell. 3. Eclipse phase: The virus undergoes a short time interval in which no virus particles can be detected. 4. Replication: Synthesis of viral nucleic acid and proteins which are then assembled to form viral particles. 5. Assembly and maturation: Once the components of the virus have been synthesized, they are assembled to form a complete viral particle. The stepwise assembly is controlled by the viral morphopoietic genes. The virus then begins to make its exit from the infected cell. 6. Release: The virus particles can be released from an infected cell in two ways: one is by lysis, and the other is by budding, depending on the type of virus. A host cell is destroyed if the virus comes out by lysis. Budding may also kill a host if many
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virus particles come out from the cell as the cell is not able to fix the holes caused by budding. Poxviruses contain an envelope. They exit by budding. THE MULTIPLICATION CYCLE IN BACTERIOPHAGES The bacteriophages were discovered independently by Frederick W. Twort in England in 1915, and by Felix d'Herelle at the Pasteur Institute in Paris in 1917. They found that a filterable agent was responsible for the disappearance of bacterial colonies. The agent caused bacterial lysis which is known as Twort-d'Herele phenomenon. The agent was called bacteriophage by d'Herelle. The most widely studied bacteriophages are the T-even (for even-numbered type) phages. Adsorption: Docking onto the Host Cell Surface The phage's tail molecules bind to specific molecules (receptors) on the cell wall and pill of the host bacterium (Fig. 6.10, p. 173). Bacteriophage Penetration: Entry of the Nucleic Acid The nucleic acid of bacteriophage is injected into the host cell leaving an empty shell called ghost outside the host cell. The Bacteriophage Assembly Line: Within a few minutes after entry, the viral nucleic acid instructs the host cell to synthesize (1) proteins to seal the hole, (2) enzymes for making more copies of virus genome, (3) proteins that make up the capsid and tail fibers, and (4) enzymes that weaken the bacterial cell wall. Eclipse phase refers to the time interval in which no virus particles can be found within the host cell. Once the components are synthesized, they spontaneously assemble into bacteriophages. Viral DNA is inserted into the head before the capsomers are completely joined and the collar and sheath unite with the tail pins. An E. coli cell can harbor as many as 200 phages. As the cell is so packed with viruses that it lyses. This process is facilitated by viral enzymes. Once the viruses are released, they attack other cells. Lysogeny: The Silent Virus Infection Lysogeny is the integration of viral DNA into the host DNA. The virus is called temperate or avirulent phage, and the bacteria that allow lysogeny to occur are called the lysogenic bacteria. The viral DNA which becomes integrated into the host DNA is known as the prophage (also called provirus or lysogen). The host cell synthesizes a mRNA from the phage DNA which codes for a repressor protein. The repressor protein inhibits the replication of the phage. The bacterial host cell is not destroyed. It can continue to multiply to form new cells, each of which carries a prophage. However, if the host cell is exposed to UV light or other mutagenic agents, the host cell synthesizes repair enzymes which digest the repressor protein. When the viral DNA is cleaved off from the host chromosome it becomes activated. The phage then enters the lytic cycle. The Impact of Bacteriophages: When the prophage breaks away from the host DNA, it may carry some bacterial genes. When the virus attack another host cell, it will transfer the genes to the cell. This process of genetic transfer from one cell to another by a virus is called transduction. Toxin production and drug resistance can be transferred by this process.
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MULTIPLICATION CYCLES IN ANIMAL VIRUSES The replication cycles of animal viruses are similar to those of bacteriophages. They include adsorption, penetration, uncoating, replication, assembly and release. The cycle varies from 6 hours for polioviruses to 36 hours in herpesviruses. Table 6.5 (p. 176) compares the replication cycles in both bacteriophage and animal virus. The major differences are: (1) Animal virus enters the host cell by phagocytosis or fusion. The virus has to undergo uncoating process so that nucleic acid can be released. (2) Animal virus can exit a host cell by budding. (3) Host cell destruction can be delayed in some animal viruses. Adsorption and Host Range: Viruses are host specific. They have certain host range within which they can infect. The viral surface proteins have to fit the host receptors (Fig. 6.16, p. 178). The membrane receptors are usually proteins. The rabies virus can connect to the acetylcholine receptor of nerve cells. HIV (human immunodeficiency virus) can attack only the cells such as T helper cells that carry CD4 receptors. The viruses will not attack a cell that lacks a specific receptor. Penetration/Uncoating of Animal Viruses: Animal viruses enter a host cell by endocytosis. The entire virus is engulfed by the cell and enclosed in a vacuole or vesicle (Fig. 6.17a, p. 178). The viral nucleic acid is released when the envelope and capsid are digested by enzymes. Influenza virus and mumps virus enter the host cell by fusion between the viral envelope and the host cell membrane (Fig. 6,17b, p. 178). Poliovirus enters a host cell by first adhering to the cell membrane with its nucleic acid then translocated into the cell. Replication and Maturation of Animal Viruses: Host Cell As Factory DNA viruses (except poxviruses) enter the host nucleus. They replicate and assemble inside the nucleus. RNA viruses replicate and assemble in the cytoplasm (Fig. 6.15, p. 177). Viral RNA uses the host ribosome to synthesize viral proteins for the capsid, spikes and enzymes. It can also synthesize new viral RNA. The viral components are then assembled into virus particles. In enveloped viruses, the viral spikes are inserted into the membrane as the virus buds from the host cell. Release of Mature Viruses:



Nonenveloped and complex viruses are released from the host cell when the cell lyses. Enveloped viruses come out from the host cell by budding or exocytosis from the membranes of the cytoplasm, nucleus, endoplasmic reticulum or vesicles. This process does not cause a sudden death of the host cell. Regardless of how the viruses come out, they will eventually kill the host cells because of the accumulated damage caused by the shut down of metabolism and genetic expression, destruction of cell membrane and organelles, toxicity of virus components and release of lysozymes from lysosomes that digest the host cell. About three or four thousand poxviruses, and over 100,000 polioviruses can be released from an infected cell. Damage to the Host Cell and Persistent Infections: Cytopathic effect (CPE) is the destruction of tissue cells by viruses. The host cells undergo changes in shape or size or produce inclusion bodies which are aggregations of viruses. Observation of these changes helps the diagnosis of viral infections. Table 6.6 (p. 180) summarizes some prominent cytopathic effects associated with specific viruses. Some viruses cause persistent infections which can last from a few weeks to lifetime in the host cells. Herpes simplex viruses (cause fever blisters and genital herpes) and herpes zoster virus
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(chickenpox and shingles) remain in the chronic latent state. They remain latent in nerve cells. When they are activated, they destroy the host cells. Some oncogenic viruses alter the growth and metabolic patterns of host and transform the cells to become cancerous. The change from a normal to a cancerous cell is called transformation. A transformed cell exhibits an increased rate of growth, chromosome alterations, changes in cell's surface molecules, and an uncontrolled cell division. Oncoviruses are the viruses that can cause tumors. Examples of DNA oncoviruses are papillomavirus (causes genital warts and associated with cervical cancer), herpesviruses (Epstein-Barr virus causes Burkitt's lymphoma) and adenoviruses (cause respiratory, enteric and eye infections). The retroviruses are the only RNA viruses that are oncogenic. They all carry reverse transcriptase which enables them to synthesize a double-stranded DNA from their single-stranded RNA. Examples of retroviruses are HIV (human immunodeficiency virus) which causes AIDS; Human T-cell lymphotrophic virus (HTLV-1) which causes adult T-cell leukemia, and HTLV-II which causes hairy-cell leukemia. TECHNIQUES IN CULTIVATING AND IDENTIFYING ANIMAL VIRUSES Animal viruses can be cultivated in vivo in their natural host (animal or plant) or embryos, and in vitro using tissue cultures. The purposes of cultivation are: (1) to isolate and identify viruses in clinical specimens; (2) to prepare viral vaccines, and (3) to do detailed research on the vi ruses. USING LIVE ANIMAL INOCULATION The animals used in viral cultivation include white mice, rats, hamsters, guinea pigs and rabbits. Viral preparation is directly injected into the brain, blood, muscle, body cavity, skin, or footpads. USING OF BIRD EMBRYOS Chicken, duck and turkey embryos are often used for inoculation (Fig. 6.21, p. 182). Viral growth can result in death of the embryo, defects in embryonic development, and localized damage in the membranes exhibited by discrete, opaque spots called pocks. If no overt changes are seen, embryonic fluid can be directly examined with an electron microscope. Serologic tests can also be used to detect the virus. USING CELL (TISSUE) CULTURE TECHNIQUES Cell culture or tissue culture is the growth of tissue cells in an artificial container containing a nutrient medium. The cells multiply to form a confluent single sheet of cells called a monolayer. There are two types of tissue cultures: primary and continuous. The continuous growth of animal tissue cells constitutes an animal cell line. The primary cell lines consist of cells derived from explants. The cells tend to die out after a few divisions. The continuous cell lines consist of transformed cells that can divide indefinitely. These are immortal cells. They can divide forever as long as nutrients are provided and physical conditions are met. Continuous cell cultures have been prepared from the organs or tissues of vertebrates and invertebrates. Insect cell cultures can be used to grow plant viruses. The HeLa cell line has been cultivated since 1951. The cell line was established from the cancer of Henritta Lack. The cell line is used in virus and cancer research. Some viruses cannot be cultivated in any cell cultures. One way to detect viral growth is to check for plaque formation. A plaque is a clear area in which all tissue cells have been destroyed by the virus (Fig. 6.23c, p. 184). By counting the number of plaques the number of virus in a suspension can be estimated.
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MEDICAL IMPORTANCE OF VIRUSES Human diseases are predominantly caused by viruses. Most viral infections are not fatal. Some viral diseases such as rabies, AIDS and Ebola have a high mortality rate. Polio and neonatal rubella can cause a long-term debility. SPECIAL VIRUSLIKE INFECTIOUS AGENTS Prions: Prions are proteinaceous infectious particles that contain no nucleic acids. They are resistant to UV light and heat. They may be coded by a gene in normal host DNA. They are implicated in several neurological diseases which include kuru disease and Creutzfeldt-Jakob disease of humans, scrapie of sheep and mad cow disease. They cause a gradual degeneration of the central nervous system and death. The agents are also called slow viruses because they have a long incubation period. Some scientists believe scrapie is caused by virinos which are small pieces of nucleic acid coated with protein. Satellite viruses: These are defective viruses that can replicate only in the presence of a helper virus. Examples: the adenoassociated virus (AAV) can replicate only in cells which are also infected with adenovirus; and the delta agent (a naked strand of RNA) that is expressed only in the presence of hepatitis B virus. Viroids: These are the smallest known infectious agents. Some viroids are single-stranded circular RNA molecules; others are linear single-stranded RNA molecules. Each has 270 to 380 nucleotides. They contain no protein coat. They infect only plants, causing potato spindle tuber disease, citrus exocortis, chrysanthemum stunt, cucumber pale fruit diseases, and cadang cadang in coconuts. DETECTION AND CONTROL OF VIRAL INFECTIONS (Fig. 6.24, p. 186) Physicians often use specific clinical symptoms to guide diagnosis. A clinical specimen can be directly examined with an electron microscope or be injected into an animal or tissue culture. Cytopathic changes in cells or tissues are observed. Herpesviruses are identified on this basis. Serologic tests and polymerase chain reaction (PCR) are also used. TREATMENT OF ANIMAL VIRAL INFECTIONS Antibiotics cannot be used for viral disease treatment because the drugs work against cellular components in bacteria which are not found in viruses. Antiviral drugs do not kill the viruses. They simply block virus replication. They also cause side effects. Azidothymidine (AZT) has severe toxic side effects such as immunosuppression and anemia. Interferon, a protein produced by human cell, also suppresses immune responses and causes fever, chills, loss of appetite, nausea, vomiting, headache, muscle and joint pain, seizures and cardiac complications. Prevention is better than cure. Vaccines are most valuable in prevention of any diseases. Unfortunately, vaccines are available only for a limited number of viral diseases.
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Chapter 7 ELEMENTS OF MICROBIAL NUTRITION, ECOLOGY AND GROWTH MICROBIAL NUTRITION All living things must obtain energy and matter in order to survive. Energy is required for cellular growth. It can be supplied by radiant energy or by chemical energy obtained from the organic or inorganic matter. Matter is made up of different types of elements. The elements that must be acquired by the organisms constitute the nutrients for the cells. They can be in the forms of molecules, atoms, ions, organic or inorganic compounds. The organic compounds are the substances that contain carbon. The inorganic compounds contain no carbon. Larger compounds have to be broken down by the extracellular enzymes into smaller constituents before they can be assimilated into the cells. In order for the nutrients to enter the cell, they must be in a liquid form. So, water is an absolute essential compound for all living things. Water also serves as a medium in which chemical reactions take place. Despite the diversity of nutritional requirements by various organisms, there are six basic elements that form the universal constituents of protoplasm. They include carbon, nitrogen, hydrogen, oxygen, sulfur and phosphorus. Since they are needed in large quantity, they are known as macronutrients. Micronutrients or trace elements such as manganese, zinc and nickel are required in much smaller amounts. They are involved in enzyme function and maintenance of protein structure. CHEMICAL ANALYSIS OF MICROBIAL PROTOPLASM The chemical composition of a bacterial cell reflects it nutritional requirement. Table 7.3 (p. 194) shows the chemical composition of Escherichia coll. SOURCES OF ESSENTIAL NUTRIENTS The environment is the source of essential nutrients. Carbon Sources: Carbon dioxide makes up about 0.033% of the earth's atmosphere. It is needed to form the backbone of three major classes of organic nutrients: carbohydrates, lipids and proteins. Organisms that use organic compounds as their major carbon source are called heterotrophs. Those that use carbon dioxide as the major or sole source of carbon are called autotrophs. They utilize inorganic molecules. Nitrogen Sources: Nitrogen makes up about 79% of earth's atmosphere. It is required to synthesize amino acids which are linked together to form proteins. Some bacteria can utilize atmospheric nitrogen in a process called nitrogen fixation in which nitrogen is converted into ammonia, nitrites and nitrates which can be used to synthesize amino acids (Fig. 7.1, p. 194). Oxygen Sources: Oxygen makes up 20% of earth's atmosphere. It is a major component of organic compounds and inorganic salts. It plays an important role in the structural and enzymatic functions of the cell.
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Hydrogen Sources: Hydrogen is a major element of organic and inorganic compounds. It maintains pH, forms hydrogen bonds, and plays an important role in cellular respiration. Phosphorus (Phosphate) Sources: The inorganic source of phosphorus is phosphate (PO4- 3). It is needed for synthesis of nucleic acids, adenosine triphosphate (ATP), phospholipids and coenzymes such as NAD and NADP. Sulfur Sources: Sulfur is needed for synthesis of amino acids: cysteine, cystine and methionine, and certain vitamins. Sulfur is available in the form of sulfate (SO42-). Other Nutrients Important in Microbial Metabolism: Potassium (K+) is essential to protein synthesis and membrane function. Sodium (Na+) ion is required by the permease to transport sugar melibiose into Escherichia coli. Calcium (Ca2+) is a stabilizer of the cell wall and endospores. Magnesium (Mg2+) is a component of chlorophyll and a stabilizer of membranes and ribosomes. Iron (Fe2+) is a component of cytochromes, catalase and succinic dehydrogenase. Trace elements are required in extremely small amounts (a few milligrams per liter). They include zinc (Zn2+), copper (Cu2+), manganese (Mn2+), molybdenum (Mo6+) and cobalt (Co2+). They are required by some but not others to activate enzymes. Mo6+ is required by nitrogenase to convert atmospheric nitrogen (N2) to ammonia (NH3) during nitrogen fixation. Growth Factors: Essential Organic Nutrients A growth factor is an organic compound such as an amino acid, nitrogenous base or vitamin that cannot be synthesized by an organism and must be provided as a nutrient. Those amino acids that an organism cannot synthesize are called essential amino acids. HOW MICROBES FEED: NUTRITIONAL TYPES Based on the source of carbon, microorganisms can be defined as autotrophs if they use inorganic carbon, and heterotrophs if they use organic carbon. Based on the energy source, they can be defined as phototrophs if they use light, and chemotrophs if they oxidize chemical compounds. I. Autotrophs (Lithotrophs): They obtain their energy from solar radiation or simple inorganic chemicals, and carbon from carbon dioxide. They do not have to depend on other organisms for survival. They represent the most primitive forms of organisms. They can be further divided into two groups: 1. Photoautotrophs (Phototrophic lithotrophs): These organisms obtain their carbon source from carbon dioxide, and energy from sunlight of longer wavelengths (500-900 nm) for photosynthesis. They possess bacteriochlorophylls which are found in special structures called chromatophores. They use inorganic substances such as hydrogen sulfide (H2S) as electron donor. Since they do not use water as an electron donor, they never produce oxygen. They are all obligate anaerobes. Their enzyme systems that allow them to carry on photosynthesis will not function in the presence of oxygen. Photoautotrophs are found in three families of bacteria: Chlorobacteriaceae--the green sulfur bacteria; Thiorhodaceae--the purple sulfur bacteria, and Athiorhodaceae the brown and purple non-sulfur bacteria.
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2. Chemoautotrophs (Chemolithotrophs): These organisms utilize only the simple inorganic substances (NH3, H2S, S, H2) as electron donors to provide energy, and carbon dioxide as the sole source of carbon. Since they do not depend on light as the energy source, they can grow in the dark. Most chemoautotrophs are either aerobic or microaerophilic. Depending on the types of inorganic substances they utilize, they are known as hydrogen bacteria (Hydrogenomonas) if they use hydrogen; iron bacteria (Ferrobacillus) if they use iron; sulfur bacteria (Thiobacillus) if they use sulfur compounds; and nitrifying bacteria (Nitrosomonas) if they use nitrogen, ammonia or other nitrogen compounds. II. Heterotrophs (Hetero, others; trophs, nourishment): They are also known as organotrophs. They obtain their carbon source only from the organic compounds produced by other organisms. They are not able to use carbon dioxide from the air as a source of carbon. They can be divided into two groups: 1. Photoheterotrophs (Photoorganotrophs): They utilize radiant energy and organic compounds as the source of carbon. In the presence of light, they carry on photosynthesis. The source of carbon comes from organic compounds instead of the usual carbon dioxide from the atmosphere. In the dark, they simply carry on aerobic respiration. They acquire their energy and carbon both from the organic compounds. 2. Chemoheterotrophs (Chemoorganotrophs): They are the most widely distributed in nature. They obtain their energy and carbon from the oxidation of the organic compounds produced by other organisms, specifically the autotrophs. Saprophytes and parasites are the two groups of chemoorganotrophs. Saprophytes (Saprobes): They usually obtain their nourishment both from dead or living organic matter. If they can obtain their nourishment both from the dead or the living organic matter they are known as facultative saprophytes. If they obtain their nourishment only from the dead organic matter and are not able to survive on living host, they are called obligate saprophytes. Saprophytes are primarily responsible for the decomposition of organic compounds and the recycling of elements in nature. Parasites: These organisms obtain their nourishment from the living host. If they obtain their nourishment strictly from the living host and are unable to survive outside the host, they are called obligate parasites. If they obtain their nourishment from both the living host and also from the dead organic matter, they are called facultative parasites. Hypotrophs are obligate intracellular parasites such as viruses, rickettsias, chiamydias and some bacteria. TRANSPORT MECHANISMS FOR NUTRIENT ABSORPTION Simple diffusion is the movement of particles from a region of higher osmotic concentration to a region of lower concentration. Osmosis is the movement of water through a semi-permeable membrane from a region of higher water concentration to a region of lower concentration. The force that drives water through the membrane is called the osmotic pressure. The swelling of a cell is known as plasmoptysis. If the cell has no cell wall, it will burst. The bursting of a cell when it is placed in a hypotonic solution is known as lysis. The rupturing of red blood cells is called hemolysis. Plasmolysis is the shrinking of a cell when it is placed in a hypertonic solution. The shrinking of red blood cells is called crenation. In an isotonic solution, the cell will remain the same size. It will neither shrink nor swell.
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Facilitated diffusion is the movement of particles from a region of higher concentration to a region of lower concentration through a semi-permeable membrane. It requires a carrier molecule (pennease) and the cell does not have to spend energy to accomplish this process. Active Transport: Bringing in Nutrients Against a Gradient Active transport is the movement of particles from a region of lower concentration to a region of higher concentration through a semi-permeable membrane. It requires a carrier molecule (permease) and the cell has to spend energy to accomplish this process (Fig. 7.8, p. 201). Group translocation is a type of active transport in which a nutrient (glucose or fructose) is transported and converted to a substance by adding phosphate to prepare it for the next stage of metabolism. Bulk Transport: Eating and Drinking by Cells: Large molecules, particles, liquids or even other cells can be transported across the cell membrane through bulk transport. They can be transported into the cell by endocytosis. If the particles are in solid form, the process is called phagocytosis. If they are in liquid form, the process is called pinocytosis. ENVIRONMENTAL FACTORS THAT INFLUENCE MICROBES To grow microorganisms, proper physical environment must be provided. The physical conditions for cultivation of microorganisms include temperature, pH, gaseous atmosphere, and osmotic pressure. TEMPERATURE ADAPTATIONS: The growth rate is defined as the number of cell divisions per hour. The rate becomes doubled for every increase of 10°C. The temperature at which an organism can grow most rapidly is known as the optimum growth temperature. The cardinal temperatures refer to the minimum, optimum, and maximum growth temperatures of a species of microorganisms. They may vary according to the stage of development in the life cycle, and the nutritional content of the medium. Temperature can affect the growth rate, type of reproduction, morphology, metabolic processes, and nutritional requirements. Based on temperature requirements, microorganisms can be divided into three groups: 1. Psychrophiles (cold-loving, 0° - 20° C): Pseudomonas, Flavobacterium and Alcaligenes. 2. Mesophiles (moderate temperature-loving, 25° C - 45° C): saprophytic bacteria, fungi, algae, and protozoa. Most pathogenic microorganisms are mesophiles. 3. Thermophiles (heat-loving, 45° to above 90° C): Bacillus stearothermophilus, Pyrodictium occultum (110°C), Pyrococcus woesei (104.8° C), and Thermococcus celer (103° C). They are able to grow at such a high temperature because of their ability to produce enzymes at a rapid rate, and the enzymes are quite heat stable. Psychroduric or cryoduric organisms can endure freezing temperatures but they do not multiply. Thermoduric organisms can endure high temperatures but they do not multiply. GAS REQUIREMENTS: Some gases are used in metabolism. For anaerobes, oxygen has to be excluded as it becomes toxic to the cells. Carbon dioxide and oxygen are the two principal gases that affect the growth of microbes. Based on gaseous requirements, the following physiological groups are recognized: 1. Aerobic Microorganisms (Aerobes): These microbes grow well in the presence of
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atmospheric oxygen. Those that cannot grow without free oxygen are called obligate aerobes. They use oxygen as the final electron acceptor in metabolism so as to generate more energy. They are often cultivated on a mechanical shaker to increase oxygen supply and cell yield within a shorter incubation time. Examples of aerobes include filamentous molds, Mycobacterium, Legionella, Bacillus and Pseudomonas. 2. Facultative Anaerobes: These organisms can grow in the presence or absence of oxygen. They can carry out fermentation process in the absence of oxygen. Examples: Escherichia coli and Saccharomyces cerevisiae. 3. Microaerophiles (Microaerophilic Microorganisms): Microaerophiles grow only in the presence of minute quantities (1 to 15%) of free oxygen. Actinomyces israelii, the cause of lumpy jaw in humans, Treponema pallidum, the cause of syphilis and Campylobacter jejuni, the cause of diarrhea, are the examples. 4. Anaerobic Microorganisms (Anaerobes): These organisms grow only in the absence of free oxygen. Obligate (strict) anaerobes cannot grow in the presence of oxygen. The important anaerobes are Clostridium, Bacteroides, Fusobacterium. and the protozoan Trichomonas. The oxygen reacts with water to form hydrogen peroxide. 02. + 2H20 ---------------- > 2H202 (hydrogen peroxide) The hydrogen peroxide dissociates to form hydroxyl ion (OH- ) which is toxic to the cells. The anaerobes produce neither catalase which breaks down hydrogen peroxide to molecular oxygen, nor peroxidase which converts hydrogen peroxide into water. A toxic radical called superoxide anion is formed when an oxygen molecule accepts a single electron. The ion can damage the cells. 02 + e ------------------- > 02 (superoxide anion) The anaerobes do not produce superoxide dismutase to break down the superoxide anion. The superoxide anion can also give rise to hydrogen peroxide which releases OH- ions. 202- + 2H+



-------------------------------------------



> H2O2



The hydroxyl ions are short-lived (1/10,000 seconds). They are very reactive. They can damage any kind of molecules. Anaerobes can be cultivated in thioglycollate broth, in GasPak anaerobic jar in candle jar, and in an anaerobic chamber or anaerobic glove box in which the atmosphere inside the chamber has been replaced with a mixture of hydrogen, carbon dioxide and nitrogen. A palladium catalyst inside the chamber removes any residual oxygen. The candle jar method is inadequate for the cultivation of strict anaerobes (Fig. 7.12, p. 207). Many anaerobic microbes of medical importance can tolerate low levels of oxygen. 5.



Aerotolerant anaerobes do not utilize oxygen but can survive in its presence. Certain lactobacilli and streptococci use manganese ions or peroxidases to break down peroxides and superoxide. 6. Capnophiles are microorganisms that require a 3-10% increase in the level of CO2 to grow. Examples of capnophiles are Neisseria (causes gonorrhea, meningitis), Brucella (causes undulant fever), and Streptococcus pneumoniae.
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EFFECTS OF pH: Bacteria grow best between pH 6 and 8. Most human pathogens grow at a pH of 6.5 to 7.5. Some Thiobacillus can grow at pH as low as 0.5. Some can grow below pH 2. Vibrio cholerae can tolerate a pH of 8. Others can grow above pH 8. Fungi grow in a pH range of 2.2 to 9.6. They grow best at a pH of about 5 to 6. The optimum pH for protozoa is between 6.7 and 7.7, and for algae is between 4 and 8.5. During cultivation, the pH of the medium may change. Buffer may have to be added to adjust the pH. OSMOTIC PRESSURE: Osmotic pressure is the force created within a cell when water moves through a semi-permeable membrane of the cell placed in a hypotonic solution. Two groups of microorganisms that require high solute concentration are the osmophiles and the halophiles. The osmophiles are adapted to a solution with a high osmotic pressure. This term is reserved for those microorganisms that can withstand a high concentration of sugars but not salts. Most osmophiles can grow at 1% glucose. Some can grow at 30% glucose which would have caused plasmolysis in most microorganisms. Examples of osmophiles are the yeasts. The halophiles are the salt lovers. They prefer to grow in a hypertonic environment that usually inhibits the growth of nonhalophilic species. If they are placed in a hypotonic solution (below 0.5% of salt), the cells will burst because their cell wall is weak as they contain a smaller amount or no muramic acid. Halophiles can be divided into two groups: moderate halophiles (facultative halophiles) which can grow in 1-20% NaCl; and the extreme halophiles (obligate halophiles) which have to have at least 15% to 31% of NaCl to grow. The examples of moderate halophiles are Staphylococcus aureus and some of the marine bacteria. Halobacterium salinarium, H. cutirubrum and the bacteria found in the Dead Sea which has a salt concentration as much as 29%, are the extreme halophiles. These microorganisms require high osmotic pressure to maintain the integrity of the cell membrane, enzymes and ribosomes to carry on the maximal rate of protein synthesis. MISCELLANEOUS ENVIRONMENTAL FACTORS Hydrostatic pressure is the pressure exerted by water on the surface of a cell. Microorganisms that can tolerate high hydrostatic pressure of 50 or more bars (atmospheric pressure) in the ocean depth of over 500 meters are known as barophiles. If they are brought to the surface, they die because their gas vesicles expand and rupture the cells. ECOLOGICAL ASSOCIATIONS AMONG MICROORGANISMS In the environment, organisms always have to interact with one another. The following associations are known: Symbiosis is the relationship between two or more different species of organisms that live together. There are three types of symbiosis. Commensalism is a type of symbiotic relationship in which one species, the commensal, benefits and the other species, coinhabitant, is unharmed. An example is the bacteria that live on our skin. Another example is the satellitism exhibited by two interacting microorganisms in which one provides nutritional or protective factors to the other. The provider receives no benefit in return. Mutualism is a symbiosis in which both species
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benefit from the relationship. An example is the bacteria that live in our intestines. Parasitism is a symbiosis in which one species benefits and the other species is harmed. An example is the pathogen in our bodies. Synergism is the interrelationship between two or more organisms that work together and exert an effect far greater than the sum of the effect exerted by the individual organisms. For example, if Staphylococcus aureus and Proteus vulgaris are mixed and then inoculated into mice, they will kill the mice. They will not kill the mice if injected separately. Antagonism is the relationship between two organisms in which one antagonizes the other. An example is Penicillium notatum antagonizes Staphylococcus aureus. This form of antagonism is called antibiosis as Penicillium secretes antibiotic to destroy other organisms. Some bacteria produce bacteriocins (a class of proteins) that inhibit the growth of other microorganisms. INTERRELATIONSHIPS BETWEEN MICROBES AND HUMANS The microorganisms that normally live in or on our bodies are called the normal microbial flora. They produce vitamins B and K. Under normal conditions, they cause no harm. Some of them are opportunists which invade our bodies only when the tissues are injured or the level of host immunity is lowered due to diseases or chemotherapy. THE STUDY OF MICROBIAL GROWTH Growth is an increase in cells number and/or cell size. Some microorganisms reach a maximum population within 24 hours of culture. Other organisms take a longer incubation to reach maximum growth. THE BASIS OF POPULATION GROWTH: BINARY FISSION Bacteria reproduce asexually by binary fission in which a parental cell simply splits into two identical daughter cells (Fig. 7.15, p. 212). In preparing for cell division, the cell contents become doubled, and the nucleoid is replicated. The cytoplasmic membrane invaginates into the cell to separate the nuclear material. Cell division occurs along the short axis of the cell. THE RATE OF POPULATION GROWTH The generation time is the time interval in which the population becomes doubled. The generation time for Escherichia coli is 12.5 minutes, and Mycobacterium tuberculosis is 13 to 15 hours. Generation times are influenced by the nutritional composition of the medium and the conditions of incubation. The number of cells produced after a certain number of cell division can be expressed as 2° where n stands for the number of cell division. The cells increase exponentially by geometric progression. Mathematical Expressions of Growth: The final population N of a culture can be expressed as N=1x2



n



Since more than one cell is introduced in a culture medium, so the equation can be rewritten as:
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n



where n stands for the number of generations. By taking the logarithm, the equation becomes: logloN = log10No + n log10 2. The number of generations is: l logloN - log 10N0 ogloN - logtoNo n = ------------------------------- = ------------------------------ = 3.3 (logloN - log 10N0) log10 2 0.301



If we start with 1,000 cells and end up with 100,000,000 cells, the number of generations is: n = 3.3 (log10 100,000,000 – log10l,000) = 3.3 (log10 108 – log10 103) = 3.3 (8-3) = 16.5 generations



If 16.5 generations have occurred in 5 hours, then the growth rate (R) is: n 16.5 Growth rate (R) = ------- = ------------ = 3.3 generations per hour t 5



where n refers to the number of generations, and t stands for the time interval. Since 3.3 generations take one hour, then one generation (g) will take: t 1 hour Generation time (g) = --------- = --------------------- = 0.3030 hours per generation n 3.3 generation = 0.3030 x 60 minutes = 18.18 minutes per generation = 18 minutes and 0.18 x 60 seconds per generation = 18 minutes and 10.8 seconds per generation The generation time (g) is the time interval in which the population becomes doubled. In this example, it takes 18 minutes and 10.8 seconds for the population to become doubled. THE POPULATION GROWTH CURVE A growth curve can be constructed by counting the number of cells over a time period after a sterile medium has been inoculated (Microfile 7.9, p. 214). STAGES IN THE NORMAL GROWTH CURVE (Fig. 7.17, p. 215) The growth pattern of bacteria in a confined condition such as in a test tube, invariably undergoes four distinct phases:
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1. Lag phase: This is the time interval between the time when the cells are introduced into a new medium and the time when the cells begin to divide. It may take a few minutes to several hours. The cells begin to adapt to the new environment. They absorb nutrients and synthesize enzymes, ribosomes and nucleic acids to prepare for cell division. During this phase, there is an increase in metabolic activity and cell size. 2. Log phase (Logarithm or Exponential phase): This is the time interval in which the bacteria multiply rapidly until a maximum number of cells is attained. The maximum number of cells ranges from 100 million to 1,000 million per milliliter. They multiply by geometric progression, taking full advantage of the available food and space. This phase lasts from 15 minutes to several days. The time interval required for the microbial population to become double is known as the generation time. 3. Stationary phase: In this phase, the microbial population maintains at a constant. It has reached a plateau and remains at the high level for quite some time. The number of cells that is produced is equal to the number of cells that dies off. There is no net gain or loss in terms of cell number. The population size is confined by the environmental factors. 4. Death phase (Phase of decline): It is the time interval in which the microbial population rapidly declines. It may last for several days or even months depending on the species. For the non-sporeformers, they will eventually die because of the exhaustion of nutrients and oxygen (for the aerobes), pH changes and the accumulation of metabolic wastes. Lysis of cells occurs. The sporeformers produce spores before they die. The spores can withstand the harsh conditions. Practical Importance of the Growth Curve: From the learning of microbial growth patterns one can evaluate the effectiveness of drugs and the safety of vaccines. Microorganisms in the exponential growth phase are more susceptible to antimicrobial agents. OTHER METHODS OF ANALYZING POPULATION GROWTH Enumeration of Bacteria: Qualitative detection can be done with naked eyes by looking for the cloudiness in the test tube or growth on agar plate. Quantitative detection is done by measurement of cell count, cell mass and cellular metabolism. Microscopic Count (Breed Smear Technique): A smear is prepared with 0.01 ml of a well-mixed bacterial suspension which is spread over in an area of 1 square centimeter (cm2). The smear is air dried, stained with methylene blue and then observed under oil-immersion lens. The number of bacterial cells per microscopic field is counted. A total of 50 microscopic fields is often counted. The average of these counts is multiplied by the total number of the microscopic fields in the smear. This number is then multiplied by 100 (the dilution factor) to give the number of cells per 1 ml of the original suspension. Proportional Counting: A measured volume of yeast cells or polystyrene latex spheres is mixed with a measured volume of an unknown specimen. By examining the mixture, one can determine the number of the unknown organism.
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Counting Chamber: The total counts can be obtained by using the Helber counting chamber and Petroff-Hausser counting chamber. These are slides which have a depression area bordered by a deeper trough. The area is marked with small squares of equal size and volume. When a bacterial suspension is pipetted onto the slide and covered with a coverslip, it can then be observed under a microscope. The total number of bacterial cells per unit volume of the suspension can be calculated. This method counts the viable and the nonviable cells. In yeast cell count, methylene blue can be used as a vital dye which stains only the dead cells. So, staining of yeast cells will provide information on the viable and nonviable cell counts. It cannot be used in bacteria differential count because both the dead and the live bacterial cells will pick up the stain. Electronic cell count : Coulter Counter is an electronic counting instrument which is based on the changes in the electrical conductivity between the bacterium and the medium (Fig. 7.20, p. 217). When a bacterial suspension passes through the orifice of the instrument into a small tube, the conductivity drops. The change in conductivity is registered and recorded on the counter. This instrument is accurate and time-saving. It is often used in hematology to count the different types of blood cells. The disadvantages are that the dust particles are also counted and the orifice may be clogged. Plate Count (Viable Count): This technique is based on the assumption that when one viable cell is plated on an agar plate, it will give rise to a colony. The number of colony count is reported as the colony-forming unit (CFU). To count the number of cells in a suspension, serial ten-fold dilutions of the suspension are made. One milliliter from each of the dilutions is removed and plated on an appropriate medium in a Petri dish. After an appropriate incubation, the number of colonies on each plate is counted. A Quebec colony counter, an automatic colony counter or a Petri-Scan counter can be used to count the number of colonies in each plate. The plates which have the colony count between 30 and 300 colonies are used to estimate the number of cells in the original suspension. This method has its drawback. It only provides information on the viable cells. The fastidious organisms may not grow under the conditions (types of medium, incubation temperatures, oxygen requirement) used in plating. Even the bacteria that can grow under the conditions may clump together to form only a single colony. This may distort the actual count. Notwithstanding, this method is the most routine technique used in laboratories in estimating the number of viable cells. Turbidity (Turbidimetric Method): (Fig. 7.18, p. 216) This method measures the turbidity (opacity) of the bacterial suspension with a spectrophotometer or nephelometer. It is based on the fact that an increase in cell number will cause an increase in turbidity of the suspension. An increase in fluid turbidity or optical density (OD) causes a decrease in the light transmission which can be measured with the meter. A bacterial sample is placed in an optically clear test tube such as the Brown's opacity tube, and its opacity is compared with the standard containing a known number of organism of the same species. This method is most accurate for suspension that contains moderate density of cells. It does not provide information on the viability of the cells. Dry Weight: An increase in cell mass can be detected by measuring the dry weight of organisms. In the case of fungi, the cells grow into a mat-like structure known as the mycelium. It can be taken out, washed, dried in an oven and weighed. In the case of bacteria, the culture tube is centrifuged and the supernant is discarded. The tube is dried and then weighed. The difference in weight before ' and after treatment is the cell mass. This technique is impractical when the cell count is low.
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Bacterial growth is a result of an increase in cellular activities. This in turn results in an increased synthesis of organic chemicals such as proteins, enzymes, nucleic acids and metabolites which can be qualitatively and quantitatively measured.
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