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PREAMBLE
           Fundamental knowledge about the structure and functioning of microbe cells, the main regularities of interaction of microorganisms with the environment and with the human body are important areas of formation of biological and medical knowledge. They are the basis for understanding and solving the main tasks of medical Microbiology – diagnosis, prevention and therapy of infectious diseases. The use of microbiological techniques to detect and identify the pathogen and deliver the etiological diagnosis. Knowledge of sanitary Microbiology is aimed at the decision and epidemic prevention tasks. Mechanisms and regularities of the infectious process required for the formation of clinical thinking and implementation of effective treatment of infectious diseases.
           The purpose of textbook – to form a conception about the microorganisms, their structure, physiology, ecology and interaction with macroorganism in the infectious process framework.

           The purpose of studying this area is the formation of professional competences stated in the FSES  for the specialty "Medical care":
CPC 7 - ready to use main physical-chemical, mathematical and other science concepts and methods in solving professional tasks 
CPC 8 - willingness for the medical use of drugs and other substances and their combinations in the solution of professional tasks 

PC 1 – ability and willingness to implement the complex of measures aimed at the preservation and promotion of health and includes the promotion of healthy lifestyles, prevention and (or) distribution of diseases, their early diagnosis, the identification of the causes and conditions of their emergence and development, as well as to eliminate the harmful effects on human health of environmental factors of its habitat
THE BASIC RULES AND PRECAUTIONS IN A BACTERIOLOGICAL LABORATORY
You have to learn and strictly follow all basic rules of laboratory practice. It is very important part of bacteriological work, because the rules protect us from pathogenic microorganisms and from fire Microbiology lab is a place where high standards of behavior are required. Also a sense of responsibility and carefulness are required. They are necessary for the improvement of academic values but also for the personal safety and guard. After your first entry in microbiology lab, you will be explained the conduct, discipline and precautions required for your own safety. It is a lab where you will handle living cultures of microorgan​isms. Although, in the beginning, the pathogenic microorganisms will not be used, all the cultures need same respect and good technique while handling them. You should learn at this crucial stage, how to handle the living cultures so that when exercises with pathogenic bacteria are carried out in future, proper safety techniques and precautions will be  a part of your reflexive laboratory techniques. Therefore, every safety precaution should be practiced at all times for the safety of all concerned.

Another important aspect which should be emphasized by all working in the microbiology lab is a thoroughly clean, well-ordered environment. Only such an environment will provide guarantee of good aseptic technique, reliable results and, above all, a better learning. The microorganisms in specimens or cultures, pathogenic or nonpathogenic, should not be allowed to disperse or spread and also environ​mental microorganisms should be prevented from entering the specimens or cultures (a process known as contamination) and interfering with results of studies. 

This can be accomplished by adopting the following rules and precautions:

· Before entering to the lab, street coats, jackets, chaddars and other outwear must be removed. This will prevent you from fire or contamination hazard.

· Always wear a clean medical white gown and medical cap before lesson in the lab. This will protect your skin and your street clothes from contamination by microorganisms which you work with. If you forget your gown or cap you may take them temporarily at our department (only as exclusion).

· Always wear your second shoes before lesson in lab. If you forget your second shoes you may purchase disposable shoes covers at our department (only as exclusion).

· Long hair should be bound back neatly (put under cap), away from the shoulders.

· Wash your hands before and after the lab work, irrespective of its kind, with an antiseptic soap or any suitable disinfectant.

· Keep fingers, pencils, pens, and other objects out of tubes and Petri dishes with bacteria and of your mouth too.
· Do not smoke, drink, or eat in the lab. Avoid applying cosmetics in the lab.

· Do not wander about, create noise, or loudly talk while working in the lab. This can provoke accidents, distract others, and promote contamination.

· Always work with bacteria near the spirit burner and transfer all the cultures with sterile wire loop. Be certain that a contaminated loop is properly sterilized in the flame before resting it.

· Avoid spattering of alive bacteria by heating the contaminated loop gradually in the flame. 

· Always keep tubes with cultures in tube racks.

· Immediately notify a teacher about any spillage of bacterial cultures in order to ensure immediate disinfec​tion.

· Never remove any culture, glassware, media, or any chemical reagent from the lab. 

· Discard all solid waste material (used glasses, pipettes) into a special vessel with disinfectant.

· Discard dyes in the sink in another special room. Also do not discard contaminated cultures, glassware, or slides in the sink.

· Use all the lab equipments and glassware with utmost care. Report any malfunctioning of any equipment to your teacher.

· After finishing work in the laboratory your work place must be cleaned and in perfect order it must be same as before your enter. 

ТОPIC 1.  HISTORY OF MICROBIOLOGY.  MORPHOLOGY OF MICROORGANISMS 
1.1.  HISTORY OF MICROBIOLOGY.  METHODS APPLIED FOR STUDY OF MICROORGANISMS MORPHOLOGY
I. Home work.

1) Reading and learning of “Textbook of Microbiology” 
The questions for study:

1. History of microbiology. The basic scientists and their advances.

2. Optical microscopy. The total magnification of a micro​scope. The resolving power.

3. Microscopically methods. Principles of immersion, phase contrast, dark field, fluorescent and electron microscopy. Applying of different kinds of microscopy.

2) Draw this table in your workbook before class and fill in all empty fields: 
Methods of Microscopy
	Kind of microscopy
	Type of rays and principle of image forming 
	Resolving 

Power
	What purposes this kind of microscopy applied?

	Light Immersion
	
	
	

	Phase Contrast
	
	
	

	Dark Field
	
	
	

	Fluorescent Microscopy
	
	
	

	Electron Microscopy
	
	
	


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part. 

The questions for discussing

1. History of microbiology. The basic scientists and their advances.

2. Optical microscopy. The total magnification of a micro​scope. The resolving power.

3. Microscopical methods. Principles of immersion, phase contrast, dark field, fluorescent and electron microscopy. Applying of different kinds of microscopy.

THE THEORETICAL REFERENCE
History of microbiology. The basic scientists and their advances
Heuristic stage (IV-III Millennium BC XVI century ad) is associated rather with the logical and methodological techniques to finding the truth, i.e. heuristics than with any experiments and evidence. However, the proof of the existence of invisible pathogens became possible after the invention of the microscope. The priority in the discovery of microorganisms owned by a Dutch naturalist Amateur Antoni Leeuwenhoek. Studying under the microscope of various objects (water, infusions, plaque, blood, stool, semen), A. Leeuwenhoek observed tiny animals, which he called animalcules. Your observations A. Leeuwenhoek regularly reported in the Royal society, and in 1695 summarized in the book "the Secrets of nature, discovered by Anthony Leeuwenhoek". Thus, with the invention of the microscope A. Leeuwenhoek begins the next stage in the development of Microbiology, called morphological.
Morphological stage. Although the emergence of disease and was associated with the now exposed microorganisms, however, necessary to have direct evidence. The mode of occurrence and reproduction of microorganisms was resolved by outstanding french scientist Louis Pasteur, who, in a witty, ingenious in its simplicity experience has shown that spontaneous generation does not exist. The rapid development of Microbiology in the nineteenth century led to the discovery of the causative agents of many infectious diseases (anthrax, plague, tetanus, diphtheria, dysentery, cholera, tuberculosis, etc.).

Physiological period. The discovery of new microorganisms was accompanied by the study of not only their structure, but also of viability. This stage is associated with the name of L. Pasteur, who was the founder of medical Microbiology and immunology and biotechnology. Versatile and educated, a brilliant experimenter, a member of the French Academy of Sciences and French Academy of medicine, L. Pasteur made some remarkable discoveries. For the short period from 1857 to 1885 he proved that fermentation (lactic acid, alcohol, acetic acid) is a chemical process, and its cause microorganisms; refuted the theory of spontaneous generation; discovered the phenomenon of anaerobiosis, i.e. the possibility of life of microorganisms in the absence of oxygen. The physiological period in the development of Microbiology was also associated with the name of the German scientist Robert Koch, who owns the development of methods of obtaining pure cultures of bacteria, staining of bacteria by microscopy, micrograph. Also known formulated R. Koch triad Koch, which is still used in establishing the causative agent.
P. Ehrlich was a German chemist put forward humoral (from lat. humor. liquid) theory of immunity. He believed that the immune system occurs resulting in the formation of antibodies that neutralize the poison. Proof of this was the discovery of antitoxins - antibodies, neutralizing the toxins in animals, which were injected with diphtheria or tetanus toxin (E. Behring, S. Kitasato). However, studies of I.I. Mechnikov (1845-1916) showed that a large role in the formation of the immune system play a special cells: macro - and microfuge. These cells engulf and digest foreign particles, including bacteria. The research conducted by I. Mechnikov on phagocytosis convincingly demonstrated that, in addition to humoral, cellular immunity exists. I. Mechnikov, a close associate and follower of L. Pasteur, is deservedly considered one of the founders of immunology. His work initiated the study of immunocompetent cells as a morphological basis of the immune system, its unity and biological entity.
Immunological period was characterized by the opening of the main reactions of the immune system in genetically foreign substances (antigens): antibody formation and phagocytosis-delayed-type hypersensitivity (DTH), immediate hypersensitivity (GNT), tolerance, immunological memory. DTH and GNT two reactions underlying Allergy (from the Greek. allos. other and ergon. action), i.e., diseases characterized by certain clinical symptoms, due to aberrant, perverse reaction to the antigen. Allergic reactions can occur, for example, for serum preparations, antibiotics, animal and vegetable proteins, house dust, feathers, wool, etc. In 1915 Russian doctor M. Paradise became  first who  observed the phenomenon of immunological memory, i.e. quick vigorous antibody production on repeated administration of the same antigen. Subsequently, F. Burnet linked it with the formation of the body of the memory cells - T lymphocytes - after the initial encounter with antigen. In 1953, the English scientist P. Medawar and Czech scientist M. Hasek discovered the phenomenon of tolerance, immunity to the antigen, i.e., a condition in which the immune system does not react to the antigen. Tolerance to self antigens is formed in the embryonic period, and it is possible to artificially create by injecting the antigen in the embryonic period or immediately after the birth of a child or animal. The phenomenon of immunological tolerance is used in surgery when the solving to the problem of transplantation of organs and tissues.
However, the most acceptable explanation for many phenomena and mechanisms of immunity remains clonale-selection theory, developed by Australian immunologist F. Burnet (1899.1986). American scientist S. Tanigawa developed genetic aspects of this theory. Especially the rapid development of Microbiology and immunology in the 50-60-ies of our century. This was facilitated by the following reasons: the most important discoveries in the field of molecular biology, genetics, bioorganic chemistry; the emergence of new sciences, such as genetic engineering, biotechnology, computer science; the creation of new methods and scientific equipment, allowing to penetrate deeper into the mysteries of nature.

Thus, with the 50-ies in the development of Microbiology and immunology the molecular-genetic period began, which is characterized by a number of fundamentally important scientific achievements and discoveries. This work really began in the 1940s, when  O. Avery, C. MacLeod and M. McCarty demonstrated that the transforming principle in bacteria, previously observed by F. Griffiths in 1928, was DNA. J. Lederberg and E. Tatum demonstrated that DNA could be transferred from one bacterium to another in 1944. With the determination of the structure of DNA in 1953, a new and practical aspect of microbiology suddenly became realised, and the foundations of genetic engineering were laid. It is perhaps important to realize that if it were not for bacteria and their characteristics, genetic engineering would not be possible. The concept of DNA transfer was essentially born in the 1940s. Later on, in the late 1960s bacterial restriction enzymes were discovered and the possibilities of splicing and rearranging DNA emerged. The advances in molecular biology following these major breakthroughs have been immense but it is important to realize that the field of microbiology lies at their root.
Components of microscope
The microscope is composed of various components classified into four systems as shown in the following. 

1. The support system. The support system consists of the main body components including the foot, limb, revolving nosepiece, stage and mechanical stage.
2. The magnification system. This system consists of two groups of lenses. The first group of lenses is fixed at the bottom of a long metallic tube, the body tube, just above the specimen under examination (mount). It is called objective. The second group of lenses is at the top of the body tube where the microscopist applies his eye. It is referred to as eye piece or ocular.

The objectives. A compound microscope usually contains three types of the objective lenses: low power (10-20×), high dry power (40×), and oil immersion objective (90-100×). Table 1 illustrates important properties of these objectives. The oil immersion objective is the most useful lens for the microbiologist because its high magnification permits clear viewing of all microorganisms except viruses. This lens is immersed in a drop of immersion oil placed on the object to be observed. The numerical aperture of an objective is engraved on its sleeve, next to the magnification. It is a measurement of the angle of the maximum cone of light that can enter the objective. The greater the numerical aperture, the greater the resolving power.  

The resolving power is defined as the ability of the lens to distinguish with two objects at a particular distance apart. The greater the resolving power of the objective, the clearer the image and the greater the ability to reveal closely adjacent details as separate and distinct. The resolving power (RP) is dependent on the wavelength (λ) of light used in the microscope and the numerical aperture (NA) according to the following formula.

RP= λ /NA

The maximum resolving power of a compound microscope is about 0.25 micrometer when oil immersion is used. The working distance of an objective is the distance between the front lens of the objective and the object slide when the image is in focus. The greater the magnifying power of the objective, the smaller the working distance .

The eye-piece. The second component of the magnification system is the eye-piece. The magnification of this set of lens is marked on its face. It may be 4x, 10x, 12.5x or 15x. For visualization of bacterial cells, the eye-piece with magnification of 12.5x or 15x is most suitable.

Magnification of microscope. The magnification is the power of a lens system to enlarge the image. The magnifying power of a microscope depends on the magnifying power of its objective and eye-piece. The objective lens magnifies the specimen and produces a real image. The eye-piece, in turn, magnifies the real image and produces a virtual image which is seen by the observer. The total magnification of a micro​scope is thus obtained by multiplying the magnification of the objective lens and the magnification of the eye-piece.
3. The illumination system
The source of light. Electric light should preferably be used, since it is easier to adjust. It is provided by illuminator built into the microscope beneath the stage or by an external lamp placed in front of the microscope. Otherwise daylight can also be used.

The mirror. The mirror reflects rays from the light source on to the object. One side of the mirror has a concave surface; the other a plane surface. The concave surface is used for daylight to gather scattered and reflected rays of sunlight. The plane surface is used when an electric lamp is the light source.

The condenser. It is situated between the mirror, or illuminator, and stage. It brings the rays of light to a common focus on the object to be examined. It can be raised to bring the maximum illumination or lowered to bring the minimum illumination.

The diaphragm. Situated within the condenser, the diaphragm is used to reduce or increase the amount of light that passes into the condenser.
4. The adjustment system

The adjustment system of a microscope comprises of the following components. 

The coarse adjustment screw (knob) is used first to achieve an approximate focus. 

The fine adjustment screw (knob) is used to bring the object into perfect focus. 

The condenser adjustment screw is used to raise or lower the condenser in order to adjust the illumination.

The iris diaphragm lever. It can be moved to close or open the diaphragm, thus reducing or increasing the intensity of the light.

The mechanical stage controls. These are usually two screws which are used to move the glass slide on the stage. One of them is used to move it backward and forward while the other one to left or right.

Components of microscope.
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Important role of immersion oil. As mentioned above, a drop of immersion oil is placed on the stained preparation before focusing with oil-immersion lens. The reason is that the light from the specimen is collected by the objective and transmitted to the eye-piece. Since there is a space between the specimen and the objective lens, the light rays passing through this are lost as a result of refraction because the refractive indices of glass and air are different. A drop of oil in the space permits the objective to gather more light since the refractive indices of glass and oil are compatible, that is 1.52. This also leads to a maximum numerical aperture and thus a maximum resolving power.
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MICROSCOPIC METHODS OF RESEARCH OF MICROORGANISMS
The light-field microscope is a basic instrument used in the microbiology lab to study the organisms not seen by naked eye. For study of bacteria the main method of light-field microscopy is an immersion one. There are different kinds of immersion medium such as immersion oil, distilled water and glycerol. 

Dark field (Dark ground) microscopy. Reflected light is used instead of the transmitted light thet used in the light microscope. A dark field condenser with a circular stop is fitted with a light microscope. This condenser lens system is arranged in such a way that no light reaches the eye, unless reflected from the object. The object or bacterium appears self-luminous against a dark background. The contrast gives an illusion of increased resolution, so that extremely slender organisms such as spirochaetes, not visible under ordinary microscope, can be seen under the dark field microscope. 
Phase contrast microscopy improves the contrast and makes evident the internal structures of cells which differ in thickness or refractive index. The different parts of a cell and its surrounding medium have got different refractive indices. When rays of light are passed through an object, they emerge in different phases depending on the difference of the refractive indices between the object and its surrounding medium. A special optical system (special condenser and objective lens) converts difference in phase into difference in intensity of light (amplitude of light wave), producing light and dark contrast in the image. A light microscope can be converted into phase contrast microscope by using a special condenser and objective lens. Phase contrast microscopy is divided to positive and negative ones. Positive phase contrast produces dark image on the light ground, but negative phase contrast result in light image on the dark ground.

Fluorescent Microscopy. Fluorescence is a phenomenon that occurs when an object is impacted by a given wavelength of light and emits light at a wavelength longer than the one to which it was exposed. In fluorescent microscope, specimens are exposed to a light of shorter wavelength (ultraviolet light), which results in emission of longer wavelength visible light. Due to shorter wavelength of UV light, the resolving power can be proportionately extended. There are two types of fluorescence – primary and secondary. Only a few bacterial species are able to produce fluorescent substances and possess primary fluorescence. Bacteria stained with fluorescent dye (e.g. auramine, rhodamine, fluoresceine) become visible as brightly glowing objects in a dark background. This type of fluorescence is called secondary one.

Fluorescent microscopy has also been employed for detection of antigen (direct fluorescent antibody technique) and antibodies (indirect fluorescent antibody methods).
Electron microscopy. A beam of electrons is applied instead of the beam of light used in optical microscope. The electron beam is focused by circular electromagnets (magnetic condenser), which are analogous to the lenses of light microscope. The wavelength of electrons is approximately 0.005 nm, as compared to 500 nm with visible light (shorter by 100 000 times). The resolving power of any microscope is directly related to the wavelength, thus, the resolving power of the electron microscopes should be theoretically 100,000 times that of light microscopes but in practice, it is about 0.1-0.2 nm. Although the substantial increase in resolution power of electron microscope has led to significant discoveries, a major disadvantage is the inability to examine living cells. Electron microscopy is especially used for rapid detection of viruses in clinical samples. It is particularly useful for detecting non-cultivable viruses. Ultrastructural study of various microorganisms may also be done by this method.

Uptadate Techniques in Microscopy

Confocal scanning laser microscope (CSLM) or confocal microscope. Fluorescently stained specimens are usually examined. The laser is scanned over a plane in the specimen (beam scanning) or the stage is moved (stage scanning) and a detector measures the illumination from each point to produce an image of the optical section. When many optical sections are scanned, a computer can combine them to form a three-dimensional image from the digitized signals. This image can be measured and analyzed quantitatively.

The scanning tunneling microscope, is an excellent example of a scanning probe microscope. It can achieve magnifications of 100 million and allow scientists to view atoms on the surface of a solid.
The atomic force microscope moves a sharp probe over the specimen surface while keeping the distance between the probe tip and the surface constant. It does this by exerting a very small amount of force on the tip, just enough to maintain a constant distance but not enough force to damage the surface.

Technique of immersion microscopy
The goals: 

1) to study the basic components of microscope with teacher;

2) to acquire the skill of immersion microscopy.

The technique of immersion microscopy

FOCUSING THE OBJECT

You should learn and never forget these rules while using the microscope: 

(1) never focus downward with the coarse adjustment screw while your eye is at the eye-piece; 

(2) never allow an objective lens to jam into the cover slide of specimen;

(3) never turn with force the adjustments;

(4) never carry out a microscope by one hand, always hold it with both hands, one hand must be under the base and other on arm.

Focusing with the oil-immersion objective
1) Place a drop of immersion oil on the cover glass of specimen.

2) Place the slide with the object on it, on the clean stage and fix the slide on the stage with a specimen holder.

3) Rack the condenser up and open the iris diaphragm fully as increased light intensity is required.

4) Lower the objective until it is in contact with the oil. Bring it as close as possible to the slide (only before touch with cover glass) but avoid pressing on the preparation.

5) Looking through the eye-piece, turn the coarse adjustment up (but not down) in a very slow manner until the specimen appears in view.

6) Now turn the fine adjustment until the sharp image is in focus. If necessary make further adjustment to obtain optimum illumination.

7) To change the slide with specimen you have to turn immersion objective up by 2-3 cm and then discard the slide and put the next one.

8) In the end of work you should leave the nosepiece at the high magnification, turn the immersion objective high up, take the slide away from the stage and carefully remove oil from immersion objective and slide with a piece of cotton or wool textile. 

III. Control of practical skills
1. Draw Gram-negative rod-shaped microorganisms

2.  Draw and Gram-positive cocci
1.2. COMPONENTS OF BACTERIAL CELL. SIMPLE  STAIN
I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja from p.12 to p. 22.

The questions for study:

1. Bacterial anatomy, essential and additional components of bacterial cell.

2. Cell wall of bacteria, its functions and composition. Methods of its revealing. Bacteria with defective cell wall, their features.

3. Nucleoid (bacterial nucleus), its functions, composition, methods of its revealing.

4. Cytoplasmic membrane, its functions, composition, methods of its revealing.

5. Capsule, its functions, composition, methods of its revealing.

6. Flagella, their functions, composition, methods of their revealing.

7. Fimbriae (pili), their functions, composition, methods of their revealing.

8. Spore, its functions, composition, methods of its revealing.
9. Kinds of smears of a bacterial culture (native and fixed), their applying.

10. Kinds of bacteria staining (simple, negative, differential) with examples and their applying. 

2) Before class draw this table in your workbook and fill in all fields: 

«Components of the bacterial cell»

	Component
	Essential / Additional 
	Localization
(outside or inside the cell membrane)
	The basic functions (shortly)

	Cell wall
	
	
	

	Cytoplasmic membrane
	
	
	

	Nucleoid
	
	
	

	Cytoplasm 
	
	
	

	Rybosomes
	
	
	

	Capsule
	
	
	

	Flagella
	
	
	

	Fimbriae
	
	
	

	Spore
	
	
	

	Inclusions
	
	
	


II. Class work

1) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part. 

Answer the questions of  the teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Bacterial anatomy, essential and additional components of bacterial cell.

2. Cell wall of bacteria, its functions and composition. Methods of its revealing. Bacteria with defective cell wall, their features. Reasons of the loss.

3. Nucleoid (bacterial nucleus), its functions and composition. Methods of its revealing.

4. Cytoplasmic membrane, its functions and composition. Methods of its revealing.

5. Capsule, its functions and composition. Methods of its revealing.

6. Flagella, their functions and composition. Methods of their revealing.

7. Fimbriae (pili), their functions and composition. Methods of their revealing.

8. Spore, its functions and composition. Methods of its revealing.
9. Kinds of smears of a bacterial culture (native and fixed), their applying.

10. Kinds of bacteria staining (simple, negative, differential) with examples and their applying. 

THE THEORETICAL REFERENCE
Components of вacterial сell
The major structures of the cell belong either to the multilayered envelope and its appendages or to the interior core consisting of the nucleoid (or nuclear body) and the cytosol (called thus rather than cytoplasm because there is no nucleus; the cytosol is not separated from the genetic material). In contrast to the alien nature of this body plan, the general chemical nature of the bacterial cell is more familiar to a eukaryotic cell biologist. Greater than 90% of its dry mass consists of five macromolecular-like substances similar to those found in eukaryotes: proteins (about 55% of the dry mass); RNA, consisting of the familiar messenger (mRNA), transfer (tRNA), and ribosomal (rRNA) types (about 20%); DNA (about 3%); carbohydrate (about 5%); and phospholipid (about 6%). In addition, there are a few macromolecules unique to prokaryotes; a peptidoglycan called murein is found in all walled bacteria, and a few other unique molecules (lipopolysaccharide and teichoic acids) are found in specific groups of bacteria.

As we shall see, small size and extraordinarily simple design help explain the success of bacteria in nature. Small size facilitates rapid exchange of nutrients and metabolic byproducts with the environment, whereas simplicity of design facilitates macromolecular synthesis, assembly of cell structures and formation of new cells by division. Both smallness and simplicity contribute to a distinctive functional property of bacteria—their ability to grow at least an order of magnitude faster than eukaryotic cells. However, at the molecular level, bacteria are far from simple, and it is necessary to learn something of their complexity at this level to understand the ability of some of them to colonize humans or to cause disease.

As a first approximation, bacteria can be said to have a plain interior and a fancy exterior. The cell core, consisting solely of nucleoid and cytosol, is incredibly simple and almost structureless compared with the interior of a eukaryotic cell. It fits the notion that simplicity facilitates rapid growth. The envelope, on the other hand, is an exceedingly baroque part of the cell, consisting of structures of great complexity that vary in detail among the different major groups of bacteria. 

[image: image3.emf]
Scheme of structures of a dividing bacterium
Capsule. Many bacterial cells surround themselves with one or another kind of hydrophilic gel. This layer is often quite thick; commonly it is thicker than the diameter of the cell. Because it is transparent and not readily stained, this layer is usually not appreciated unless made visible by its ability to exclude particulate material, such as India ink. If the material forms a reasonably discrete layer, it is called a capsule; if it is amorphous in appearance, it is referred to as a slime layer.
Most capsules or slime layers are polysaccharides made of single or multiple types of sugar residues; some are simple (though unusual) polypeptides, such as the polymer of D-glutamic acid, which forms the capsule of Bacillus anthracis, the causative agent of anthrax; a few are proteins.

Capsules can protect bacteria. Within animal and human hosts capsules impede ingestion by leukocytes. Streptococcus pneumoniae, the causative agent of pneumococcal pneumonia, in large measure owes its virulence to the ability of its copious polysaccharide capsule to interfere with opsonophagocytosis. The pneumococcal polysaccharide, as is the case with most capsular material, is antigenic, and when specific antibody attaches to it, phagocytosis can occur. Protection against phagocytosis is only part of the much broader function of bacterial capsules in nature, which is to aid colonization, primarily by assisting the cell to attach to surfaces.

Cell Wall. Internal to the capsule (if one exists) but still outside the cell proper, a rigid cell wall surrounds all eubacterial cells except wall-less bacteria such as the mollicutes (mycoplasmas). The structure and function of the bacterial wall is so distinctive as to constitute a hallmark of the prokaryotes; nothing like it is found elsewhere. Unlike the capsule, which is dispensable for survival outside the body of the host, the wall has vital functions in all environments. It protects the cell from mechanical disruption and from bursting caused by the turgor pressure resulting from the hypertonicity of the cell interior relative to the environment. The wall provides a barrier against certain toxic chemical and biological agents. In some bacterial species, such as Streptococcus, it provides a protection from phagocytosis and helps in the binding to eukaryotic cell hosts. Its form is responsible for the shape of the cell.

Cell Membrane. Generally the cell membrane of bacteria is similar to the familiar bileaflet membrane, containing phospholipids and proteins, that is found throughout the living world. However, there are important differences. The bacterial cell membrane is exceptionally rich in proteins (up to 70% of its weight) and does not (except in the case of mycoplasmas) contain sterols. The bacterial chromosome is attached to the cell membrane, which plays a role in segregation of daughter chromosomes at cell division, analogous to the role of the mitotic apparatus of eukaryotes. The membrane is the site of synthesis of DNA, cell wall polymers and membrane lipids. It contains the entire electron transport system of the cell (and hence, is functionally analogous to the mitochondria of eukaryotes). It contains receptor proteins that function in chemotaxis. Like cell membranes of eukaryotes, it is a permeability barrier and contains proteins involved in selective and active transport of solutes. It is also involved in secretion to the exterior of proteins (exoproteins), including exotoxins and hydrolytic enzymes involved in the pathogenesis of disease. The bacterial cell membrane is therefore the functional equivalent of most of the organelles of the eukaryotic cell and is vital to the growth and maintenance of the cell.
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£ Figure 37 Plasma Membrane Structure. This diagram of the fluid mosaic model of bacterial membrane
8 structure shows the integral proteins (blue) floating in a lipid bilayer. Peripheral proteins (purple) are associated
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Flagella are molecular organelles of motility found in many species of bacteria, both Gram positive and Gram negative. They may be distributed around the cell (an arrangement called peritrichous from the Greek trichos for “hair”), at one pole (polar or monotrichous), or at both ends of the cell (lophotrichous). In all cases, they are individually helical in shape and propel the cell by rotating at the point of insertion in the cell envelope. The presence or absence of flagella and their position are important taxonomic characteristics. 
The flagellar apparatus is complex, but consists entirely of proteins, encoded in genes called fla (for flagella). They are attached to the cell by a basal body consisting of several proteins organized as rings on a central rod. In Gram-negative cells, there are four rings: an outer pair that serve as bushings through the outer membrane and an inner pair located in the peptidoglycan gel and the cell membrane. In Gram-positive cells, only the inner pair is present. The hook consists of other proteins organized as a bent structure that may function as a universal joint. Finally, the long filament consists of polymerized molecules of a single protein species called flagellin. Flagellin varies in amino acid sequence from strain to strain. This makes flagella useful surface antigens for strain differentiation, particularly among in the group Enterobacteriaceae.

Pili are molecular hair-like projections found on the surface of cells of many Grampositive and Gram-negative species. They are composed of molecules of a protein called pilin arranged to form a tube with a minute, hollow core. There are two general classes, common pili and sex pili. Common pili cover the surface of the cell.
They are, in many cases, adhesins, which are responsible for the ability of bacteria to colonize surfaces and cells. To cite only one example, the pili of Neisseria gonorrhoeae are necessary for the attachment to the urethral epithelial cells prior to penetration; without pili, the bacterium cannot cause gonorrhea. Thus, common pili are often important virulence factors. In fact, there are at least five different types of common pili. Some bacteriologists use the name fimbriae to refer to common pili. The sex pilus is diagnostic of a male bacterium and is involved in exchange of genetic material between some Gram-negative bacteria. There is only one pili per cell. 

Cytosol and ribosomes. The dense cytosol is bounded by the cell membrane. It appears granular because it is densely packed with ribosomes, which are much more abundant than in the cytoplasm of eukaryotic cells. This is a reflection of the higher growth rate of bacteria. Each ribosome is a ribonucleoprotein particle consisting of three species of rRNA (5 S, 16 S, and 23 S) and about 56 proteins. The overall subunit structure (one 50 S plus one 30 S particle) of the 70 S bacterial ribosome resembles that of eukaryotic ribosomes (which are 80 S, composed of one 60 S and one 40 S particle), but is smaller and differs sufficiently in function that a very large number of antimicrobics have the prokaryotic ribosome as their target.

The number of ribosomes varies directly with the growth rate of the cell. At all but the slowest growth rates about 70% of the ribosomes at any one time exist as polysomes and are engaged in translating mRNA. Except for the functions associated with the cell membrane, all of the metabolic reactions of the cell take place in the cytosol. Accordingly, it is found to be the major location of a great fraction of the 2000 to 3000 different enzymes of the cell. The cytosol of some bacterial species also contains nutritional storage granules called reserve granules. The most prevalent kinds consist of glycogen or polymetaphosphate. Their presence and abundance depend on the nutritional state of the cell.

Nucleoid. The bacterial genome resides on a single chromosome (there are rare exceptions) and typically consists of about 4000 genes encoded in one, large, circular molecule of doublestranded DNA containing about 5 million nucleotide base pairs. This molecule is more than 1 mm long, and it therefore exceeds the length of the cell by some 1000 times. Needless to say, tight packing is necessary, and it is this packing that displaces all ribosomes and other cytosol components from the regions that appear clear or fibrous in electron micrographs of thin sections of bacterial cells (see Fig 2–13). Each region thus contains a chromosome, coated usually by polyamines and some specialized DNA-binding proteins but not with the structural organization of a eukaryotic chromosome. Because it is not surrounded by a membrane, it is not correctly called a nucleus but rather a nucleoid or nuclear body. The manner in which the DNA molecule is packed to form a nucleoid is not yet totally known. The double-helical DNA chain is twisted into supercoils, and it is suspected that the DNA is attached to the cell membrane. Evidence indicates that the entire chromosome is attached to some central structure, perhaps RNA, at a large number of points (12 to 80), creating folds of DNA, each of which is independently coiled into a tight bundle. Gentle methods of lysing cells permit nucleoids to be isolated as compact particles from which DNA loops can be sprung out.

Plasmids. Many bacteria contain small, usually circular, covalently closed, double-stranded DNA molecules separate from the chromosome. More than one type of plasmid or several copies of a single plasmid may be present in the cell. Many plasmids carry genes coding for the production of enzymes that protect the cell from toxic substances. For example, antibiotic resistance is often plasmid determined. Many attributes of virulence, such as production of some pili and of some exotoxins, are also determined by plasmid genes. Some plasmids code for production of a sex pilus by which they promote cell conjugation and thereby accomplish their own intercellular transmission. They are thus “infectious,” are nonhomologous to the bacterial chromosome, and provide a rapid method for acquisition of valuable genetic traits.

Spores. Endospores are small, dehydrated, metabolically quiescent forms that are produced by some bacteria in response to nutrient limitation or a related sign that tough times are coming. Very few species produce spores (the term is loosely used as equivalent to endospores), but they are particularly prevalent in the environment. Some spore-forming bacteria are of great importance in medicine, causing such diseases as anthrax, gas gangrene, tetanus and botulism. All spore formers are Gram-positive rods. Some grow only in the absence of oxygen (eg, Clostridium tetani), some only in its presence (eg, Bacillus subtilis). 

The bacterial endospore is not a reproductive structure. One cell forms one spore under adverse conditions (the process is called sporulation). The spore may persist for a long time (centuries) and then, on appropriate stimulation, give rise to a single bacterial cell (germination). Spores, therefore, are survival rather than reproductive devices. 

Spores of some species can withstand extremes of pH and temperature, including resistance to chemicals and to some extent, radiation is aided by extremely tough, special coats surrounding the spore. These include a spore membrane (equivalent to the former cell membrane); a thick cortex composed of a special form of peptidoglycan; a coat consisting of a cysteine-rich, keratin-like, insoluble structural protein; and, finally, an external lipoprotein and carbohydrate layer called an exosporium.

Sporulation is under active investigation. The molecular process by which a cell produces a highly differentiated product that is incapable of immediate growth but able to sustain growth after prolonged periods (centuries, in some cases) of nongrowth under extreme conditions of heat, desiccation and starvation is of great interest. In general, the process involves the initial walling off of a nucleoid and its surrounding cytosol by invagination of the cell membrane, with later additions of special spore layers. Germination begins with activation by heat, acid and reducing conditions. Initiation of germination eventually leads to outgrowth of a new vegetative cell of the same genotype as the cell that produced the spore.

Kinds of smears from microorganisms and their simple staining
The microscopy is used for visualization of bacterial cells. All smears from microorganism cultures are divided into wet (live, native) and stained. The basic instrument for work with bacterial culture is a wire loop. The instrument is used for the transfer of microorganisms from one conteiner to another, from one medium lo various media. This transfer is termed as subculturing or inoculation. The loop is made from inert metals such as platinum or nichrome. It is inserted into metal and plastic shafts that serve as handles. It is sterilized by burning in the blue portion of the spirit burner flame.

Native smears. Two kinds of native smears are applied for observation of bacteria. They are called “hanging drop” and “crush drop” techniques. 

“Hanging drop” techniques.

Place the small drop of bacterial suspension with the wire loop in the center of clear cover glass. Smear the rim of the well in a clean cavity slide with vaseline. Lower a cavity slide onto the prepared cover glass so that the cavity covers the drop of the suspension. Press it down slightly.  Turn the slide over and examine the specimen under low and then under high magnification.

“Crush drop” techniques.

Place the small drop of bacterial suspension with the wire loop in the center of slide and cover it with cover glass. Press the cover glass to the slide and remove overflowing suspension from the edge of the cover glass by filter paper. Examine the specimen under high magnification.

Stained specimens.

Bacterial cells are very little, transparent and colorless. Such properties make them difficult to be visualized especially when suspended in an acqueous medium. Visualization of bacteria in order to study their properties needs the application of certain staining procedures. The cells are stained by biological dyes and then observed under light microscope.

Methods of staining.

Before staining smear made from bacterial culture or clinical sample is first dried and then fixed with heat by burning the slide from below. Heat kills and fixes the bacteria on slide due to coagulation of bacterial proteins. The fixed smear is called specimen. It stained by appropriate staining technique.

There are some methods of staining. In simple staining, the bacterial smear is stained with a single dye. Simple staining is divided to positive and negative. After positive staining we can see coloured cells on the transparent field. 

Chemically, stains (dyes) are organic salts mainly composed of benzene ring, the cationic (positive charge) and the anionic (negative charge). The coloring component, the chromophore, may be either cationic or anionic. The dyes which are derived from benzene are generally called aniline dyes.

There are two broad groups of dyes: acidic and basic. An acidic dye is one which on ionization liberates negatively charged chromophore that exhibits a strong affinity for the positive constituents of the cells, e.g., proteins. Nigrosine, congo red and picric acid are a few examples of acidic dyes. A basic dye liberates on ionization a positively charged chromophore that has a strong affinity for the negative constituents of the cell, such as nucleic acids. These groups of dyes include most of the microbiological stains including crystal violet, methylene blue, malachite green, fuchsin and safranin.

Since bacterial cells, suspended in an acqueous medium at a pH 7, carry on their surface and nucleic acids a net negative charge, basic dyes are most preferable for staining procedures. The cationic chromophore of the dye strongly binds to the negative constituents of the cell and, thus, makes them deeply colored.

The simple staining is preliminary examination of clinical sample and make it possible to find microorganisms and to estimate their quantity, cell form and arrangement.

After negative staining we see transparent cells on the coloured ground. Bacteria are mixed with dyes such as India ink or nigrosin. The background gets stained and unstained bacteria stand out in contrast. This is very useful for observation of form and surface of the cell and for demonstration of bacterial capsules which don,t take simple stains.
Differential stains: They   impart   different   colours   to   different bacteria or bacterial structures. For this type of staining two or more dyes are used and decolourizing substances such as spirits, acids and others. The most commonly employed differential stains are the Gram stain and the acid-fast Ziehl-Neelsen stain. 
The technique of simple staining of smear from bacterial culture

1. Draw the ring of a diameter up to 2-3 cm in the center of the below side of a perfectly clean and greaseless glass slide with wax pencil.

2. Put a match to spirit burning.

3. Take off the paper cap from bottle with sterile isotonic sodium chloride solution.  

4. Take a wire loop by its handle in the right hand as a pen (pencil). 

5. Burn the loop within a flame of spirit burning (flame it horizontally and in turn vertically three times).

6. Take the cap of the bottle with ring and little fingers of your right hand. By slow moving open the bottle and flame the tube neck. Enter the loop into the bottle and take a drop of the solution.

7. Put a drop of isotonic sodium chloride solution in the center of the top surface of the slide. 

8. Flame the loop again three times. Flame the bottle neck again and close the 

bottle with sterile isotonic solution.

9. Take a tube with bacterial culture in your left hand so that the surface of solid medium with bacteria is over. Take a wire loop by its handle in the right hand as a pen (pencil). 

10. Burn the loop within a flame of spirit burning (flame it horizontally and  turn it vertically three times).

11. Take the cap of tube at ring and little fingers of your right hand. By slow moving open the tube and flame the tube neck. 

12. Place the loop into the tube and cool the loop by touching to wall of the tube. Take a little of bacterial culture by sliding movement of the loop and remove it carefully avoiding touch to tube wall. 

13. Flame the tube neck again and close the tube with cap.

14. Place the culture into the drop of the sterile isotonic solution on the slide and spread the culture towards the periphery in a clockwise or anticlockwise direction in an area of approximately 2-3 sq. cm. 

15. Dry the smear in air under the flame of spirit burning. A smear is good if it appears, when dried, as a thin whitish layer. Fix the smear by heating. For this carry the smear through the flame three times. During the heating the smear must be over.

16. Pour the methylene blue, crystal violet or fuchsin solution on the specimen and keep it for two minutes.

17. Wash specimen with water and dry it on air.

18. Put a drop of immersion oil in the center of specimen without cover glass and examine under light microscope and record the results in your workbook. Before microscopy read the technique of this procedure at the page #6.

19. For negative staining mix on the slide a drop of yeast suspension and a drop of India ink. Dry the specimen on air and examine with immersion light microscopy.

III. Control of practical skills
1. To study the components of bacterial cell with light microscopy.

· Plasmolysis of yeast, staining with India ink and fuksin;

· Rod shaped bacteria with spore (Bacillus sp.), Gram staining;

· Rod shaped bacteria with flagella (Bacillus sp.), staining with mordanting;

· Rod shaped bacteria with capsule inside liver (Klebsiella sp.), fuksin staining;

· Diphtheria bacillus (Corynebacterium diphtheria) with volutine granules, staining with Loeffler’s methylene blue.

2. Master the technique  of simple staining of smear from bacterial culture
· To prepare a smear of a bacterial culture.

· To stain the bacterial cells.

· To focus the stained cells under oil immersion lens.

· To study the various shapes and arrangements of bacteria.

1.3. THE STRUCTURE OF THE BACTERIAL CELL WALL. DIFFERENTIAL STAIN
I. Home work.

1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja from p.9 to p. 22.

The questions for study:

1. Cell wall of gram-positive and gram-negative bacteria, its functions and composition.

2. Differential staining.
3. Gram stain, technique of the staining and its mechanism.

4. Acid-fast stain (Ziehl-Neelsen stain), technique of the staining and its mechanism. Acid-fast bacteria and diseases induced by them.

2) Before class draw this table in your workbook and fill in all fields: 
	Characteristics
	Gram Positive
	Gram Negative

	Thickness
	
	

	Variety of amino acids
	
	

	Lipids
	
	

	Teichoic acid
	
	


II. Class work

1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Cell wall of gram-positive and gram-negative bacteria, its functions and composition.

2. Differential staining.
3. Gram stain, technique of the staining and its mechanism.

4. Acid-fast stain (Ziehl-Neelsen stain), technique of the staining and its mechanism. Acid-fast bacteria and diseases induced by them.

THE THEORETICAL REFERENCE
Gram-Positive Cell Wall. The Gram-positive cell wall contains two major components, peptidoglycan and teichoic acids, plus additional carbohydrates and proteins, depending on the species. A generalized scheme illustrating the arrangement of these components is shown in Figure 2.

The chief component is murein, a peptidoglycan, which is found nowhere except in prokaryotes. Murein consists of a linear glycan chain of two alternating sugars, N-acetylglucosamine (NAG) and N-acetylmuramic acid (NAM). Each muramic acid residue bears a tetrapeptide of alternating L- and D-amino acids. Adjacent glycan chains are cross-linked into sheets by peptide bonds. The same cross-links between other tetrapeptides connect the sheets to form a three-dimensional, rigid matrix. The cross-linking extends around the cell, producing a scaffold-like giant molecule, termed the murein sac, or sacculus.
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Schematic drawing of the wall of Gram-positive bacteria.
The role of the murein component of the cell wall in conferring osmotic resistance and shape on the cell is easily demonstrated by removing or destroying it. Treatment of a Gram-positive cell with penicillin (which blocks formation of the tetrapeptide cross-links and activates the cell’s own murein hydrolases) or with lysozyme (which directly hydrolyzes the glycan chains) destroys the murein sac and the wall is lost. Prompt lysis of the cell ensues. If the cell is protected from lysis by suspension in a medium approximately isotonic with the cell interior, such as 20% sucrose, the cell becomes round and forms a sphere called a protoplast. Some protoplasts can grow and their formation from classic bacteria within patients treated with penicillin-type antibiotics (L-forms) has been postulated to account for some persistent infections.

A second component of the Gram-positive cell wall is a teichoic acid. Up to 50% of the wall may be teichoic acid, some of which is covalently linked to occasional NAM residues of the murein. Of the teichoic acids made of polyglycerol phosphate, much is linked not to the wall but to a glycolipid in the underlying cell membrane. This type of teichoic acid is called lipoteichoic acid and seems to play a role in anchoring the  wall to the cell membrane and as an epithelial cell adhesin. Teichoic acids are found only in Gram-positive cells and constitute major antigenic determinants of their cell surface individuality. For example, S. aureus polysaccharide A is a teichoic acid and Enterococcus faecalis group D carbohydrate is a lipoteichoic acid. Beside the major wall components - murein and teichoic acids - Gram-positive walls usually have lesser amounts of other molecules. Some are polysaccharides, such as the group-specific antigens of streptococci; others are proteins, such as the M protein of group A streptococci.

Gram-Negative Cell Wall The second kind of cell wall found in bacteria, the Gram-negative cell wall, is depicted in Figure 3. Except for the presence of murein, there is little chemical resemblance to cell walls of Gram-positive bacteria, and the architecture is fundamentally different. In Gram-negative cells, the amount of murein has been greatly reduced, with some of it forming a single-layered sheet around the cell and the rest forming a gel-like substance, the periplasmic gel, with little cross-linking. External to this periplasm is an elaborate outer membrane.
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Schematic representation of wall of Gram-negative bacteria. 
LPS, lipopolysaccharide with endotoxic properties.

The periplasm is an intermembrane structure, lying between the cell membrane and a special membrane unique to Gram-negative cells, the outer membrane. This has an overall structure similar to most biological membranes with two opposing phospholipid–protein leaflets.

However, in terms of its composition, the outer membrane is unique in all biology. Its inner leaflet consists of ordinary phospholipids, but these are replaced in the outer leaflet by a special molecule called lipopolysaccharide (LPS), which is extremely toxic to humans and other animals, and is called an endotoxin. Even in minute amounts, such as the amount released to the circulation during the course of a Gram-negative infection, this substance can produce a fever and shock syndrome called Gram-negative shock, or endotoxic shock.

LPS consists of a toxic lipid A (a phospholipid containing glucosamine rather than glycerol), a core polysaccharide (containing some unusual carbohydrate residues and fairly constant in structure among related species of bacteria) and O antigen polysaccharide side chains. The last component constitutes the major surface antigen of Gram-negative cells (which, it is recalled, lack teichoic acids).

Differential Staining

Differential staining procedures divide bacteria into separate groups based on staining properties. The Gram stain, developed in 1884 by the Danish physician Christian Gram, is the most widely employed staining method in bacteriology. It is a differential staining procedure because it divides bacteria into two classes—gram negative and gram positive. Gram-positive and gram-negative bacteria. There are certain bacteria which cannot be stained by Gram-method. Acid-fast staining is another important differential staining procedure. In 1882, Paul Ehrlich developed a method to stain and visualize such bacteria. This method was named, and still known as acid-fast staining, and the bacteria were designated as acid-fast bacteria. Ehrlich's method was improved in the same year by Ziehl and Neelsen. Today, Ziehl-Neelsen method is considered most valuable differential staining procedure used in the identification of acid-fast species of Mycobacterium, Nocardia, and Actinomyces. There are many acid-fast bacteria which cause diseases, such as M. tuberculosis (tuberculosis), M. leprae (leprosis), A. israelii (actinomycosis), and N. asteroides (nocardiosis).

Bacteria in the genera Bacillus and Clostridium form an exceptionally resistant structure capable of surviving for long periods in an unfavorable environment. This dormant structure is called an endospore since it develops within the cell. Endospore morphology and location vary with species and often are valuable in identification; endospores may be spherical to elliptical and either smaller or larger than the diameter of the parent bacterium. They can be observed with the phase-contrast microscope or negative staining. Endospores are not stained well by most dyes, but once stained, they strongly resist decolorization. This property is the basis of most spore staining methods. In the Schaeffer-Fulton procedure, endospores are first stained by heating bacteria with malachite green, which is a very strong stain that can penetrate endospores. After malachite green treatment, the rest of the cell is washed free of dye with water and is counterstained with safranin. This technique yields a green endospore resting in a pink to red cell. Bacterial flagella are fine, threadlike organelles of locomotion that are so slender (about 10 to 30 nm in diameter) they can only be seen directly using the electron microscope. To observe them with the light microscope, the thickness of flagella is increased by coating them with mordants like tannic acid and potassium alum, and they are stained with pararosaniline (Leifson method) or basic fuchsin (Gray method). 

Gram stain 

It depends on the differential ability of ethanol or ethanol–acetone mixtures to extract iodine–crystal violet complexes from bacterial cells. These complexes are readily extracted from one group of bacteria, termed Gram-negative, which can be subsequently stained red with an appropriate counterstain. They are retained by the other, termed Gram-positive, which are thus stained violet by the retained crystal violet. The positive or negative Gram stain response of a cell reflects which of the two types of wall it possesses.

The procedure involves the application of a solution of iodine in potassium iodide to cells previously stained with an crystal violet. This treatment produces a mordanting action in which purple insoluble complexes are formed with ribonuclear protein in the cell. The difference between Gram-positive and Gram-negative bacteria is in the permeability of the cell wall to these complexes on treatment with acetone and alcohol solvents. This extracts the purple iodine–dye complexes from Gram-negative cells, whereas Gram-positive bacteria retain them. An intact cell wall is necessary for a positive reaction, and Gram-positive bacteria may fail to retain the stain if the organisms are old, dead, or damaged by antimicrobial agents. The stain is completed by the addition of red counterstain such as safranin, which is taken up by bacteria that have been decolorized. Thus, cells stained purple are Gram-positive, and those stained red are Gram-negative.

Virtually all of the eubacteria with walls can be assigned a Gram response. However, the few exceptions include some medically important organisms. For example, the mycobacteria (eg, Mycobacterium tuberculosis, the causative agent of tuberculosis) are Gram positive on the basis of their wall structure but fail to stain because of interference by special lipids present in their walls. Most spirochetes, including Treponema pallidum (the causative agent of syphilis), although Gram negative by structure, are too thin to be resolved in the light microscope when stained by simple stains.

Bacteria without walls, whether natural forms (the mollicutes or mycoplasmas) or artificial products of procedures that remove the wall, exhibit a Gram-negative staining response. Furthermore, some bacteria that are Gram positive on the basis of wall structure and staining response may lose this property and appear Gram negative if they have been held under nongrowing conditions. These examples emphasize that being Gram positive is a distinct property that can be temporarily lost because it depends on the integrity of the cell wall; on the other hand, a Gram-negative bacterial cell does not have a staining property to lose.

Ziehl-Neelsen stain
Acid-fast bacteria may be defined as those cells which retain the color of primary dye even after decolorization by acid or acid-alcohol solution. Those bacteria which fail to do so are known as nonacid fast.

Acid-fast bacteria are coated with a thick waxy material, mycolic acid, that makes the cells extremely resistant to the penetration by dyes. The penetration of dye is facilitated by using heat as mordent. The heat drives the dye through the waxy coat into the cytoplasm. After the stage acid-fast cells retain the dye and retain it under acid or acid-alcohol treatment.

The technique of differential Gram staining of bacteria.

1. Prepare a smear on a slide from mixture of Gram-positive cocci and Gram-negative rod-shaped bacteria. Fix the smear with heating.  

2. Stain the heat fixed smear with crystal violet for one or two minute through filter paper. Then remove filter paper and pour out the dye. 

3. Pour Lugol's iodine solution over the smear for a minute.

4. Wash the smear with water.

5. Decolourise the smear with ethanol for 30-60 seconds until violet streams end. 

6. Wash the smear with water.

7. Stain the smear with fuchsin for one or two minute, wash with water and dry it.

8. Examine the stained smear under microscope with oil immersion.

The Technique of Ziehl-Neelsen staining
1. Take a prepared and fixed smear on a slide from culture of acid-fast bacteria Mycobacterium tuberculosis (safe vaccine strain BCG).  

2. Place a strip of filter paper on the smear and flood the strip with carbol fuchsin. 

3. Keep it for 3-5 minutes over a spirit burning with constant heating but not boiling. You must see steam jet up over dye. Do not allow the stain to dry over the slide. Pour a little more if needed.

3. After cooling wash the slide with water on air until the water that runs off is colorless.

4. Pour  5% sulphuric acid on the slide. Leave for 2 minutes. 

5. Wash the slide with water and dry it.

7. Stain the specimen with counterstain methylene blue for 2 minutes.

8. Wash with water, dry, and observe under oil immersion objective.

9. Microscopic study reveals acid-fast tubercle bacilli as short, straight or slightly curved, bright red rods. Nonacid-fast cells appear blue.

III. Control of practical skills
1. Describe ingredients of Gram stain and exposure time.
2. Denote  purposes of ingredients Gram stain.
3.Describe ingredients of Ziehl-Neelsen stain and exposure time.
4. Denote  purposes of ingredients Ziehl-Neelsen stain.

1.4. CLASSIFICATION AND TAXONOMY OF MICROORGANISMS
I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja from p.9 to p. 22.

The questions for study:

1. Composition of eukaryotic and prokaryotic cell.

2. Differences between eukaryotes and prokaryotes.

3. Morphology of bacteria depending on their shape and arrangement. 

4. Basic features of spirochetes, actinomycetes, mycoplasmae,  rikketsiae and chlamydiae.

2) Before class draw this table in your workbook and fill in all fields: 

«Features of microorganisms from different groups»

	Microorganisms
	What taxon do they form and its level? 
	Features of DNA and its localization (shortly)
	Features of envelope and its chemical composition (shortly)

	Protozoa
	
	
	

	Gram “+”bacteria
	
	
	

	Gram “-” bacteria
	
	
	

	Actinomycetes
	
	
	

	Spirochetes
	
	
	

	Rikketsiae
	
	
	

	Chlamydiae
	
	
	

	Micoplasmae
	
	
	

	Viruses
	
	
	


II. Class work
1) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Composition of eukaryotic and prokaryotic cell.

2. Differences between eukaryotes and prokaryotes.

3. Morphology of bacteria depending on their shape and arrangement. 

4. Basic features of spirochetes, actinomycetes, mycoplasmae,  rikketsiae and chlamydiae.

THE THEORETICAL REFERENCE
Composition of eukaryotic and prokaryotic cell
The major classes of microorganisms in terms of ascending size and complexity are viruses, bacteria, fungi, and parasites. Parasites exist as single or multicellular structures with the same eukaryotic cell plan of our own cells. Fungi are also eukaryotic but have a rigid external wall that makes them seem more like plants than animals. Bacteria also have a cell wall, but their cell plan is prokaryotic and lacks the organelles of eukaryotic cells. Viruses have a genome and some structural elements but must take over the machinery of another living cell (eukaryotic or prokaryotic) in order to replicate.

Prokaryotes. Bacteria are the smallest (0.1 to 10 µm) living cells. They have a cytoplasmic membrane surrounded by a cell wall; a unique interwoven polymer called peptidoglycan makes the wall rigid. The simple prokaryotic cell plan includes no mitochondria, lysosomes, endoplasmic reticulum, or other organelles. In fact, most bacteria are about the size of mitochondria. Their cytoplasm contains only ribosomes and a single, circular, double-stranded DNA chromosome. Bacteria have no nucleus, but all the chemical elements of nucleic acid and protein synthesis are present. Although their nutritional requirements vary greatly, most bacteria are free-living, if given an appropriate energy source. Tiny metabolic factories, they divide by binary fission and can be grown in artificial culture, often in less than a day.

The Archaea differ radically from bacteria in structure and metabolic processes; they live in environments humans consider hostile (eg, hot springs, high salt areas) but are not associated with disease.

Eukaryotes. Fungi exist in either yeast or mold forms. The smallest of yeasts are similar in size to bacteria, but most are larger (2 to 12 µm) and multiply by budding. Molds form tubular extensions called hyphae, which when linked together in a branched network form the fuzzy structure seen on neglected bread. Fungi are eukaryotic, and both yeasts and molds have a rigid external cell wall composed of their own unique polymers, called glucan, mannan, and chitin. Their genome may exist in a diploid or haploid state and replicate by meiosis or mitosis. Most fungi are free-living and widely distributed in nature. Generally, fungi grow more slowly than bacteria, although their growth rates sometimes overlap.
Differences between eukaryotes and prokaryotes
	
	Prokaryotes
	Eukaryotes

	Definitio
	These are organisms made up of cells that lack a cell nucleus or any membrane-encased organelles.

	These organisms made up of cells that possess a membrane-bound nucleus as well as membrane-bound organelles.

	Nucleus

	It has no nucleus.

	It has a true nucleus, bounded by double membrane.

	DNA arrangement
	It has a circular loop.

	It is linear.

	Size

	Small cells ( < 5 µm)

	Large cells ( < 10 µm)

	Cell

	Always unicellular

	Mostly multi-cellular

	Cell wall

	Usually present; chemically complex in nature

	When present, chemically simple in nature

	Protein

	It does not contain protein in its DNA.

	It contains proteins in the DNA to form chromatin.

	Ribosome
	It contains small ribosomes.
	It contains large ribosomes.

	
	
	

	Cytoplasm
	No cytoskeleton

	Always have cytoskeleton

	Cell division
	Cell division is by binary fission

	Cell division is by mitosis

	Reproduction

	Reproduction is always asexual

	Reproduction is asexual or sexual

	Metabolic pathways
	Huge variety of metabolic pathways

	Common  metabolic pathways

	Flagella

	Consist of two protein building blocks

	It is complex in nature and consist of multiple microtubules

	Multi-cellular forms

	Rare

	Common with extensive tissue formation

	Mesosomes
	They perform functions of golgi-bodies and mitochondria, and also help in separation of chromosomes.

	Not present

	Plasma membrane
	No carbohydrates and lacks sterols

	Sterols and carbohydrates, both are present

	Glycocalyx 
	Present as a capsule or slime layer

	Present in some cells which lack a cell wall

	Example
	Bacteria and Archaea

	Animal cells and plant cells


Parasitic protists (Protozoa) and helminthes together are called “parasites”. They are the most diverse of all microorganisms. They range from unicellular amoebas of 10 to 12 µm to multicellular tapeworms 1 meter in length. The individual cell plan is eukaryotic, but the organisms such as worms are highly differentiated and have their own organ systems. Most of the worms have a microscopic egg or larval stage. Part of their life cycle may involve multiple vertebrate and invertebrate hosts. Most parasites are free-living but some depend on combinations of animal, arthropod, or crustacean hosts for their survival.

Morphology of bacteria depending on their shape and arrangement
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Basic features of spirochetes, actinomycetes, mycoplasmae,  
rikketsiae and chlamydiae
Spirochetes generally refer to bacteria with a spiral morphology ranging from loose coils to a rigid corkscrew shape. The spiral morphology of spirochetes is produced by a flexible, peptidoglycan cell wall around which several axial fibrils are wound. These fibrils have the structure of flagella and are referred to as endoflagella. The cell wall and endoflagella are completely covered by an outer bilayered membrane similar to the outer membrane of other Gram-negative bacteria. In some species, a hyaluronic acid slime layer forms around the exterior of the organism and may contribute to its virulence. Spirochetes are motile, exhibiting rotation and flexion; this motility is believed to result from movement of the endoflagellar filaments, although the mechanism is not clear. Many spirochetes are difficult to see by routine microscopy. Although they are Gram-negative, many either take stains poorly or are too thin (0.15 µm or less) to fall within the resolving power of the light microscope. Only dark field microscopy, immunofluorescence, or special staining techniques that effectively increase their diameter can demonstrate these spirochetes. Other spirochetes such as Borrelia are larger and readily visible in stained preparations, even routine blood smears. Parasitic spirochetes grow more slowly in vitro than most other disease-causing bacteria. Some species, including the causative agent of syphilis, have not been grown beyond a few generations in cell culture. Some are strict anaerobes, others require low concentrations of oxygen, and still others are aerobic. Compared to other bacterial groups the taxonomy of the spirochetes is underdeveloped. Because spirochetes are difficult to grow, they are difficult to study; thus, there are relatively few phenotypic properties on which to base a classification. The medically important genera Treponema, Leptospira, and Borrelia have been distinguished primarily by morphologic characters such as the nature of their spiral shape and the arrangement of flagella. Modern DNA homology and ribosomal RNA analyses have supported these groupings. The three medically important genera include the cause of syphilis (Treponema pallidum), the ancient scourge of sexual indiscretion; leptospirosis (Leptospira interrogans); and Lyme disease (Borrelia recurrens), a newly discovered consequence of an innocent walk in the woods. 

Actinomycetes include a few pathogenic genera such as Actinomyces, Nocardia, Mycobacterium and Corynebacterium. Actinomyces is Gram-positive rods characterized by filamentous, tree-like branching growth, which has caused them to be confused with fungi in the past. They are opportunists that can sometimes produce indolent, slowly progressive diseases. A related genus, Streptomyces, is of medical importance as a producer of many antibiotics, but it rarely causes infections. Nocardia, Mycobacterium and Corynebacterium are united into taxonomic group of Nocardia-like actinomycetes. They possess some features such as absence of spores in life cycle, very slow growth and acid fastness related with high content of mycolic acids in the cell wall. It is a frequent reason of their poor staining with aniline dyes. Corynebacterium contains a little of mycolic acids so it is show rapid growth and good colorizing with common dyes (methylen blue, crystal violet).

Chlamydia are round cells between 0.3 and 1 µm in diameter depending on the replicative stage. The envelope surrounding the cells includes a trilaminar outer membrane that contains lipopolysaccharide and proteins similar to those of Gram-negative bacteria. A major difference is that chlamydiae lack the thin peptidoglycan layer between the two membranes. They are obligate intracellular parasites and have not been grown outside eukaryotic cells. The genome of is one of the smallest among prokaryotes and lacks genes for amino acid synthesis. C. trachomatis has ribosomes and is able to carry out the common energy producing pathways of other bacteria. Members of the genus Chlamydia are obligate intracellular bacteria, which have all the elements of bacteria except a rigid cell wall. They are obligate intracellular bacteria that exist in two forms: the reticulate body (a non-infective, intracellular, vegetative form) and the elementary body (an extracellular form that permits the organism to survive and be transmitted), which is derived from the reticulate body by binary fission. Of the three species causing disease in humans, Chlamydia trachomatis is the most common as a major cause of genital infection and conjunctivitis. A chronic form of C. trachomatis conjunctivitis, called trachoma, is the leading preventable cause of blindness in the world. Chlamydia pneumoniae and Chlamydia psittaci are respiratory pathogens. Our knowledge of biology and pathogenesis of these bacteria is based primarily on the study of C. trachomatis. 

Rickettsiae and Rickettsiae-like organisms (Orientia, Bartonella, Ehrlichia and Coxiella) are small coccobacilli that often have a transverse septum between two bacilli, reflecting division by binary fission. They are very small and commonly measure no more than 0.3 to 0.5 µm. Although the Gram reaction is negative, they take the usual bacterial stains poorly and are better demonstrated by the Giemsa stain, particularly in infected cells. The ultrastructural morphology, which is similar to that of other Gram-negative bacteria, includes a Gram-negative type of cell envelope, ribosomes, and a nuclear body. Chemically, the cell wall contains lipopolysaccharide and at least two large proteins in the outer membrane, as well as peptidoglycan. Rickettsia grow freely in the cytoplasm of eukaryotic cells to which they are highly adapted, in contrast to Ehrlichia and Coxiella, which replicate in cytoplasmic vacuoles. Rickettsiae can be grown only in living host cells such as cell cultures and embryonated eggs. Infection of the host cell begins by induction of an endocytic process, which is analogous to phagocytosis, but requires expenditure of energy by the rickettsiae. The organisms then escape the phagosome or endocytic vacuole to enter the cytoplasm. Intracytoplasmic growth eventually produces lysis of the cell. The estimated generation time of rickettsiae is much longer than that of bacteria such as Escherichia coli but more rapid than that of Mycobacterium tuberculosis. The obligate intracellular parasitism of rickettsiae has several interesting features. Failure to survive outside the cell is apparently related to requirements for nucleotide cofactors (coenzyme A, nicotinamide adenine dinucleotide) and adenosine triphosphate (ATP). Outside the host cell, rickettsiae not only stop metabolic activity, but leak protein, nucleic acids, and essential small molecules. This instability leads to rapid loss of infectivity, because the penetration of another cell requires energy. In summary, rickettsiae have the metabolic capabilities of other bacteria, but must borrow some essential elements from host cells for adequate growth and, thus, do not survive well in the environment.

Mycoplasma and Ureaplasma are unique microbes in that they lack a cell wall. They are ubiquitous in nature as the smallest of free-living microorganisms. The organisms have diameters of about 0.2 to 0.3 mm, but they are highly plastic and pleomorphic and may appear as coccoid bodies, filaments, and large multinucleoid forms. They do not have a cell wall and are bounded only by a single triplelayered membrane that, unlike other bacteria, contains sterols. The sterols are not synthesized by the organism but are acquired as essential components from the medium or tissue in which the organism is growing. Lacking a cell wall, Mycoplasma and Ureaplasma stain poorly or not at all with the usual bacterial stains. Their doublestranded DNA genome is small, probably because of lack of genes encoding a complex cell wall. M. pneumoniae is an aerobe, but most other species are facultatively anaerobic. All grows slowly in enriched liquid culture medium and on special Mycoplasma agar to produce minute colonies only after several days of incubation. The center of the M. pneumoniae colony grows into the agar and appears denser, giving the appearance of an inverted “fried egg.” Numerous Mycoplasma species have been isolated from animals and humans, but only three species have been associated with human disease. Mycoplasma pneumoniae is a lower respiratory tract pathogen. Mycoplasma hominis and Ureaplasma urealyticum cause genitourinary tract infections.

III. Control of practical skills
1. Draw Staphylococcus, Streptococcus, Escherichia coli, Streptobacilli, Vibrio cholerae, R. prowazeki, Leptospira, Smallpox and mark  method of staining or dye name,  suitable for studying these microorganisms.

ТОPIC 2. PHYSIOLOGY OF MICROORGANISMS

2.1..PHYSIOLOGY OF MICROORGANISMS
I.Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja 

p. 23 – 28, 42 – 47, 49 – 51.
The questions for study:

1. Bacterial growth, nutrition and metabolism.

2. Curve of bacterial growth.

3. Respiration of bacteria. Cultivation of obligate anaerobes and microaerophyles. 

4. Nutrient media for bacteria, their classification by physical condition and purpose.

2) Before class draw this table in your workbook and fill in all fields: 

«Nutrient media for growing of different groups of microorganisms»

	Microorganism
	Type of nutrition
	Type of respiration
	Examples of nutrient media for this microorganism

	Staphylococcus
	
	
	

	Clostridium
	
	
	

	Salmonella
	
	
	

	Rikketsia
	
	
	

	Spirochetes
	
	
	

	Chlamydiae
	
	
	

	Micoplasmae
	
	
	

	Viruses
	
	
	


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Bacterial growth, nutrition and metabolism.

2. Curve of bacterial growth.

3. Respiration of bacteria. Cultivation of obligate anaerobes and microaerophyls. 

4. Nutrient media for bacteria, their classification by physical condition and purpose.

THE THEORETICAL REFERENCE
Bacterial requirements for growth include sources of energy, “organic” carbon (e.g. sugars and fatty acids) and metal ions (e.g. iron). Optimal temperature, pH and the need (or lack of need for oxygen) are important. Bacteria can be classified into the following type according to the basis of their ability to synthesize essential metabolism.
Autotrophs. These are bacteria which are able to synthesize their own organic food from inorganic substances. They use carbon dioxide for obtaining carbon and utilize hydrogen sulphide (H2S) or ammonia (NH3) or hydrogen (H2) as the source of hydrogen to reduce carbon.
Heterotrophs. Microbes obtain their carbon from organic compound, such as sugar, protein and lipids. Hydrogen is usually obtained from water, and oxygen is obtained from atmosphere or from water where it is found in dissolved state.
Growth factors are required in small amounts by cells because they fulfill specific roles in biosynthesis. The need for a growth factor results from either a blocked or missing metabolic pathway in the cells. Growth factors are organized into three categories: 1. purines and pyrimidines: required for synthesis of nucleic acids (DNA and RNA), 2. amino acids: required for the synthesis of proteins, 3. vitamins: needed as coenzymes and functional groups of certain enzymes

Culture media. The growth of bacteria required culture media that provide: all the essential nutrient, the proper concentration of salts and ions, the proper pH (relative acidity or alkalinity), moisture, gas requirement, temperature, pH.

The range of pH over which an organism grows is defined by three cardinal points: the minimum pH, below which the organism cannot grow, the maximum pH, above which the organism cannot grow, and the optimum pH, at which the organism grows best. Acidophiles – microorganisms which grow at pH (3-5) are called. Neutrophiles - microorganisms which grow best at neutral pH (6-8), Alkaliphiles - microorganisms which grow best under alkaline conditions pH as high 10.5 are called.
Moisture. Water is needed for the growth and reaction of metabolism like glycolysis and protein synthesis, various nutrient must be in a soluble form to facilitate diffusion into the cell. In the absence of the water some bacteria will form a spore for continue its survival.
Gas requirement. Microorganisms fall into several groups with respect to the effect of oxygen on their growth and metabolism:

1. Obligate aerobes – use and require oxygen as electron acceptor, have respiratory enzymes and lack the capacity for fermentations,  examples: Pseudomonas, some Bacillus.
2. Obligate anaerobes – do not need or use O2 as a nutrient. In fact, O2 is a toxic substance, which either kills or inhibits their growth. Obligate anaerobic procaryotes may live by fermentation, anaerobic respiration, examples: Clostridium, Bacteroides.
3. Facultative organisms – are organisms that can switch between aerobic and anaerobic types of metabolism. Under anaerobic conditions (no O2) they grow by fermentation or  anaerobic respiration, but in the presence of O2 they switch to aerobic respiration, examples: all Enterobacteriaceae (E.coli), some Bacillus.
4. Aerotolerant anaerobes – grow either with or without oxygen, but metabolism remains fermentative and do not use oxygen, examples: Enterococcus faecalis, some Lactobacillus.
Anaerobic bacteria grow only in the absence of oxygen (anaerobic conditions). These anaerobic conditions or anaerobiosis can be established by various methods: 

1. Production of a Vacuum. Cultivation in vacuum was attempted by incubating cultures in a vacuum desiccators, but it proved to be unsatisfactory. This method is not in use now.

2.  Displacement of Oxygen. Displacement of oxygen by inert gases like hydrogen, nitrogen, carbon dioxide or helium is sometimes employed. But oxygen can never be removed completely by this method. A popular, but ineffective, method is the use of candle. A lighted candle is kept in a large air-tight container (dessicator) loaded with inoculated plates or tubes. It is expected that burning candle will use up all the oxygen inside before it is extinguished but some amount of oxygen is always left behind. This method is a good for microaerophylic bacteria growing. 

3.  By Displacement and Combustion of oxygen. Anaerobiosis obtained by "MacIntosh and Filde's" anaerobic jar is the most reliable and widely used method.

Procedure. McIntosh and Filde's anaerobic jar consists of a stout glass or metal jar with a metal lid which can be clamped air-tight with a screw. The lid is fitted with two tubes with taps, one acting as inlet for introduction of gas and the other as the outlet. The lid also contains two terminals which can be connected to an electrical supply. A catalyst (alumina pellets coated with palladium) is suspended under the lid by stout wires which are connected with the terminals to heat the catalyst for its activity. Nowadays catalyst (without heating) at room temperature is used. Culture plates inoculated with specimens are placed inside the anaerobic jar with an indicator. The lid is clamped tight. The outlet tube is connected to a vacuum pump while inlet tube is closed. The air inside is evacuated. The outlet tube is then closed and hydrogen gas is passed through inlet tube till reduced atmospheric pressure is brought to normal (i.e. 760 mm Hg) which is monitored on the vacuum gauze as zero. Electric terminals are switched on to heat the catalyst and if ‘room temperature catalyst' is used, heating is not required. The catalyst helps to combine hydrogen and residual oxygen to form water. Reduced methylene blue is generally used as indicator of anaerobiosis in the jar. It remains colourless in anaerobic conditions, but turns blue on exposure to oxygen.

4. Absorption of Oxygen by Chemical or Biological Methods 

Chemical methods:
-  Pyrogallol. Alkaline pyrogallol absorbs oxygen. This method was first introduced by Buchner (1888). A large tube containing solution of sodium hydroxide and pyrogallic acid placed inside air-tight jar produces anaerobic conditions.

-  Chromium and sulphuric acid. A mixture of chromium and sulphuric acid is used for producing anaerobiosis. The two chemicals react in the presence of oxygen and produce chromous sulphate.

-  Gas-pak. It is available commercially as a disposable packet containing pellets of sodium borohydride, cobalt chloride, citric acid and sodium bicarbonate. It is now widely used for preparing anaerobic jars. These chemicals generate hydrogen and carbon dioxide when water is added. Hydrogen combines with oxygen in the presence of a catalyst. After the inoculated plates are placed inside an air-tight jar, the packet of "Gas-pak" with water added, is kept inside and the lid is tightly closed. The "Gas-pak" technique is simple as compared to filling of gases by cylinders.

Biological method (Pasteur’s dish or Fortner’s method – Rus.). This has been attempted by incubating aerobic organisms together with anaerobic bacteria. Nutrient agar plate is divided on two halves - one is inoculated with Pseudomonas aeruginosa (aerobic bacteria) and the other with specimen of anaerobic bacteria. Bottom and lid of the Petri dish are sealed along the rims and incubated. This method is slow and ineffective. 

5. By Reducing Agents. Oxygen in culture media can be reduced by various agents such as glucose, thioglycollate, cooked meat pieces, cysteine, sodium sulphite and ascorbic acid. Based on this principle, the two most widely employed anaerobic culture media are:

Thioglycollate broth or thioglyccolate semisolid agar. It contains nutrient broth and 1% thioglycollate. Thioglyccolate semisolid agar (Medium for control of sterility – Rus.) is a nutrient agar with 0.3% agar-agar.

Cooked meat broth (CMB). It is also known as Robertson's cooked meat (RCM) medium (Kitt-Tarozzi medium – Rus.). It contains nutrient broth and pieces of fat-free minced cooked meat of ox heart. 
Principle: 1. Unsaturated fatty acids present in meat utilise oxygen for autooxidation, this   reaction is catalysed by haematin in the meat.
 2.  Glutathione and cysteine (both are reducing agents) present in meat also utilize oxygen. 
3.   Sulphydryl compounds (present in cysteine) also contribute for a reduced   oxidation-reduction (OR) potential.
Procedure. Before inoculation, the medium is boiled in water bath at 80°C for 30 minutes to make it oxygen free. For strict anaerobiosis the surface of CMB medium may be covered with a layer of sterile liquid paraffin. 
Interpretation. Saccharolytic anaerobes (Clostridium perfringens) induce turbidity in the fluid medium and turn the colour of meat pieces into red while it becomes black in case of proteolytic anaerobes (Clostridium tetani).

Iron sulphite agar is a medium for the detection of thermophilic anaerobic organisms causing sulphide spoilage in food. Iron Sulphite Agar contains sodium sulphite for some strains of Clostridium. Tryptone provides nitrogen and other nutrients necessary to support bacterial growth. The presence of anaerobic sulphite reducing bacteria is indicated by the formation of black colonies. These colonies are formed when bacteria reduce sulphite to sulphide, which reacts with iron (III) citrate to yield a black precipitate.

6. Anaerobic Chamber. It is an anaerobic incubation system. It provides oxygen-free environment for inoculating culture media and for their incubation. It is fitted with airtight rubber gloves to insert hands for working with specimens. These anaerobic chambers contain a catalyst, dessicant, hydrogen gas, carbon dioxide gas, nitrogen gas and an indicator.

The temperature range at which organism grow best is called optimum temperature. In human parasitic organism optimum temperature ranges between 30°C and 37°C. There are three groups of bacteria as regard to the temperature:  Psychrophilic - the bacteria is growing between 0°C and 25°C. they are mostly soil and water bacteria, Mesophilic - some bacteria grow between 20°C and 44°C this group include bacteria producing disease. Thermophilic - the bacteria can grow between 50 and 80°C this bacteria will survive after pasteurization processes of milk.

Energy source - either a source of carbon or other required nutrient.

Growth involves increase in cell mass and number of ribosomes, duplication of the bacterial chromosome, synthesis of new cell wall and plasma membrane, partitioning of the two chromosomes, septum formation, and cell division. The growth of microorganism can be measured by: increase in size but this a poor criterion of growth, increase in the number of microorganism by either counting the number of living cells (viable count) or all cells (total count), measurement of some component of cell structures such as protein or DNA, as an indication of microbial increase (growth) or decrease (death).

Generation time is the time required for one complete cell division. Some microbes are able to divide as rapidly as once every 12 to 15 minutes, other require up to several hours, and a few very slow growing bacteria may require more than 24 hour per cell division.
When a fresh medium is inoculated with a given number of cells, and the population growth is monitored over a period of time, plotting the data will yield a typical bacterial growth curve. Four characteristic phases of the growth cycle are recognized.
1. Lag Phase. Immediately after inoculation of the cells into fresh medium, the population remains temporarily unchanged. Although there is no apparent cell division occurring, the cells may be growing in volume or mass, synthesizing enzymes, proteins, RNA, etc., and increasing in metabolic activity. The length of the lag phase is apparently dependent on a wide variety of factors including the size of the inoculum; time necessary to recover from physical damage or shock in the transfer; time required for synthesis of essential coenzymes or division factors and time required for synthesis of new (inducible) enzymes that are necessary to metabolize the substrates present in the medium.
2. Exponential (log) Phase. The exponential phase of growth is a pattern of balanced growth where in all the cells are dividing regularly by binary fission and are growing by geometric progression. The cells divide at a constant rate depending upon the composition of the growth medium and the conditions of incubation. The rate of exponential growth of a bacterial culture is expressed as generation time, also the doubling time of the bacterial population.
3. Stationary Phase.  Exponential growth cannot be continued forever in a batch culture (e.g. a closed system such as a test tube or flask). Population growth is limited by one of three factors: 1. accumulation of toxic product and or exhaustion of available nutrients; 2. accumulation of inhibitory metabolites or end products; 3. exhaustion of space, in this case called a lack of “biological space”. During the stationary phase, the number of new cell produce balance the number of that cell die resulting in steady state.
4. Death Phase. If incubation continues after the population reaches stationary phase, a death phase follows, in which the viable cell population declines. During the death phase the number of viable cells decreases geometrically (exponentially), essentially the reverse of growth during the log phase. 
Although the characteristic growth curve shown above probably occurs under selected condition, modification do happen in nature and in some clinical circumstance. Growth of bacteria in an open environment, such as soil, water, or even the intestine generally does not follow the curve shown above, in these circumstances bacterial growth is most often continuous, so that the number of viable microorganisms remain fairly constant over long periods of time. Laboratory (in vitro) studies of bacterial growth in continuous culture have shown that the microorganisms grow exponentially in a condition of balanced growth, and the generation time is determined by the rate at which fresh nutrients are supplied to the culture. Continuous culture is usually used by genetic engineering for synthesis of some wanted things like; insulin, vitamins, toxins, enzyme, etc.
Growth media
1. Selective medium – is one which has a component(s) added to it which will inhibit or prevent the growth of certain types or species of bacteria and/or promote the growth of desired species, penicillin or other antibiotics for isolation of eukaryotes, bile salts to suppress gram positive bacteria. Eosin methylene blue (EMB) is used to differentiate lactose fermenters; In EMB agar lactose fermenters (e.g. E. coli) produce a colony with dark color and metallic Sheen. 

2. Differential media – to distinguish between different types of bacteria based on some observable trait in their pattern of growth on the medium add some kind of indicator (such as dye) to differentiate the organisms. such as blood agar and MacConkey agar.
3. Minimal media - are those that contain the minimum nutrients possible for colony growth, generally without the presence of amino acids.

4. Complex medium - is a medium that contains: a carbon source such as glucose for bacterial growth, water, various salts needed for bacterial growth, amino acid, nucleotide, is used for fastidious bacteria.

Nutrient agar is a universal (general purpose) medium supporting growth of a wide range of microorganisms, and typically contains (mass/volume): 0.5% Peptone, 0.3% beef extract/yeast extract, 1.5% agar, 0.5% NaCl. pH adjusted to neutral (6.8-7.2) at 25 °C.
Blood agar made on the basis of nutrient agar and contains mammalian blood (usually sheep or horse), typically at a concentration of 5–10%. BAP are enriched, differential media used to isolate fastidious organisms and detect their hemolytic activity. β-hemolytic activity will show lysis and complete digestion of red blood cell contents surrounding colony. Examples include Streptococcus haemolyticus. α-hemolysis will only partially lyse the hemoglobin (the cells are either lysed or not- it is the digestion that may be incomplete) and will appear green or brown (due to the conversion hemoglobin to methemoglobin). An example of this would be Streptococcus viridans. γ-hemolysis (or non-hemolytic) is the term referring to a lack of hemolytic activity. 
Chocolate agar is a type of blood agar plate in which the blood cells have been lysed by heating the cells to 56 °C. Chocolate agar is used for growing fastidious respiratory bacteria, such as Haemophilus influenzae. No chocolate is actually contained in the plate, it is named for the coloration only. 
Endo agar (also called Endo's medium) is a microbiological growth medium with a faint pink colour. Originally developed for the isolation of Salmonella typhi, it is now used mostly for coliform bacteria isolation. Most gram-negative organisms grow well in this medium, while growth of gram-positive organisms is inhibited by fuchsine. Coliform organisms ferment the lactose in this medium, producing lactic acid that decreases pH in the medium and then the colourless fuchsine-sulfurous acid (compound of fuchsin and sodium sulfite) is decomposed. So lactose fermenting bacteria produce dark green or black colonies with metallic sheen (i.e. Escherichia coli), whereas non-lactose-fermenting organisms produce clear, colourless colonies, i.e. Salmonella sp. Furthermore fuchsin and sodium sulfite prevent growth of Gram-positive bacteria. Endo agar typically contains (w/v): 1.0 % peptone, 0.25 % dipotassium hydrogen phosphate (K2HPO4), 1.0 % lactose, 0.33 % anhydrous sodium sulfite (Na2SO3), 0.03 % fuchsine, 1.25 % agar. West is MacConkey agar with lactose and neutral red.
Egg-yolk salt agar is a commonly used growth medium in microbiology. It encourages the growth of a group of certain bacteria while inhibiting the growth of others. It contains a high concentration (~6.5%-10%) of salt (NaCl), making it selective for gram-positive bacteria staphylococci since this level of NaCl is inhibitory to most other bacteria, especially Gram-negative. It is also a differential medium for lecithinase producing species Staphylococcus aureus, containing lecithine of egg yolk. Staphylococcus aureus produce yellow colonies surrounding by opaque zones with opalescent sheen. Nonproducing lecithinase staphylococci (e.g. S. epidermidis) form white colonies without opaque zones. Analogue of Egg-yolk salt agar in the West is Mannitol salt agar with mannitol and phenol red. 
III. Control of practical skills
1. Write down the composition and purpose (specify the differential diagnostic and selective components) of these nutrient media:
· Nutrient agar
· Blood agar

· Endo agar

· Egg yolk salt agar
2. Describe the principle methods of obligate anaerobes and microaerophyles cultivation
· McIntosh and Filde’s anaerobic jar

· Anaerobic jar with Gas-Pak

· Biological method (Pasteur’s dish or Fortner’s method – Rus.)

· Cooked meat broth or Robertson’s medium (Kitt-Tarozzi medium – Rus.)

· Iron Sulphite Agar

· (Wilson-Bler medium – Rus.)

· Thioglyccolate broth or Thioglyccolate semisolid agar (Medium for control of sterility – Rus.)
2.2. CULTURAL METHOD OF INFECTIOUS DISEASES DIAGNOSTICS
I. Home work.

1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p.48 – 53.
The questions for study:

1. Cultural method of bacteriological diagnostics, its purpose, stages and steps. 

2. Technique of cultural method. 

3. Kinds and examples of clinical samples.

4. Specimen collection and transport.
5. Methods of isolation of pure culture.

2) Before class draw this table in your workbook and fill in all fields: 

«Stages and steps of cultural method»

	Name of cultural method stage
	Name of cultural method step
	Short description of the step technique

	1.
	1. Sampling (taking of clinical specimen).
	

	
	2. Inoculation of nutrient medium with clinical specimen.
	

	
	3. Incubation of nutrient medium.
	

	2.
	4. Inspection of grown culture and transfer of distinctive colonies in the pure media (subcultures)
	

	
	5. Identification of pure cultures by their following features: 
	

	
	a) cultural (colony morphology) characteristics;
	

	
	b) morphological (bacterial cells appearance and arrangement) characteristics;
	

	
	c) biochemical characteristics; 
	

	
	d) antigenic characteristics.
	

	Additional examination of pure culture: 

a) antibiotic sensitivity test.
	

	b) typing methods
	


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Cultural method of bacteriological diagnostics, its purpose, stages and steps. 

2. Technique of cultural method. 

3. Kinds and examples of clinical samples.

4. Specimen collection and transport.
5. Methods of isolation of pure culture.

THE THEORETICAL REFERENCE
The specimen. The primary connection between the clinical encounter and diagnostic laboratory is the specimen submitted for processing. If it is not appropriately chosen and/or collected, no degree of laboratory skill will rectify the error. Failure at the level of specimen collection is the most common reason for failure to establish an etiologic diagnosis, or worse, for suggesting a wrong diagnosis. In the case of bacterial infections, the primary problem lies in distinguishing resident or contaminating normal floral organisms from those causing the infection. The three specimen categories discussed below.

Specimens for the diagnosis of infection. 
 Direct specimen. The pathogen is localized in an otherwise sterile site and a barrier such as the skin must be passed to sample it. This may be done surgically or by needle aspiration as shown. The specimen collected contains only the pathogen. Examples: deep abscess, cerebrospinal fluid. 
 Indirect sample. The pathogen is localized as in  but must pass through a site containing normal flora in order to be collected. The specimen contains the pathogen but is contaminated with the nonpathogenic flora. The degree of contamination is often related to the skill with which the normal floral site was “bypassed” in specimen collection. Examples: expectorated sputum, voided urine. 
          Sample from site with normal flora. The pathogen and nonpathogenic flora are mixed at the site of infection. Both are collected and the nonpathogen is either inhibited by the use of selective culture methods or discounted in interpretation of culture results. Examples: throat, stool.

Direct Tissue or Fluid Samples. Direct specimens are collected from normally sterile tissues (lung, liver) and body fluids (cerebrospinal fluid, blood). The methods range from needle aspiration of an abscess to surgical biopsy. In general, such collections require the direct involvement of a physician and may carry some risk for the patient. The results are always useful, because positive findings are diagnostic and negative findings can exclude infection at the suspected site.

Indirect Samples are specimens of inflammatory exudates (expectorated sputum, voided urine) that have passed through sites known to be colonized with normal flora. The site of origin is usually sterile in healthy persons; however, some assessment of the probability of contamination with normal flora during collection is necessary before these specimens can be reliably interpreted. This assessment requires knowledge of the potential contaminating flora as well as the probable pathogens to be sought. Indirect samples are usually more convenient for both physician and patient, but carry a higher risk of misinterpretation. For some specimens, such as expectorated sputum, guidelines to assess specimen quality have been developed by correlation of clinical and microbiologic findings.
Samples from Normal Flora Sites. Frequently the primary site of infection is in an area known to be colonized with many organisms (pharynx and large intestine). In such instances, examinations are selectively made for organisms known to cause infection that are not normally found at the infected site. For example, Salmonella, Shigella, and Campylobacter may be specifically sought in a stool specimen because they are known to cause diarrhea. It is neither practical nor relevant to describe the other stool flora.
Specimen Collection and Transport. The sterile swab is the most convenient and most commonly used tool for specimen collection, however, it provides the poorest conditions for survival and can only absorb a small volume of inflammatory exudate. The worst possible specimen is a dried-out swab; the best is a collection of 5 to 10 mL or more of the infected fluid or tissue. The volume is important because infecting organisms present in small numbers may not be detected in a small sample.

Specimens should be transported to the laboratory as soon after collection as possible, because some microorganisms survive only briefly outside the body. For example, unless special transport media are used, isolation rates of the organism that causes gonorrhea (Neisseria gonorrhoeae) are decreased when processing is delayed beyond a few minutes. Likewise, many respiratory viruses survive poorly outside the body. On the other hand, some bacteria survive well and may even multiply after the specimen is collected. The growth of enteric Gram-negative rods in specimens awaiting culture may in fact compromise specimen interpretation and interfere with the isolation of more fastidious organisms. Significant changes are associated with delays of more than 3 to 4 hours.

Various transport media have been developed to minimize the effects of the delay between specimen collection and laboratory processing. In general, they are buffered fluid or semisolid media containing minimal nutrients and are designed to prevent drying, maintain a neutral pH, and minimize bacterial growth. Other features may be required to meet special requirements, such as an oxygen-free atmosphere for obligate anaerobes.
Isolation of pure culture. Growth and identification of the infecting agent in vitro is usually the most sensitive and specific means of diagnosis and is thus the method most commonly used. Most bacteria and fungi can be grown in a variety of artificial media, but strict intracellular microorganisms (ex. Chlamydia, Rickettsia, and human and animal viruses) can be isolated only in cultures of living eukaryotic cells. Almost all medically important bacteria can be cultivated outside the host in artificial culture media. A single bacterium placed in the proper culture conditions will multiply to quantities sufficient to be seen by the naked eye.

Separation of bacteria may be accomplished by using a sterile wire loop to spread a small sample over the surface of an agar plate in a structured pattern called plate streaking. Bacteria that are well separated from others grow as isolated colonies, often reaching 2 to 3 mm in diameter after overnight incubation. For diagnostic work, growth of bacteria on solid media has advantages over the use of broth cultures. It allows isolation of bacteria in pure culture, because a colony well separated from others can be assumed to arise from a single organism or an organism cluster (colony-forming unit).

Colonies vary greatly in size, shape, texture, color, and other features. For example, colonies of organisms possessing large polysaccharide capsules are usually mucoid; those of organisms that fail to separate after division are frequently granular. Colonies from different species or genera often differ substantially, whereas those derived from the same strain are usually consistent. Differences in colonial morphology are very useful for separating bacteria in mixtures and as clues to their identity. 

Bacterial Identification. Once growth is detected in any medium, the process of identification begins. Identification involves the use of methods to obtain pure cultures from single colonies, followed by tests designed to characterize and identify the isolate. The exact tests and their sequences vary with different groups of organisms, and the taxonomic level (genus, species, subspecies, and so on) of identification needed varies according to the medical usefulness of the information. In some cases, only a general description or the exclusion of particular organisms is important. For example, a report of “mixed oral flora” in a sputum specimen or “no N. gonorrhoeae” in a cervical specimen may provide all of the information needed.

Features used to identify bacteria

Cultural characteristics include the demonstration of colony morphology, pigment production and the ability to grow in the presence of certain substances (sodium chloride, bile) or on certain media (MacConkey, nutrient agar). Demonstration of the ability to grow at a particular temperature or to cause hemolysis on blood agar plates is also used.

Biochemical characteristics. The ability to attack various substrates or to produce particular metabolic products has broad application to the identification of bacteria. Biochemical and cultural tests for bacterial identification are analyzed by reference to tables that show the reaction patterns characteristic for individual species. In fact, advances in computer analysis have now been applied to identification of many bacterial and fungal groups. These systems use the same biochemical principles along with computerized databases to determine the most probable identification from the observed test pattern.

Pathogenicity and toxin production. Direct evidence of virulence in laboratory animals is rarely needed to confirm a clinical diagnosis. Guinea pigs, rabbits and mice are mostly used for pathogenicity tests. These animals may be injected by subcutaneous, intramuscular, intraperitoneal, intravenous or intracerebral routes depending upon the organism to be tested. The identification of the organism is carried out on the basis of postmortem findings and cultural characteristics. In some diseases caused by production of a specific toxin, the toxin may be detected in vitro through cell cultures or immunologic methods. Neutralization of the toxic effect with specific antitoxin is the usual approach to identify the toxin.

Antigenic structure. Bacteria possess many antigens, such as capsular polysaccharides, flagellar proteins and several cell wall components. Serology involves the use of serum with antibodies of known specificity to detect antigens present on whole bacteria or free in bacterial extracts (soluble antigens). Biochemically identified organisms are further confirmed by agglutination or precipitation reaction. Unknown bacterial antigen is identified with known specific sera by slide agglutination test.

Typing methods. They are useful for epidemiological studies. All the above mentioned tests can identify up to species level though intraspecies differentiation is not possible. Hence, typing methods like bacteriophage typing, bacteriocin typing and others are very useful for intraspecies differentiation. Typing methods help to find out the source of infection during epidemics or sometimes in outbreak of food poisoning. 

The technique of Cultural method of diagnostics
All steps of cultural method performed by student as simulation class during a lesson although really it takes days. 

The 1st day. Inoculation of clinical specimen on the surface of agar plate with plate streaking. 

-  The specimen is placed on the plate with a wire loop in the oval square near the plate edge. Then streak the rest of plate surface by parallel lines with interspaces about 5 mm. During the procedure keep the loop gently and parallel to plate surface to prevent scratching of the agar medium.

-  The loop is flamed to remove residual bacteria. 

- Keep the plate in the thermostat at 37°C for overnight. 

The 2nd day. 

-  Study of cultural characteristics of arised colonies. In a day after right plate streaking isolated colonies occurred on the surface of agar medium. You should describe the different kinds of colonies by their size (diameter in mm), color, shape (circular, irregular), surface (smooth, rough, granular), opacity (transparent, translucent, opaque) and edge (entire, crenated, lobate, ciliate). 

-  Examining of bacterial cell morphology. Make smears from parts of different colonies, stain them after Gram and examine with oil microscopy.

- The rest of colonies must be reinoculate into culture tubes on slanting nutrient agar for pure culture obtaining. Keep the tubes in the thermostat at 37°C for overnight.

The 3rd day. 

- Examining of pure culture. Make smears from pure cultures in tubes, stain them after Gram and examine with oil microscopy to control purity or mixing of cultures and confirm their morphology.

-  Inoculate suspension of the pure cultures in special sets of differential media distributed in a 96-well plate. They are called biochemical test systems. ENTERO test uses for Gram-negative rodlike bacteria and STAPHYtest uses for Gram-positive cocci arranged in irregular clusters. Every well of plate is inoculated with 0.1 ml suspension (109 CFU/ml) of studying culture by automatic or glass pipette. Keep the plate in the thermostat at 37°C for overnight. 

The 4th day. The species identification of isolated cultures.

Evaluate results of biochemical test by change of indicator color in wells of plate and match them with special tables for the test systems. In according to the set of fermented substrates determine species of isolated cultures and write them. 

III. Control of practical skills 
1. Draw a scheme of inoculation  the test material on nutrient media to produce isolated colonies (mechanical separation).
2. Draw a diagram of the bacteriological method of diagnosis. Identify two stages: isolating the pure culture of the pathogen and identifying the microorganism
2.3. BACTERIAL GENETICS. BACTERIOPHAGES AND THEIR APPLICATION
I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 63-80.
The questions for study:

1. Structure and features of bacterial genome.

2. Types and features of plasmids.

3. Genetic variation in bacteria. Mutations and their classification.

4. Mobile genetic elements and their characteristics. 

5. Horizontal and vertical gene transfers.

6. Recombinations. Transformation, its steps and mechanism.

7. Conjugation, its kinds. Steps and mechanism of F+ conjugation.

8. Bacteriophage structure and features.

9. Lytic and lysogenic life cycles of bacteriophage, their steps. Features of lysogenic cycle.

10. Application of lytic and lysogenic phages in medicine and genetic engineering.

11. Transduction, its kinds. Steps and mechanism of generalized transduction.

12. Principles of genetic methods of diagnostics (PCR and hybridization with DNA-probes).

2) Before class in your workbook: 

a) Draw with color pencils a scheme of transformation (with names of 4 steps)

b) Draw with color pencils a scheme of F+ conjugation (with names of 4 steps)

c) Draw with color pencils a scheme of generalised transduction (with names of 7 steps)
II.Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Structure and features of bacterial genome.

2. Types and features of plasmids.

3. Genetic variation in bacteria. Mutations and their classification.

4. Mobile genetic elements and their characteristics. 

5. Horizontal and vertical gene transfers.

6. Recombinations. Transformation, its steps and mechanism.

7. Conjugation, its kinds. Steps and mechanism of F+ conjugation.

8. Bacteriophage structure and features.

9. Lytic and lysogenic life cycles of bacteriophage, their steps. Features of lysogenic cycle.

10. Application of lytic and lysogenic phages in medicine and genetic engineering.

11. Transduction, its kinds. Steps and mechanism of generalized transduction.

12. Principles of genetic methods of diagnostics (PCR and hybridization with DNA-probes).

THE THEORETICAL REFERENCE
Genetics is the study of genes including the structure of genetic materials, what information is stored in the genes, how the genes are expressed and how the genetic information is transferred. Genetics is also the study of heredity and variation. The arrangement of genes within organisms is its genotype and the physical characteristics an organism based on its genotype and the interaction with its environment, make up its phenotype. The order of DNA bases constitutes the bacterium's genotype. A particular organism may possess alternate forms of some genes. Such alternate forms of genes are referred to as alleles. The cell's genome is stored in chromosomes, which are chains of double stranded DNA. Genes are sequences of nucleotides within DNA that code for functional proteins. The genetic material of bacteria and plasmids is DNA. The two essential functions of genetic material are replication and expression.

In contrast to the linear chromosomes found in eukaryotic cells, most bacteria have single, covalently closed, circular chromosomes. Not all bacteria have a single circular chromosome: some bacteria have multiple circular chromosomes. Many bacteria have linear chromosomes and linear plasmids. 

Mutations are heritable changes in genotype that can occur spontaneously or be induced by chemical or physical treatments. (Organisms selected as reference strains are called wild type, and their progeny with mutations are called mutants.) The process of mutation is called mutagenesis and the agent inducing mutations is called mutagen. Changes in the sequence of template DNA (mutations) can drastically affect the type of protein end product produced. For a particular bacterial strain under defined growth conditions, the mutation rate for any specific gene is constant and is expressed as the probability of mutation per cell division. Spontaneous mutation occurs naturally about one in every million to one in every billion divisions. Mutation rates of individual genes in bacteria range from 10-2 to 10-10 per bacterium per division. Most spontaneous mutations occur during DNA replication. Types of mutation: missense mutation, nonsense mutation, silent mutation, frameshift mutation, lethal mutation, suppressor mutation, conditional lethal mutation, inversion mutation.

Sometimes when two pieces of DNA come into contact with each other, sections of each DNA strand will be exchanged. This is usually done through a process called crossing over in which the DNA breaks and is attached on the other DNA strand leading to the transfer of genes and possibly the formation of new genes. Genetic recombination is the transfer of DNA from one organism to another. The transferred donor DNA may then be integrated into the recipient's nucleoid by various mechanisms. In the case of homologous recombination, homologous DNA sequences having nearly the same nucleotide sequences are exchanged by means of breakage and reunion of paired DNA segments. Genetic information can be transferred from organism to organism through vertical transfer (from a parent to offspring) or through horizontal transfer methods such as conjugation, transformation or transduction. Bacterial genes are usually transferred to members of the same species but occasionally transfer to other species can also occur.

Plasmids are extra chromosomal elements found inside a bacterium. These are not essential for the survival of the bacterium but they confer certain extra advantages to the cell. A bacterium can have no plasmids at all or have many plasmids (20-30) or multiple copies of a plasmid. Usually they are closed circular molecules, however they occur as linear molecule in Borrelia burgdorferi. Their size can vary from 1 Kb to 400 Kb. Plasmids multiply independently of the chromosome and are inherited regularly by the daughter cells. Types of plasmids: R factor, Col factor, RTF and F factor. Application of plasmids: 1. Used in genetic engineering as vectors. 2. Plasmid profiling is a useful genotyping method.

Episomes. Previously, it was considered synonymous with plasmids. F factors are those plasmids that can code for self transfer to other bacteria. Occasionally such plasmids get spontaneously integrated into chromosome. Plasmids with this capability are called episomes and such bacterial cells are called Hfr cells i.e. high frequency of recombination.

Transposable genetic elements are segments of DNA that have the capacity to move from one location to another (i.e. jumping genes). Properties: 1. Random movement: transposable genetic elements can move from any DNA molecule to any DNA other molecule or even to another location on the same molecule. The movement is not totally random; there are preferred sites in a DNA molecule at which the transposable genetic element will insert. 2. Not capable of self replication: the transposable genetic elements do not exist autonomously and thus, to be replicated they must be a part of some other replicon. 3. Transposition mediated by site-specific recombination: transposition requires little or no homology between the current location and the new site. The transposition event is mediated by an enzyme transposase that is coded by the transposable genetic element. Recombination that does not require homology between the recombining molecules is called illegitimate or nonhomologous recombination. 4. Transposition can be accompanied by duplication: in many instances transposition of the transposable genetic element results in removal of the element from the original site and insertion at a new site. However, in some cases the transposition event is accompanied by the duplication of the transposable genetic element. One copy remains at the original site and the other is transposed to the new site. 

Transduction is virus-mediated transfer of genetic information from donor to recipient cell. To understand transduction and its several mechanisms, it is necessary to preview the nature of bacterial viruses. Viruses are capable of reproduction only inside living cells. Those that grow in bacteria are called bacteriophages, or simply phages. They are minimally composed of protein and nucleic acid, although some may have a very complex structure and composition. The individual virus particle or virion consists of a protein capsid enclosing genomic nucleic acid, which is either RNA or DNA, but never both. Virions infect sensitive cells by adsorbing to specific receptors on the cell surface and then, in the case of phages, injecting their DNA or RNA. Phages come in two functional varieties according to what happens after injection of the viral nucleic acid. Virulent (lytic) phages cause lysis of the host bacterium as a culmination of the synthesis of many new virions within the infected cell. Temperate phages may initiate a lytic growth process of this sort or can enter a quiescent form (called a prophage), in which the infected host cell is permitted to proceed about its business of growth and division but passes on to its descendants a prophage genome capable of being induced to produce phage in a process nearly identical to the growth of lytic phages. The bacterial cell that harbors a latent prophage is said to be a lysogen (capable of producing lytic phages), and its condition is referred to as lysogeny.

Lysogens are immune to infection by virions of the type they harbor as prophage. Occasionally, lysogens are spontaneously induced and lysed by the phage and release mature virions (as many as 75 to 150 or more per cell) into the environment. When triggered by UV irradiation or certain chemicals, an entire population of lysogens are induced simultaneously to initiate reproduction of their latent virus followed by lysis of the host cells. Infection of a sensitive cell with the temperate phage can lead to either lysis or lysogeny. The prophage of different temperate phages exists in one of two different states. In the first, the prophage DNA is physically integrated into a bacterial chromosome; in the second, it remains separate from the chromosome as an independently replicating, circularized, molecule of DNA. Prophages of this sort are in fact plasmids. For the most part, transduction is mediated by temperate phage, and the two broad types of transduction result from the different physical forms of prophage and the different means by which the transducing virion is formed. These are termed generalized transduction, by which any bacterial gene stands an equal chance of being transduced to a recipient cell, and specialized or restricted transduction, by which only a few genes can be transduced.

Generalized Transduction. Some phages package DNA into their capsids in a nonspecific way, the headful mechanism, in which any DNA can be stuffed into the capsid head until it is full. An endonuclease then trims off any projecting excess. If fragments of host cell DNA are around during the assembly of mature virions, they can become packaged in place of virus DNA, resulting in pseudovirions. Pseudovirions are the transducing agents. They can adsorb to sensitive cells and inject the DNA they contain as though it were viral DNA. The result is the introduction of donor DNA into the recipient cell. Any given gene has an equal probability of being transduced by this process. With the temperate phage P1 of E. coli, this probability is approximately one transduction event per 105 to 108 virions, because nearly 1 out of every 1000 phage particles made in a P lytic infection are pseudovirions, and the bacterial DNA fragments packaged are 1 to 2% of the length of the chromosome. Cotransduction of two bacterial genes by a single pseudovirion occurs only if they are located close together within this small length of the chromosome, and this fact facilitates mapping the position of a newly discovered gene. Once injected into the host cell, the transduced DNA is lost by degradation unless it can recombine with the chromosome of the recipient cell. Usually it goes by homologous recombination in which both strands of the exogenote cross into and replace the homologous segment of the recipient’s chromosome. However, sometimes the exogenote can persist without degradation by assuming a stable circular configuration. Transfer of genes between bacterial cells by phage is a reasonably common phenomenon. It occurs at significant frequency in nature; for example, genes conferring antimicrobic resistance in staphylococci are often transduced from strain to strain in this way. The toxins responsible for the severe clinical symptoms of diphtheria and of cholera are encoded by genes transduced into Corynebacterium diphtheriae and Vibrio cholerae, respectively. Transduction is also used extensively as a tool in molecular biology research. Typing methods are useful for epidemiological studies. Bacteriophage typing is very useful for final species identification and intraspecies differentiation. Typing methods help to find out the source of infection during epidemics or outbreak.
Recombination DNA and Gene Cloning. Gene cloning is the process of incorporating foreign genes into hybrid DNA replicons. Cloned genes can be expressed in appropriate host cells, and the phenotypes that they determine can be analyzed. Some key concepts underlying representative methods are summarized here. Practical DNA Technology Uses: diagnosis of disease, human gene therapy, Pharmaceutical products (vaccines), forensics, animal husbandry (transgenic organisms), genetic engineering in plants, ethical concerns?

           The polymerase chain reaction (PCR) is a technology in molecular biology used to amplify a single copy or a few copies of a piece of DNA across several orders of magnitude, generating thousands to millions of copies of a particular DNA sequence. Developed in 1983 by Kary Mullis, PCR is now a common and often indispensable technique used in medical and biological research labs for a variety of applications. These include DNA cloning for sequencing, DNA-based phylogeny, or functional analysis of genes; the diagnosis of hereditary diseases; the identification of genetic fingerprints (used in forensic sciences and paternity testing); and the detection and diagnosis of infectious diseases. The method relies on thermal cycling, consisting of cycles of repeated heating and cooling of the reaction for DNA melting and enzymatic replication of the DNA. Primers (short DNA fragments) containing sequences complementary to the target region along with a DNA polymerase, which the method is named after, are key components to enable selective and repeated amplification. As PCR progresses, the DNA generated is itself used as a template for replication, setting in motion a chain reaction in which the DNA template is exponentially amplified. PCR can be extensively modified to perform a wide array of genetic manipulations.

PCR permits early diagnosis of malignant diseases such as leukemia and lymphomas, which is currently the highest-developed in cancer research and is already being used routinely. PCR assays can be performed directly on genomic DNA samples to detect translocation-specific malignant cells at a sensitivity that is at least 10,000 fold higher than that of other methods. PCR allows for rapid and highly specific diagnosis of infectious diseases, including those caused by bacteria or viruses. PCR also permits identification of non-cultivatable or slow-growing microorganisms such as mycobacteria, anaerobic bacteria, or viruses from tissue culture assays and animal models. The basis for PCR diagnostic applications in microbiology is the detection of infectious agents and the discrimination of non-pathogenic from pathogenic strains by virtue of specific genes. Viral DNA can likewise be detected by PCR. The primers used must be specific to the targeted sequences in the DNA of a virus, and the PCR can be used for diagnostic analyses or DNA sequencing of the viral genome. The high sensitivity of PCR permits virus detection soon after infection and even before the onset of disease. Such early detection may give physicians a significant lead time in treatment. The amount of virus ("viral load") in a patient can also be quantified by PCR-based DNA quantitation techniques (see below).

Limitations. DNA polymerase is prone to error, which in turn causes mutations in the PCR fragments that are made. Additionally, the specificity of the PCR fragments can mutate to the template DNA, due to nonspecific binding of primers. Furthermore prior information on the sequence is necessary in order to generate the primers.
The technique bacteriophage  typing of bacteria
1. On the surface of solid media (nutrient agar) the studying cultures are inoculated with lawn plating technique. 

2. Places of phages inoculation are marked in the bottom of the Petri dish.  

3. Indicator bacteriophages of different types are dropped with pipettes exactly at their places. 

4. The plate is incubated in thermostat under 37° C for 18-24 hours.

5. In a day outcome is registered. On surface of the plates plaques of bacterial lysis are revealed and types of active phage are identified.

6. Compare phagotypes of bacterial cultures isolated from different samples with each other.
Scheme of Phage typing

[image: image8.emf]
III. Control of practical skills 
1. Explain the nature of the bacteriophage - to which kingdom of living beings belongs?
2.  Describe the phases of interaction of a virulent bacteriophage with a bacterial cell sensitive to it.

3.  Give the definition of a mild bacteriophage?

4. Give definitions to the phenomena: transformation, transduction, conjugation, lysogenic conversion.

TOPIC 3.  ECOLOGY OF MICROORGANISMS
3.1. SANITARY MICROBIOLOGY. ENVIRONMENTAL MICROORGANISMS OF WATER, SOIL, AIR
I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 639 – 645.
The questions for study:

1. Microorganisms of environment (water, soil, air) including human pathogens.

2. Methods of sanitary microbiology. Common microbial number and sanitary indicator microorganisms: definitions.

3. Sanitary indicator microorganisms, detected in different objects of environment (water, soil, air, food, medical instruments).

4. Bacteriological examination of water.

5. Bacteriological examination of air.

2) Before class draw this table in your workbook and fill in all fields: 

«Microorganisms of environment»

	Object
	Nonpathogenic

for man microorganisms (names)
	Pathogenic 

for man microorganisms (names)
	Sanitary indicator microorganisms (names)

	Water
	
	
	

	Soil
	
	
	

	Air
	
	
	

	Food
	
	
	

	Med. instruments
	
	
	


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part
Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Microorganisms of environment (water, soil, air) including human pathogens.

2. Methods of sanitary microbiology. Common microbial number and sanitary indicator microorganisms: definitions.

3. Sanitary indicator microorganisms, detected in different objects of environment (water, soil, air, food, medical instruments).

4. Bacteriological examination of water.

5. Bacteriological examination of air.

THE THEORETICAL REFERENCE
Environmental microbiology is the study of the composition and physiology of microbial communities in the environment. The environment in this case means the soil, water, air and sediments covering the planet and can also include the animals and plants that inhabit these areas. Environmental microbiology also includes the study of microorganisms that exist in artificial environments such as bioreactors.

Microbial life is amazingly diverse and microorganisms literally cover the planet. It is estimated that we know fewer than 1% of the microbial species of our planet. Microorganisms can survive in some of the most extreme environments on the planet and some, for example the Archaea, can survive high temperatures, often above 100°C, as found in geysers, black smokers, and oil wells. Some are found in very cold habitats and others in highly saline, acidic, or alkaline water.

An average gram of soil contains approximately one billion (1,000,000,000) microbes representing probably several thousand species. Microorganisms have special impact on the whole biosphere. They are the backbone of ecosystems of the zones where light cannot approach. In such zones, chemosynthetic bacteria are present which provide energy and carbon to the other organisms there. Some microbes are decomposers which have ability to recycle the nutrients. Microbes have a special role in biogeochemical cycles. Microbes, especially bacteria, are of great importance because their symbiotic relationship (either positive or negative) have special effects on the ecosystem. 

Since a man respires about 15 cubic meters of air in a day, therefore, the bacterial content of air is important particularly so when the air contains pathogenic organisms. Man is an important source of spreading bacteria in the environment during coughing and sneezing. The bacterial content in air depends on increased density of human and animal population, nature of soil, amount of vegetation and atmospheric conditions. Indicators of air pollution are Staphylococcus aureus and haemolytic streptococci. They must be absent in air of lying-in ward, operation theatre, newborns ward and postoperative ward.

Bacteriological examination of air is necessary for surgical operation dieatres, hospital wards, store house of food and pharmacy. There are two types of method for bacteriological examination of air:  1. Settle plate method, 2. Slit sampler method. 

Settle Plate Method. Petri dishes containing nutrient agar and blood agar are left open for half to one hour. Large bacteria carrying dust particles settle onto the medium. The plates are incubated at 37°C for 24 hours. Colonies are then counted. For pathogenic staphylococci and streptococci, blood agar plates are used. This method is used for testing air in surgical operation theatres and hospital wards.

Slit Sampler Method. The number of bacteria in a measured volume of air is determined by slit sampler method. 1000 L volume of air is directed onto a plate containing culture medium through a slit of 0.25 mm wide. The plate is rotated mechanically so as to allow the organisms to spread out evenly on the medium. The culture media are incubated and the colonies are counted. The number of colonies gives the number of bacteria present in the air.

Acceptable Limit of Air Pollution: Bacterial count should not exceed the upper limit of 50 per cubic foot in factories, offices and homes; 10 per cubic foot in operation theatre and 1 per cubic foot in operation theatre for neurosurgery.

Water for human consumption, must be free from toxic substances and pathogenic microorganisms. Drinking water should not only be safe but also pleasant to drink i.e. clear, colourless and devoid of disagreeable taste or smell. Drinking water is liable to be contaminated with sewage or other excreted material which may cause intestinal or other systemic infections. The hazards of water pollution are classified into two broad groups i.e. biological and chemical. Biological hazards are due to infective agents which may lead to water-borne diseases. Chemical pollutants include poisonous chemical substances, industrial or agricultural wastes.

Fecal pollution of water supplies may lead to various water-borne diseases. The purpose of microbiological study of water supplies is to detect whether pollution of the water by pathogenic organisms has occurred or not. Though it would be ideal to demonstrate the possible pathogens in water, but it is not practicable as they are usually few and far outnumbered by non-pathogenic organisms. Hence, we rely on tests that detect indicators of human/animal fecal pollution i.e. intestinal organisms. The organisms most commonly used as indicators of pollution are Escherichia coli and the coliform group. In certain conditions, Streptococcus faecalis and Clostridium perfringens are also searched for.

Sanitary state of water reservoir is estimated by:

1)
Total Microbial Count (Plate Count or Common Microbial Number) – a number of bacteria grown in a nutrient agar after inoculation of 1 ml water.

2)
Total (Common) Coliform Bacteria – bacteria of coliform group producing aldehyde, acid and gas from lactose at 37°С. Group of coliforms is included bacteria of Enterobacteriaceae family and the following genus Escherichia, Citrobacter, Enterobacter, Klebsiella. They are Gram-negative, non spore forming, oxydase-negative, rod shaped, producing acid and gas from lactose and glucose at 37°С for 24 h. These bacteria fall into environment mainly with feces of man and warm-blooded animals. 

3)
Fecal Coliform Bacteria (Thermotolerant Coliform Bacteria) – total (common) coliform bacteria, producing aldehyde, acid and gas from lactose at 44°С for 24 h. Thermotolerance is left very fast so occurrence of such bacteria suggests recent getting of coliforms into water (recent fecal pollution).

The BIS (Indian standard specification for drinking water - BIS 10500, 1991) recommended value for coliforms is 0 in 100 ml, but the presence of coliforms makes the water unsuitable for drinking. 

Evaluation of total and fecal coliform bacteria is performed with membrane filtration method or method of serial dilutions in the liquid medium.

Membrane filtration method. A measured volume of water is filtered through a membrane which retains the bacteria on its surface. The membrane is then placed on a suitable medium and incubated, so that bacteria grow into colonies on its upper surface. The number of colonies is counted and the bacterial content of the water is calculated.

The technique of bacteriological examination of air in hospital
Petri dishes with Yolk salt agar (for Staphylococcus aureus) left open for 40 min. The plates are incubated at 37°C for 24 hours. Then colonies are counted, cultural properties of colonies are studied and morphology of microorganisms is evaluated with Gram stain. For count of bacterial number in 1 cubic meter of air a number of colonies on a plate is multiplied by 100 (because it was estimated that amount of bacteria settled on the plate for 40 min is approximately equal to amount of bacteria in 10 L of air).

The technique  of bacteriological examination
of water with total coliform test
100 ml of water is filtered through a membrane which retains the bacteria on its surface. The membrane is then placed on an Endo agar and incubated at 37°С. After 24 h incubation the total coliform bacteria are in the water are calculated.

III. Control of practical skills 
1. Explain the goals and objectives of sanitary microbiology.

2. Write down the requirements for sanitation microorganisms

3. Record the composition of the microflora of water and the methods for determining it

4. Write down the composition of the microflora of the air and the methods for determining it
5.  Write down the composition of soil microflora and methods of its determination
3.2. ASEPSIS, STERILIZATION AND DISINFECTION 

I. Home work

1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 29-42.
The questions for study:

1. Environment factors affecting microorganisms, results of their action.

2. Conditions defining result of factor action.

3. Definitions of asepsis, antiseptics, sterilization and disinfection.

5. Methods of sterilization. Sterilization control.

6. Chemical agents using as antiseptics and disinfectants.

2) Before class draw this table in your workbook and fill in all fields:
Classification of disinfectants based on spectrum of activity
	
	Spectrum of activity

	
	High level
	Intermediate level
	Low level

	Vegetative cells
	
	
	

	Mycobacteria
	
	
	

	Spores
	
	
	

	Fungi
	
	
	

	Viruses
	
	
	

	Examples
	Ethylene Oxide, Gluteraldehyde, Formaldehyde
	Phenolics

Halogens
	Quaternary ammonium compounds

Alcohols


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Environment factors affecting microorganisms, results of their action.

2. Conditions defining result of factor action.

3. Definitions of asepsis, antiseptics, sterilization and disinfection.

4. Methods of sterilization. Sterilization control.

5. Chemical agents using as antiseptics and disinfectants.

THE THEORETICAL REFERENCE
Death/killing as it relates to microbial organisms is defined in terms of how we detect them in culture. Operationally, it is a loss of ability to multiply under any known conditions. This is complicated by the fact that organisms that appear to be irreversibly inactivated may sometimes recover when appropriately treated. A period of exposure to visible light may then activate an enzyme that breaks the dimers and restores viability by a process known as photoreactivation. Mechanisms also exist for repair of the damage without light. Such considerations are of great significance in the preparation of safe vaccines from inactivated virulent organisms.

Sterilization is complete killing, or removal, of all living organisms from a certain location or material. It can be accomplished by incineration, nondestructive heat treatment, certain gases, exposure to ionizing radiation, some liquid chemicals, and filtration.

Disinfection is the destruction of pathogenic microorganisms in environmental sites with liquid chemical agents known as disinfectants, which usually have some degree of selectivity. Bacterial spores, organisms with waxy coats (eg, mycobacteria), and some viruses may show considerable resistance to the common disinfectants. 

Antiseptics are chemical agents that can be used on body surfaces such as the skin or vaginal tract to reduce the numbers of normal flora and pathogenic contaminants. They have lower toxicity than disinfectants used environmentally but are usually less active in killing vegetative organisms. 

Asepsis is a complex of processes designed to prevent falling of microorganisms into sterile object (operational wound, nutrient medium etc.). It is applied in many procedures used in the operating room, in the preparation of therapeutic agents, and in technical manipulations in the microbiology laboratory. An essential component of aseptic techniques is the sterilization of all materials and equipment used.

Decontamination is the process of removal of contaminating pathogenic microorganisms from the articles by a process of sterilization or disinfection. It is the use of physical or chemical means to remove, inactivate, or destroy living organisms on a surface so that the organisms are no longer infectious.

Sanitization is the process of chemical or mechanical cleansing, applicable in public health systems. Usually used by the food industry. It reduces microbes on eating utensils to safe, acceptable levels for public health. 
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Physical methods of sterilization
Sunlight: The microbicidal activity of sunlight is mainly due to the presence of ultra violet rays in it. It is responsible for spontaneous sterilization in natural conditions. In tropical countries, the sunlight is more effective in killing germs due to combination of ultraviolet rays and heat. By killing bacteria suspended in water, sunlight provides natural method of disinfection of water bodies such as tanks and lakes. Sunlight is not sporicidal, hence it does not sterilize. 

Heat: Heat is considered to be most reliable method of sterilization of articles that can withstand heat. Heat acts by oxidative effects as well as denaturation and coagulation of proteins. Those articles that cannot withstand high temperatures can still be sterilized at lower temperature by prolonging the duration of exposure.

Factors affecting sterilization by heat are:

· Nature of heat: Moist heat is more effective than dry heat

· Temperature and time: temperature and time are inversely proportional. As temperature increases the time taken decreases.

· Number of microorganisms: More the number of microorganisms, higher the temperature or longer the duration required.

· Nature of microorganism: Depends on species and strain of microorganism, sensitivity to heat may vary. Spores are highly resistant to heat.

· Type of material: Articles that are heavily contaminated require higher temperature or prolonged exposure. Certain heat sensitive articles must be sterilized at lower temperature.

· Presence of organic material: Organic materials such as protein, sugars, oils and fats increase the time required.

Action of heat. Dry heat acts by protein denaturation, oxidative damage and toxic effects of elevated levels of electrolytes. The moist heat acts by coagulation and denaturation of proteins. Moist heat is superior to dry heat in action. Temperature required to kill microbe by dry heat is more than the moist heat. Thermal death time is the minimum time required to kill a suspension of organisms at a predetermined temperature in a specified environment.

Red heat: Articles such as bacteriological loops, straight wires, tips of forceps and searing spatulas are sterilized by holding them in Bunsen flame till they become red hot. This is a simple method for effective sterilization of such articles, but is limited to those articles that can be heated to redness in flame.

Flaming: This is a method of passing the article over a Bunsen flame, but not heating it to redness. Articles such as scalpels, mouth of test tubes, flasks, glass slides and cover slips are passed through the flame a few times. Even though most vegetative cells are killed, there is no guarantee that spores too would die on such short exposure. This method too is limited to those articles that can be exposed to flame. Cracking of the glassware may occur.

Incineration: This is a method of destroying contaminated material by burning them in incinerator. Articles such as soiled dressings; animal carcasses, pathological material and bedding etc should be subjected to incineration. This technique results in the loss of the article, hence is suitable only for those articles that have to be disposed. Burning of polystyrene materials emits dense smoke, and hence they should not be incinerated.

Hot air oven: This method was introduced by Louis Pasteur. Articles to be sterilized are exposed to high temperature (160 0C) for duration of one hour in an electrically heated oven. Since air is poor conductor of heat, even distribution of heat throughout the chamber is achieved by a fan. The heat is transferred to the article by radiation, conduction and convection. The oven should be fitted with a thermostat control, temperature indicator, meshed shelves and must have adequate insulation. Articles sterilized: Metallic instruments (like forceps, scalpels, scissors), glasswares (such as petri-dishes, pipettes, flasks, all-glass syringes), swabs, oils, grease, petroleum jelly and some pharmaceutical products. Sterilization process: Articles to be sterilized must be perfectly dry before placing them inside to avoid breakage. Articles must be placed at sufficient distance so as to allow free circulation of air in between. Mouths of flasks, test tubes and both ends of pipettes must be plugged with cotton wool. Articles such as petri dishes and pipettes may be arranged inside metal canisters and then placed. Individual glass articles must be wrapped in kraft paper or aluminum foils.

Sterilization cycle: This takes into consideration the time taken for the articles to reach the sterilizing temperature, maintenance of the sterilizing temperature for a defined period (holding time) and the time taken for the articles to cool down. Different temperature-time relations for holding time are 60 minutes at 1600C, 40 minutes at 1700C and 20 minutes at 1800C. Increasing temperature by 10 degrees shortens the sterilizing time by 50 percent. The hot air oven must not be opened until the temperature inside has fallen below 600C to prevent breakage of glasswares.

Sterilization control: Three methods exist to check the efficacy of sterilization process, namely physical, chemical and biological. Physical: Temperature chart recorder and thermocouple. Chemical: Browne’s tube No.3 (green spot, color changes from red to green). Biological: 106 spores of Bacillus subtilis var niger or Clostridium tetani on paper strips are placed inside envelopes and then placed inside the hot air oven. Upon completion of sterilization cycle, the strips are removed and inoculated into thioglycollate broth or cooked meat medium and incubated at 37 0C for 3-5 days. Proper sterilization should kill the spores and there should not be any growth. Advantages: it is an effective method of sterilization of heat stable articles. The articles remain dry after sterilization. This is the only method of sterilizing oils and powders.

Infra red rays: Infrared rays bring about sterilization by generation of heat. Articles to be sterilized are placed in a moving conveyer belt and passed through a tunnel that is heated by infrared radiators to a temperature of 180 0C. The articles are exposed to that temperature for a period of 7.5 minutes. Articles sterilized included metallic instruments and glassware. It is mainly used in central sterile supply department. It requires special equipments, hence is not applicable in diagnostic laboratory. Efficiency can be checked using Browne’s tube No.4 (blue spot).

Moist heat acts by coagulation and denaturation of proteins.

At temperature below 100 0C 

Pasteurization: This process was originally employed by Louis Pasteur. Currently this procedure is employed in food and dairy industry. There are two methods of pasteurization, the holder method (heated at 630C for 30 minutes) and flash method (heated at 720C for 15 seconds) followed by quickly cooling to 130C. Other pasteurization methods include Ultra-High Temperature (UHT), 1400C for 15 sec and 1490C for 0.5 sec. This method is suitable to destroy most milk borne pathogens like Salmonella, Mycobacteria, Streptococci, Staphylococci and Brucella, however Coxiella may survive pasteurization. Efficacy is tested by phosphatase test and methylene blue test. 

Vaccine bath: The contaminating bacteria in a vaccine preparation can be inactivated by heating in a water bath at 600C for one hour. Only vegetative bacteria are killed and spores survive.

Serum bath: The contaminating bacteria in a serum preparation can be inactivated by heating in a water bath at 560C for one hour on several successive days. Proteins in the serum will coagulate at higher temperature. Only vegetative bacteria are killed and spores survive. Inspissation: this is a technique to solidify as well as disinfect egg and serum containing media. The medium containing serum or egg are placed in the slopes of an inspissator and heated at 80-850C for 30 minutes on three successive days. On the first day, the vegetative bacteria would die and those spores that germinate by next day are then killed the following day. The process depends on germination of spores in between inspissation. If the spores fail to germinate then this technique cannot be considered sterilization. 

At temperature 1000C
Boiling water (1000C) kills most vegetative bacteria and viruses immediately. Certain bacterial toxins such as Staphylococcal enterotoxin are also heat resistant. Some bacterial spores are resistant to boiling and survive; hence this is not a substitute for sterilization. The killing activity can be enhanced by addition of 2% sodium bicarbonate. When absolute sterility is not required, certain metal articles and glasswares can be disinfected by placing them in boiling water for 10-20 minutes. The lid of the boiler must not be opened during the period.

Steam at 1000C: Instead of keeping the articles in boiling water, they are subjected to free steam at 1000C. Traditionally Arnold’s and Koch’s steamers were used. An autoclave (with discharge tap open) can also serve the same purpose. A steamer is a metal cabinet with perforated trays to hold the articles and a conical lid. The bottom of steamer is filled with water and heated. The steam that is generated sterilizes the articles when exposed for a period of 90 minutes. Media such as TCBS, DCA and selenite broth are sterilized by steaming. Sugar and gelatin in medium may get decomposed on autoclaving, hence they are exposed to free steaming for 20 minutes for three successive days. This process is known as tyndallisation (after John Tyndall) or fractional sterilization or intermittent sterilization. The vegetative bacteria are killed in the first exposure and the spores that germinate by next day are killed in subsequent days. The success of process depends on the germination of spores.

At temperature above 1000C
Autoclave: Sterilization can be effectively achieved at a temperature above 1000C using an autoclave. Water boils at 1000C at atmospheric pressure, but if pressure is raised, the temperature at which the water boils also increases. In an autoclave the water is boiled in a closed chamber. As the pressure rises, the boiling point of water also raises. At a pressure of 15 lbs inside the autoclave, the temperature is said to be 1210C. Exposure of articles to this temperature for 15 minutes sterilizes them. To destroy the infective agents associated with spongiform encephalopathies (prions), higher temperatures or longer times are used (1350C or 1210C for at least one hour are recommended).

Radiation: Two types of radiation are used, ionizing and non-ionizing. Non-ionizing rays are low energy rays with poor penetrative power while ionizing rays are high-energy rays with good penetrative power. Since radiation does not generate heat, it is termed "cold sterilization". In some parts of Europe, fruits and vegetables are irradiated to increase their shelf life up to 500 percent. 

Non-ionizing rays: Rays of wavelength longer than the visible light are non-ionizing. Microbicidal wavelength of UV rays lie in the range of 200-280 nm, with 260 nm being most effective. UV rays are generated using a high-pressure mercury vapor lamp. It is at this wavelength that the absorption by the microorganisms is at its maximum, which results in the germicidal effect. UV rays induce formation of thymine-thymine dimers, which ultimately inhibits DNA replication. UV readily induces mutations in cells irradiated with a non-lethal dose. Microorganisms such as bacteria, viruses, yeast, etc. that are exposed to the effective UV radiation are inactivated within seconds. Since UV rays don’t kill spores, they are considered to be of use in surface disinfection. UV rays are employed to disinfect hospital wards, operation theatres, virus laboratories, corridors, etc. Disadvantages of using UV rays include low penetrative power, limited life of the UV bulb, some bacteria have DNA repair enzymes that can overcome damage caused by UV rays, organic matter and dust prevents its reach, rays are harmful to skin and eyes. It doesn't penetrate glass, paper or plastic.

Ionizing rays are of two types, particulate and electromagnetic rays. Electron beams are particulate in nature while gamma rays are electromagnetic in nature. Highspeed electrons are produced by a linear accelerator from a heated cathode. Electron beams are employed to sterilize articles like syringes, gloves, dressing packs, foods and pharmaceuticals. Sterilization is accomplished in few seconds. Unlike electromagnetic rays, the instruments can be switched off. Disadvantage includes poor penetrative power and requirement of sophisticated equipment. Electromagnetic rays such as gamma rays emanate from nuclear disintegration of certain radioactive isotopes (Co60, Cs137). They have more penetrative power than electron beam but require longer time of exposure. These high-energy radiations damage the nucleic acid of the microorganism. A dosage of 2.5 megarads kills all bacteria, fungi, viruses and spores. It is used commercially to sterilize disposable petri dishes, plastic syringes, antibiotics, vitamins, hormones, glasswares and fabrics. Disadvantages include; unlike electron beams, they can’t be switched off, glasswares tend to become brownish, loss of tensile strength in fabric. Gamma irradiation impairs the flavour of certain foods. Bacillus pumilus E601 is used to evaluate sterilization process. 

Filtration does not kill microbes, it separates them out. Membrane filters with pore sizes between 0.2-0.45 μm are commonly used to remove particles from solutions that can't be autoclaved. It is used to remove microbes from heat labile liquids such as serum, antibiotic solutions, sugar solutions, urea solution. Various applications of filtration include removing bacteria from ingredients of culture media, preparing suspensions of viruses and phages free of bacteria, measuring sizes of viruses, separating toxins from culture filtrates, counting bacteria, clarifying fluids and purifying hydatid fluid. Filtration is aided by using either positive or negative pressure using vacuum pumps. The older filters made of earthenware or asbestos are called depth filters. 

Chemical methods of disinfection. Disinfectants are those chemicals that destroy pathogenic bacteria from inanimate surfaces. Some chemical have very narrow spectrum of activity and some have very wide. Those chemicals that can sterilize are called chemisterilants. Those chemicals that can be safely applied over skin and mucus membranes are called antiseptics. The level of disinfection achieved depends on contact time, temperature, type and concentration of the active ingredient, the presence of organic matter, the type and quantum of microbial load. The chemical disinfectants at working concentrations rapidly lose their strength on standing.

Classification of disinfectants:

1. Based on consistency

a. Liquid (E.g., Alcohols, Phenols)

b. Gaseous (Formaldehyde vapor, Ethylene oxide)

2. Based on spectrum of activity

a. High level

b. Intermediate level

c. Low level

3. Based on mechanism of action

a. Action on membrane (E.g., Alcohol, detergent)

b. Denaturation of cellular proteins (E.g., Alcohol, Phenol)

c. Oxidation of essential sulphydryl groups of enzymes (E.g., H2O2, Halogens)

d. Alkylation of amino-, carboxyl- and hydroxyl group (E.g., Ethylene Oxide, Formaldehyde)

e. Damage to nucleic acids (Ethylene Oxide, Formaldehyde)

Physio-chemical method adopts both physical and chemical method. Use of steamformaldehyde is a physio-chemical method of sterilization, which takes into account action of steam as well as that of formaldehyde. Saturated steam at a pressure of 263 mm has a temperature of 700C. The air is removed from the autoclave chamber and saturated steam at sub-atmospheric pressure is flushed in. Formaldehyde is then injected with steam in a series of pulses, each of 5-10 minutes. The articles are held at this holding temperature for one hour. Formaldehyde is then flushed by inflow of steam. Disadvantages: Condensation of formaldehyde occurs and induction of large volume of formaldehyde wets the steam resulting in loss of latent heat. Sterilization control: using paper strips containing 106 spores of G.stearothermophilus.

The technique of cheking action of UV rays on nonsporeforming bacteria
1. A milliard suspension of Staphylococcus aureus in sterile 0.9% sodium chloride solution is prepared.

2. On the surface of solid media (nutrient agar) in two plates the studying culture is inoculated with lawn plating technique. For this 0.1 ml of the suspension is dropped with pipette and then spread on the surface of media with sterile spatula. Spatula and pipette put into vessel with disinfectant. 

3. After inoculation lids of Petri dish are taken off, plates are covered with cardboard. In the middle of the cardboard letter M is cut out.  

4. The both plates are placed under UV source at a distance of 30-40 cm for 10 and 30 min accordingly. 

5. After the treatment the plates are covered with lids, labeled and incubated in thermostat under 37° C for 18-24 hours.

6. In a day outcome is registered. On surface of the plates on the ground of bacterial growth (of yellow color) transparent sterile field like letter M is revealed if the regimen of disinfection is efficient.

III. Control of practical skills 
1. Please describe this sterilization method and mark Regimen (temperature, time, pressure, number of repetitions):
· Autoclaving

· Sterilization oven

· Tyndallization
3.3. ANTIBIOTICS. CHEMOTHERAPY 

I. Home work

1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 622-635.
The questions for study:

1. Antibiotics. Classifications of antibiotics by chemical structure, origin, result of action, mechanism of action and antimicrobial spectrum. 

2. Complications of antibacterial therapy. 

3. Resistance of microorganisms to antibiotics and its mechanisms.

4. Antimicrobial sensitivity tests.

5. Chemotherapy. 

2) Before class draw this table in your workbook and fill in all fields:
«Antibacterial medicines»

	Chemical group of medicines
	Antimicrobial spectrum (narrow/ broad)
	Result of action (static/cidal)
	Mechanism of action (cell target)
	Name of some drugs

	Sulphonamides
	
	
	
	

	Quinolones
	
	
	
	

	Imidazoles
	
	
	
	

	β-Lactam antibiotics
	
	
	
	

	Glycopeptides
	
	
	
	

	Aminoglycosides
	
	
	
	

	Tetracyclines
	
	
	
	

	Macrolides
	
	
	
	

	Chloramphenicol
	
	
	
	

	Polypeptides 
	
	
	
	

	Rifampin
	
	
	
	

	Polyenes
	
	
	
	


I. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part
Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Antibiotics. Classifications of antibiotics by chemical structure, origin, result of action, mechanism of action and antimicrobial spectrum. 

2. Complications of antibacterial therapy. 

3. Resistance of microorganisms to antibiotics and its mechanisms.

4. Antimicrobial sensitivity tests.

5. Chemotherapy. 

THE THEORETICAL REFERENCE
Chemotherapy is the drug treatment for the diseases caused by bacteria and the other pathologic microorganisms, parasites and tumor cells.

The objective of chemotherapy is to study and to apply the drugs that have highly selective toxicity to the pathogenic microorganisms in host body and have no or less toxicity to the host, so as to prevent and cure infective diseases caused by pathogens.

Chemotherapy is the drug treatment for the diseases caused by bacteria and the other pathologic microorganisms, parasites, and tumor cells. The objective of chemotherapy is to study and to apply the drugs that have highly selective toxicity to the pathogenic microorganisms and have no or less toxicity to the host. In most instances, the selective toxicity is relative, rather than absolute.

Drug-pathogen-patient. Selective toxicity - kills harmful microbes without damaging the host. Resistance - intrinsic versus acquired. Host defense - Immune response. Pharmacokinetics - absorption, distribution, metabolism, elimination. Pharmacodynamics - adverse effects, dose-related, allergy, idiosyncratic.

Chemotherapeutic Index (CI): the ratio of median lethal dose (LD50) to median effective dose (ED50) of infective animals. LD50/ED50 or LD5/ ED95. Generally the bigger the CI of a drug is, the lower its toxicity, the better its curative effect and the greater its value of clinical application. However, a drug with big CI does not mean that it is definitely safety. For ex.: penicillin G has almost no toxicity and its CI is big, can cause anaphylactic shock and lead to death.
What is an Antibiotic? “Antibiotic” is from antibiosis, meaning against life. Substances produced by various species of microorganisms: bacteria, fungi, actinomycetes — to kill or suppress the growth of other microorganisms. Today the term antibiotic extends to include synthetic antibacterial agents: sulfonamides and quinolones.

The following are important criteria for chemotherapeutic agents:

· It should demonstrate selective toxicity for the microbe, but not the host (most are actually somewhat toxic to the host);
· It should not produce hypersensitivity reactions in most hosts

· It should penetrate body tissues rapidly and be retained for an adequate time;
· Microbes should not readily develop resistance to it. 

Spectrum of activity. It is relatively easy to find antimicrobials against prokaryotes (bacteria) because they are substantially different from eukaryotic cells. Fungi, protozoans and helminths are eukaryotic organisms which makes finding antimicrobics with selective toxicity for the pathogen more difficult. It is especially difficult to find antimicrobials against viruses which exist inside a host cell and use the metabolic machinery of the host to produce new viruses. If an antimicrobial affects relatively few kinds of bacteria, it is said to have a narrow spectrum of activity. If the antimicrobic is effective against a large number of Gram positive and Gram negative bacteria, it is said to have a broad spectrum of activity. 

The problem with this type of antimicrobic is that much of the normal flora of the host is destroyed and this may allow certain normal flora which, may be resistant to the antimicrobic, to flourish and cause an opportunistic infection. This overgrowth is sometimes called superinfection.

Action of antimicrobial drugs used against bacteria: antimicrobics may be bacteriocidal and kill the bacteria, antimicrobics may be bacteriostatic and simply prevent the growth of the bacteria.  In bacteriostasis, the host’s own defenses of phagocytosis and antibody production will destroy the bacteria.

There are several different areas in the bacteria that may serve as a target of action for an antimicrobial drug. Inhibition of cell wall synthesis – remember that the cell walls of bacteria contain peptidoglycan which is a substance not found in eukaryotic cells.  Therefore interference with the synthesis of the bacterial cell wall should not harm the host. Many of these antimicrobics prevent the synthesis of the peptidoglycan cell wall by interfering with the linkage of peptidoglycan rows by peptide cross bridges. All of these antimicrobics contain a beta lactam ring that binds to a group of enzymes anchored in the cell membrane called penicillin binding proteins (PBIs). PBIs are involved in the peptidoglycan cell wall synthesis. When beta lactam containing antimicrobics bind to the PBIs involved in cell wall cross linking, the cell wall is weakened and undergoes lysis. Since these antmicrobics affect the synthesis of the cell wall, they are only effective on actively growing organisms. Examples of these kinds of antimicrobics include penicillin and its derivatives (ampicillin, methacillin, oxacillin, amoxacillin, augmentin), the cephalosporins (cephalothin, cefamandole, cefotaxime, etc.), carbapenems and monobactams.

Inhibition of protein synthesis – protein synthesis is a common feature of both prokaryotic and eukaryotic cells.  However, the ribosome structure differs between the two (80S vs 70S).  Many antimicrobics specifically interfere with prokaryotic protein synthesis. Some antimicrobics act on the 50S subunit of the ribosome while others act the 30S subunit of the ribosome. Chloramphenicol acts at the 50S subunit to inhibit formation of the peptide bond. The tetracyclines  act at the 30S subunit to interfere with tRNA attachment. The aminoglycosides such as gentamycin and streptomycin act at the 30S subunit to cause a misreading of mRNA. Erythromycin acts at the 50S subunit to prevent translocation movement of the ribosome along the mRNA.
Injury to the plasma membrane – some antimicrobics, especially those that are polypeptides such as polymyxin B and colistin affect the permeability of cells resulting in leakage of macromolecules and ions essential for cell survival. Inhibition of nucleic acid synthesis. Fluoroquinolones such as ciprofloxacin are derivatives of nalidixic acid.  They bind to and interfere with the DNA gyrase enzymes that are involved in the regulation of DNA supercoiling. Metronidazole somehow breaks the DNA strands. Rifampin binds to the DNA dependent, RNA polymerase to inhibit mRNA synthesis.
Inhibition of other types of enzymatic activity. Some antimicrobics act as antimetabolites in that they so closely resemble the normal substrate (are analogues) for an enzyme that they competitively compete with the normal substrate for the enzyme. Both sulfonamides and trimethoprim interfere with folic acid synthesis, a substance that humans do not synthesize. They are often combined in a single pill to be used in combination drug therapy: trimethoprim-sulfamethoxazole or Sxt.

Anti-fungal drugs such as nystatin and amphoteracin B combine with sterols to disrupt the fungal plasma membrane.  The activity of these is effective because animal sterols are mostly cholesterol while fungal cell plasma membranes contain mainly ergosterol against which the drugs are most effective. The imadazoles such as ketoconazole interfere with sterol synthesis. Griseofulvin binds to keratin on the skin, hair, and nails where it interferes with the mitosis (and thus fungal reproduction) of the fungi that cause infections in these areas.

Anti-viral drugs. Many of the currently available antiviral drugs are nucleoside analogues. During synthesis of nucleic acids (i.e., the viral genome) the analogues get inserted in place of the normal nucleoside. When this happens, the synthesis reaction is stopped  and therefore, replication of the viral genome is halted. The nucleoside analogues react more strongly with the viral enzymes than with the host cell enzymes. Examples of this kind of drug are acyclovir (used in herpes virus infections) and azidothymidine (used to treat HIV infections). Amantidine and rimantidine – interfere with the uncoating of influenza virus. Protease inhibitors – interfere with the proteolytic cleavage of viral polyproteins into individual proteins. Anti-sense or siRNA – interfere with mRNA translation. Interferon – has been cloned using recombinant DNA techniques.

It is important to test microorganisms for their susceptibility to antimicrobics because different microbial species and strains have different degrees of susceptibility to different antimicrobics. The susceptibility of a microorganisms to a particular antimicrobic may change with time, even during a course of antimicrobic therapy.

There are two basic types of tests that may be done:

Disk diffusion tests

Kirby-Bauer – covered in the lab, 

E test – The test is similar to the Kirby-Bauer test, but instead of using disks impregnated with the antibiotic, the E test utilizes a plastic coated strip containing a gradient of antibiotic concentrations. A scale of antibiotic concentrations is printed on the strip. This test allows one to estimate the lowest antibiotic concentration that prevents visible bacterial growth.

Broth dilution tests – both the MIC and MBC are covered in the lab.

The development of resistance to antimicrobial drugs is now a common occurrence. Successful resistance to antimicrobial action requires interruption or disturbance of one or more of the steps essential for effective antimicrobial action. 

Antimicrobial resistance can be divided into two basic categories. Intrinsic or inherent resistance results from the normal genetic, structural, or physiologic state of a microorganism. This resistance is considered to be a natural and consistently inherited characteristic associated with the vast majority of strains that constitute a particular bacterial group, genus, or species. Acquired resistance results from altered cellular physiology and structure caused by changes in a microorganism’s usual genetic makeup.  Acquired resistance may be a trait associated with only some strains of a particular organism group or species. This type of resistance may be acquired by: successful genetic mutation(s), acquisition of genes from other organisms via gene transfer mechanisms (i.e., resistance plasmids), a combination of mutational and gene transfer events.

Resistance to antibacterial agents. Drug resistance is the phenomenon that susceptibility of pathogenic microorganisms to drugs becomes lower or even loses after the microorganisms contact with drugs many times. When the bacteria show resistance to one drug, they are also resistant to some other drugs. This phenomenon is called cross drug resistance. Types of resistance: intrinsic or natural resistance,  e.g., no target site in the bacteria, acquired resistance – resistance acquired by mutation is unusual, resistance acquired by R-factors on plasmids is common, very rapid method of acquiring resistance that often involves resistance to many antibiotics (R factor contains genes coding for enzymes that make the cell resistant to antibiotics).
Produce enzymes that destroy the chemical structures of drugs Change their cell membrane and cell wall permeability to the drug. Develop an altered structural target for the drug. Develop an altered metabolic pathway. Antibiotic inactivation: bacteria acquire genes encoding enzymes that inactivate antibiotics. Examples include: b-lactamases, aminoglycoside-modifying enzymes, chloramphenicol acetyl transferase. 

Altered uptake of antibiotics, resulting in: decreased permeability, increased efflux (for example, gram-negative bacillus can induce some special proteins to block porin channels in cell wall and prevent tetracyclines into the bacillus.

Structurally modified antibiotic target site, resulting in: for example, as the receptor protein on the 30s ribosomal subunit may be deleted or altered as a result of mutation, some aminoglycosides cannot combine with the bacteria.

Develop an altered metabolic pathway. Bacteria can develop an altered metabolic pathway that bypasses the reaction inhibited by drugs. For example, sulfonamide resistance my occur as a result of mutations that cause over-production of PABA or cause production of a folic acid-synthesizing enzyme that has low affinity for sulfonamides.

Methods of avoiding resistance. Avoiding the unnecessary use of antibiotics. Using antibiotics in full adequate dosage. If unnecessary, avoiding the topical use of antibiotics for a prolonged period. Whenever possible, using the narrowspectrum antibiotics. If necessary, using a combination drug regimen and using the drugs in turn.

General principles of anti-infective therapy. Selection of an appropriate anti-infective agent. Identification of the infecting organism should precede antimicrobial therapy when possible. The pathogenic microorganism susceptibility to antimicrobial agents should be determined, if a suitable test exists. Factors that influence the choice of an antiinfective agent or its dosage for a patient include the age, renal and hepatic function, pregnancy status, and the site of infection, etc.

The technique of disc diffusion test for evaluation of bacterial sensitivity to antimicrobial medicines.

1. A milliards’ suspension of a bacterial culture in sterile 0.9% sodium chloride solution is prepared.

2. On the surface of solid media (nutrient agar) the studying culture is inoculated with lawn plating technique. For this 1 ml of the suspension is poured into plate, gently spread on the surface of media with shaking. Surplus (extra) liquid pour away with pipette. Pipette put into vessel with disinfectant. 

3. After inoculation place antibiotic disks with pincers without touch to agar onto surface of the plate at a distance approximately 2 cm from edge. Disk is pressed slightly to agar with pincers.

4. The plates are labeled and incubated in thermostat under 37° C for 18-24 hours.

5. In a day outcome is registered. From the bottom surface of the plate diameter of zones of inhibition is measured with ruler in mm. Zone of  inhibition  is transparent sterile field around every disc. The diameter of thе disc is included in this mеаsurеmеnt.

The technique of serial dilutions test for evaluation of bacterial sensitivity to antimicrobial medicines

1. Serial dilutions (from 1 to 128 unit/ml) of the antibiotic in Mueller-Hinton broth аrе taken in tubes and 0.1 ml of standardized suspension of thе test bacterium is inoculated in every tube.

2. The tubes are incubated in thermostat under 37° C for 18-24 hours.

3. After inoculation outcome is registered. The minimal inhibitory concentration (MIC) is read bу noting the lowest concentration of thе drug at which there is no visible growth, the tube is transparent.

4. The minimal bactericidal concentration (МВС) is determined bу subсulturing from еасh tubе showing no growth оn а nutrient agar plate without аnу antimicrobial agent. 

5. Incubate the plates under 37° C for 18-24 hours and examine thеm for growth.

6. Тhе tubе containing thе lowest concentration of thе drug that fails to show growth, on subculture, is thе МВС of the drug for that test strain.

[image: image10.emf]
III. Control of practical skills 

1. Explain the procedure for determining the spectrum of antibiotics.

2. Explain the procedure for determining the sensitivity of microorganisms to antibiotics by the method of serial dilutions (quantitative method).

3. Explain the methodology for determining the sensitivity of microorganisms to antibiotics by the method of paper discs (qualitative method).
TOPIC 4.  INFECTIOUS  PROCESS
4.1. INFECTIOUS PROCESS. PATHOGENIC  MICROORGANISMS
I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 80-91.
The questions for study:

1. Definitions of terms: infection, infectious process, соmmеnsаl, раthоgеn, opportunistic pathogen, pathogenicity, virulence, infectious disease.

2. Main factors of infectious process.

3. Sоurсеs of infесtiоn. Mechanisms of trаnsmission. 

4. Role of microorganism in infectious process. Differences between pathogenicity and virulence.

5. Determinants of virulence.

2) Before class in your workbook fill in the 1st column of the table with names of determinants of virulence: coagulase,  lecithinase, capsule, hemolysin, hyaluronidase, lysozyme, catalase, common pili. 
«Determinants of virulence»

	Name of determinant
	Purpose of determinant

	1.
	specific attachment to surface rесерtоrs on the epithelial cells

	2.
	enzyme that break down peptidoglycan of Gram-positive bacteria and provides affecting of normal microbial flora 

	3.
	breaks down hyaluronic acid and helps in spread of infection e.g. streptococcus

	4.
	causes deposition of fibrin around thе bacteria and thus рrеvеnts phagocytosis e.g. staphylococcus

	5.
	breaks down phospholipids of cell membrane of host



	6.
	рrеvеnts phagocytosis

	7.
	breaks down Н2О2, and enables thе bacteria to survive inside phagocytes 

	8. 
	exotoxin disrupting membrane of erythrocytes and breaking down haemoglobin


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing:
1. Definitions of terms: infection, infectious process, соmmеnsаl, раthоgеn, opportunistic pathogen, pathogenicity, virulence, infectious disease.

2. Main factors of infectious process.

3. Sоurсеs of infесtiоn. Mechanisms of trаnsmission. 

4. Role of microorganism in infectious process. Differences between pathogenicity and virulence.

5. Determinants of virulence.

THE THEORETICAL REFERENCE
Infectious process is an interaction of two biosystems: pathogenic species of microorganism and susceptible species of macroorganism under proper conditions of environment. Onset, course and outcome of infectious process is provided by three main factors: pathogenic microorganism, susceptible host macroorganism and environment factors favorable for interaction of micro- and macroorganism.

Factors that influence disease development
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Sources of infection. Infection is caused either by organisms from the host's normal flora (endogenous infection) or by organisms transmitted from another source (exogenous infection).

Endogenous infection. The normal flora will only invade if circumstances permit, as in some of the following examples. Following bowel perforation Enterobacteriaceae and non-sporing anaerobes such as Bacteroides fragilis can invade the peritoneal cavity causing peritonitis and septicaemia.  Inhalation of stomach contents may cause pneumonia, possibly followed by a lung abscess. Staphylococcus aureus that are normally found in the nose may cause wound infection if inoculated into a surgical wound. Neutropenic patients are especially prone to infection from organisms normally held in check by the body's defences. Surgery and intravenous cannulation allow skin organisms to invade.  

Exogenous infection. The most important source of human infection is other humans. Some agents (e.g. measles) are more transmissible than others. An epidemic or outbreak can occur if each infected individual typically transmits the pathogen to more than one additional person. Animal pathogens may be spread to humans by direct contact or in food. Such infections are called zoonoses and are encouraged by intensive farming methods that permit organisms hazardous to humans to spread within the herd or flock (e.g. bovine tuberculosis or E. coli O157). The risks increase with increasing intensity of farming: battery hens are especially prone to the spread of Salmonella and mechanized meat recovery techniques may increase the likelihood of cross-contamination. Feeding ruminant offal to cattle resulted in an epidemic of bovine spongiform encephalopathy (BSE), which then spread to humans as variant Creutzfeldt- Jakob disease (vCJD). The introduction of good farming and food factory techniques will reduce the risks of zoonoses. Humans can become infected from organisms in the inanimate environment. For example, poorly maintained air-conditioning cooling towers can be a source of Legionella pneumophila.  

There are five basic modes or routes of infection transmission: contact, droplet, airborne, vehicle, and vector. The same microbe can be transmitted by more than one route.

Contact transmission is the most frequent mode of infection transmission. There are two types of contact transmission, direct transmission and indirect transmission. Direct contact transmission involves direct, physical transfer of a pathogenic microbe to a susceptible host through close or intimate contact such as touching or kissing. Indirect contact transmission involves personal contact by a susceptible host with contaminated inanimate objects such as patient bed linens, clothing, dressings and eating utensils. It includes contact with phlebotomy equipment such as gloves, needles, specimen tubes, and phlebotomy carts and trays. It also includes less obvious contaminated objects such as doorknobs and faucet handles. The transfer of infectious microbes from contaminated hands to a susceptible host is also considered indirect contact transmission.

Droplet transmission involves the transfer of the infective microbe to the mucous membranes of the nose or mouth or the conjunctiva (mucous membranes) of the eyes of a susceptible individual through sneezing, coughing, or talking by an infected person. Droplet transmission can also occur during procedures such as suctioning and throat swab collection. It differs from airborne transmission in that droplets do not travel more than 3 feet, and do not remain suspended in air.

Airborne transmission involves dissemination of droplet nuclei. Droplet nuclei are the residue of evaporated droplets generated by sneezing, coughing, or talking. Infectious microbes within droplet nuclei can remain viable even though suspended in the air or in dust particles for long periods. Microbes carried in this manner can become widely dispersed before being inhaled by or deposited on a susceptible host. For this reason, special air handling and ventilation are required for rooms of patients having infections with airborne transmission. Persons entering the room must wear a snug-fitting mask with a special filter. M. tuberculosis, rubeola virus, and varicella virus are the most common microorganisms transmitted by the airborne route.

Vector transmission involves the transfer of the microbe by an insect, arthropod, or animal. An example of vector transmission is the transmission of malaria by a mosquito or the plague by rodent fleas.

Vehicle transmission involves the transmission of the infective microbe through contaminated food, water, or drugs. Examples of vehicle transmission are salmonella infection from handling contaminated chicken and shigella infection from drinking contaminated water. The transmission of hepatitis and HIV through blood transfusion is also considered vehicle transmission.

The presence or absence of a pathogen is the main factor that determines whether disease occurs. The amount of disease that develops is often determined by the pathogenicity of the main pathogen. The term pathogenicity relates to both the virulence (infection ability) and the aggressiveness (the vigour of the infection) of the pathogen. Pathogenicity is dependent on the pathogen's reproductive, dispersal and survival fitness. Pathogenicity is a qualitative, species and genotypic property. Virulence is a quantitative, strain and phenotypic property. It is a degree of pathogenicity in a certain strain. Pathogenicity refers to the ability of а microbial species to рrоduсе disease. Virulence is thе ability of а strain of а microorganism to cause disease. The pаthоgеniс species Мycobacterium tuberculosis contains strains of vаrying degrees of virulence including those which аrе avirulent, such as thе vaccine strains. Another example, the bacterial species Haemophilus influenza is a common inhabitant of the upper respiratory tract of humans. Members of this species regularly cause middle-ear infection and sinusitis in children and bronchitis in smokers, but one variety of H. influenzae (those with capsule type b) can cause systemic disease (meningitis and epiglottitis). All H. influenzae are pathogenic, but H. influenza type b is more virulent. Pathogenicity is realized with a lot of determinants of bacterial virulence. They may be collected into three groups: factors of colonization, virulence and persistence. Тhе virulence of а strain is not constant and may undergo variation.
Factors of colonization provide ability of a microorganism to inhabit certain biotope in host organism – skin or some mucosa. They are adhesins, bacteriocines, siderophores etc. Bacterial adhesins can be divided into two major groups: pili (fimbriae) and nonpilus adhesins (afimbrial adhesins). The pili of many Gram-negative bacteria bind directly to sugar residues that are part of glycolipids or glycoproteins on host cells or act as a protein scaffold to which another more specific adhesive protein is affixed. The host receptor that a pathogenicity-associated adhesin recognizes and probably determines the tissue specificity for that adhesin and bacterial colonization or persistence; of course, other factors also may make a contribution. These are often specific outer membrane proteins that form an intimate contact between the bacterial surface and the surface of the host cell. Several of these are intriguing because they resemble or “mimic” eukaryotic sequences that mediate cell–cell adhesion and adherence to the extracellular matrix. Similar classes of molecules thought to ediate adherence in the Gram-positive bacteria are surface fibrils composed of proteins and lipoteichoic acid. For example, streptococci causing pharyngitis, express an M protein–lipoteichoic acid structure believed to mediate attachment to the prevalent host cell protein, fibronectin.

Bacterial capsular polysaccharide also may mediate adherence to host cells or play an important role in binding layers of bacteria to others immediately adherent to the epithelial  surface. These bacterial biofilms not only can coat the mucosal surface but play an  important role in the bacterial colonization of the inert materials used as catheters. Some organisms excrete an enzyme IgA protease, which cleaves human IgA1 in the hinge region to release the Fc portion from the Fab fragment. This enzyme might play an important role in establishing microbial species at the mucosal surface, as bacteria that cleave IgA can bind the antigen-binding domain of the immunoglobulin. This is one of several cases of molecular mimicry where bacteria (and probably viruses as well) can coat themselves with a secreted host cell product. This provides a microorganism with two advantages. First, microbes use these secreted products as a bridge to adhere to cell   receptors that ordinarily bind these secreted products. Second, by binding a host cell product on its surface, the microbe disguises itself from the host cell immune system.

Bacteriocines are antagonistically active substances, suppressing normal microbial flora. Маnу bасtеriа produce low mоlесulаr weight compounds called siderophores that can acquire iron from the host's irоn binding proteins. This рrореrtу enhances the virulence.

Factors of virulence provide ability of a pathogen to invasion (overcoming of protective barriers, spread in organism) and affecting of cells, tissues and organs. These are toxins and “enzymes of protection and aggression”.

“Enzymes of protection and aggression” are typical for many pathogenic microorganisms. They help to pathogens in penetration, spread of microorganisms deep into tissues and protection against immune factors of macroorganism.

· Proteases - These enzymes cleave immunоglobulin IgA which protects at mucosal surfaces.

· Hyaluronidase - It breaks down hyaluronic acid and helps in spread of infection e.g. streptococcus.

· Coagulase – Enzyme of protection. It causes deposition of fibrin around the bacteria and thus рrеvеnts phagocytosis e.g. staphylococcus.

· Collagenase - It breaks down collagen in connective tissue and contributes in spread of infection e.g. Clostridium реrfringеns.

· Lysozyme - enzyme that break down peptidoglycan of Gram-positive bacteria and provides affecting of normal microbial flora.

· Lecithinase - breaks down phospholipids of cell membrane of host, disrupts the membranes of a wide variety of host cells, including the leukocytes that might otherwise destroy the organism, and produces the necrotic anaerobic environment.

Exotoxins. A number of microorganisms synthesize protein molecules that are toxic to their hosts and are secreted into their environment or are found associated with the microbial surface. These exotoxins usually possess some degree of host cell specificity, which is dictated by the nature of the binding of one or more toxin components to a specific host cell receptor. The distribution of host cell receptors often dictates the degree and the breadth of the toxicity. Bacterial exotoxins are whether synthesized by Gram-positive or Gram-negative bacteria. They fall into a few classes by mechanism of their action: membrane-active toxins (haemolysins, cytotoxins etc.), functional blockers (toxin of Vibrio cholerae) and exfoliating toxins. From exotoxins by their inactivation vaccines are obtained called anatoxins (against diphtheria, tetanus etc.).

Endotoxins. In many infections caused by Gram-negative organisms, the endotoxin of the outer membrane is a significant component of the disease process. Recall that endotoxin is a lipopolysaccharide and that the lipid portion (lipid A) is the toxic portion. The major characteristics of endotoxin are contrasted with those of exotoxin. Endotoxin in nanogram amounts causes fever in humans through release of IL-1 and TNF from macrophages. They аrе рооr antigens and the toxicity is not completely neutralized by the homologous antibodies, Massive Grаm-negative septicaemia mау cause the sуndrоmе of endоtохiс shock characterised bу fever, leucopenia, trombocytopenia, profound fall of blood pressure and сirсulаtоrу collapse leading to death. Endotoxins are considerably less active than many exotoxins and stable even to autoclaving. Gram-positive bacteria do not contain endotoxin but they release peptidoglycan fragments and other cell wall determinants that act to “alarm” the host to the presence of bacteria in the tissues. The same cytokines are released and the same physiologic cascade is seen.

Factors of persistence provide ability of a pathogen to survive long in host organism due to protection against immunity factors by different mechanisms: covering of cell wall (capsule, M-protein); secreting factors of persistence (IgA protease, cytotoxins); antigenic mimicry (similarity of human and bacterial antigens); and loss of peptidoglycan – the main target for immunity factors (L-transformation, producing of spheroplasts and protoplasts. 

Capsule – Capsule contributes to the virulence of bacteria bу рrеvеnting phagocytosis. Noncapsulated variants usually exhibit low virulеnсе.

Streptoсоссаl М- prоtеin. Тhе М protein рrеsеnts оn thе surfасе of group А streptococci binds both fibrinogen and fibrin to thе bасtеriаl cell wall thus masking thе bасtеriаl rесерtоrs from complement. 

Cytotoxin - Cytotoxins produced bу certain bacteria interfere with chemotaxis оr kill the phagocyte. Staphylocossus аurеus produces haemolysins (саn damage both RBCs and WВСs) and leukocidin (only WBCs аrе damaged).

Bacterial surface antigens - Vi antigen of S. typhi and К antigen of Escherichia coli enable these bacteria to resist phagocytosis and lytic activity of complement.
The technique for determining virulence factors
Adhesins. Adhesion is revealed with test for attachment of bacteria to erythrocytes. For this human erythrocites of blood group No. 1 are washed with buffer solution and reduced to concentration 106 cells/ml. Erythrocytes are mixed with pure culture of bacteria on the slide in the ratio 1 : 3 and incubated under 37° C for 30 min. Then smear from the mix is prepared, stained with Manson bluing. After drying index of adhesion is counted with immersion microscopy. Index of adhesion is number of bacteria, adherent on the erythrocytes divided by number of erythrocytes counted during these procedure. 

Haemolysins. For detection of haemolysins pure culture is inoculated on the 3-5% blood agar and after overnight incubation at 37° C zones of haemolysis are revealed around grown colonies.

Lecithinase. It is detected by inoculation of pure culture on the Egg-yolk salt agar and after overnight incubation at 37° C opaque zones with opalescent shine are revealed around grown colonies.

Coagulase. It is detected by inoculation of pure culture in blood plasma with sodium citrate. 0.5 ml plasma with citrate is poured in two test tubes. In trial tube one loop of pure culture is added. Both tubes are incubated in thermostat under 37° C for 18-24 hours. After the incubation dense plot is appeared in trial tube as a positive result. In control tube plasma stays liquid.

Hyaluronidase. For detection of hyaluronidase pure culture is inoculated in solution of hialuronic acid. 0.5 ml of hialuronic acid solution is poured in two test tubes. In trial tube one loop of pure culture is added. Both tubes are incubated in thermostat under 37° C for 20 min. After the incubation in both tubes 15% acetic acid is added. In control tube dense plot of mucin is appeared due to interaction between hialuronic acid and acetic acid. In trial tube as a positive result fluid stays liquid.

Lysozyme. For detection of lysozyme activity on the surface of nutrient agar with lawn plating of test microorganism Micrococcus luteus studying culture is inoculated. After overnight incubation at 37° C zones of lysis of Micrococcus luteus are revealed around grown colonies.

III. Control of practical skills.
1. Please describe purpose of the Adhesins, Haemolysins, Lecithinase activity, Lysozyme activity.
2. Respond in writing how many types of hemolysis bacteria can exhibit, describe how different types of hemolysis look.
3.  Give examples with explanations of the factors of colonization, persistence, aggression and exotoxins.
4.2. INFECTIOUS PROCESS. ROLE OF MACROORGANISMS.

EXPERIMENTAL INFECTION
I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 80-91.
The questions for study:

1. Role of microorganism in the infectious process (the concept of susceptibility, infection sensitivity)

2. The causes and conditions which influence susceptibility and infectious sensitivity of the host.

3. The role of the environment as a driving force of the infectious process. 

4. The role of social factors in the occurrence and development of infectious process.

5. The infectious stages of the disease.

6. The way the spread of germs and toxins in the body.

7. Form of infectious process.

8. Experimental infection and its importance in scientific research and practical medicine. Biological method of diagnosis (experimental infection).

2) Before class draw this table in your workbook and fill in all fields:
 “Forms of infectious process”

	Form of infectious process
	Description
	Schematic representation
	Example from clinical practice

	Acute infection
	
	
	

	Chronic infection
	
	
	

	Superinfection
	
	
	

	Reinfection
	
	
	

	Secondary infection
	
	
	


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part
Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Role of microorganism in the infectious process (the concept of susceptibility, infection sensitivity)

2. The causes and conditions which influence susceptibility and infectious sensitivity of the host.

3. The role of the environment as a driving force of the infectious process. 

4. The role of social factors in the occurrence and development of infectious process. 

5. The infectious stages of the disease. 

6. The way the spread of germs and toxins in the body.

7. Form of infectious process. 

8. Experimental infection and its importance in scientific research and practical medicine. Biological method of diagnosis (experimental infection).

THE THEORETICAL REFERENCE
The origin of the infectious disease depends on the reactivity of the human body, the quality and quantity of the causative agent, and the influence of the external environment and social conditions. Depending on the relationship of these factors, the infectious process may terminate in the death of the causative agent, the death of the host or the establishment of mutual adaptation between the host and the parasite.

The penetration of the causative agent into the body does not always entail disease but in many cases it is limited by a short-term infection without any manifestation of the disease or by a comparatively long carrying state (streptococci, adenoviruses, enteroviruses, herpes virus, malarial plasmodium, Entamoeba histolytica).

The reactivity of the human body with its immunobiological readiness to render the pathogenic micro-organism harmless is closely related with the environment, with conditions of life, nature of work and nutrition, hygienic and ageneral cultural level and many other factors. The condition of the macro-organism and its resistance have a decisive significance in the origin, course and outcome of the infectious disease. Susceptibility depends to a certain extent on age and sex due to certain physiological peculiarities. For example, during menstruation, pregnancy and labour the female organism becomes more sensitive, particularly to streptococcal diseases. 

Children are more susceptible to some infectious diseases, and less susceptible to others than adults. Resistance to many infectious diseases in children up to the age of 6 months is associated with a poorly developed central nervous system, and also with the presence of maternal immunity. Besides, it has been established that in relation to some diseases (dysentery, staphylococcal and streptococcal diseases, colienteritis and infections caused by Coxsackie virus) children are more susceptible than adults. The varied age resistance to infectious diseases depends on the nature of metabolism, the function of the organs of internal secretion and on peculiarities of immunity.

Such factors as nature of nutrition (general starvation, deficiency of proteins, fats, carbohydrates, vitamins, and trace elements), overstrain, infection and infectious process cooling, sanitary-hygienic conditions of work and life, also various somatic diseases, chronic poisonings and disturbances in the normal activity of the central nervous system have the effect of increasing the susceptibility to infectious diseases.

General starvation is accompanied by an aggravation of tuberculosis, dysentery, furunculosis and other diseases. As a result of starvation not only individual, but specific immunity is lost. For example, during starvation, pigeons become susceptible to anthrax to which they are resistant in a normal state. Lowering of the resistance in animals is not only due to general starvation, but also due to a deficiency of individual components of food, e.g., proteins, fats, carbohydrates. Starvation is accompanied by a disturbance in the protein metabolism, which leads to a decrease in the synthesis of immune globulins (antibodies), and a lowering of the activity of phagocytes.

Vitamin deficiencies have a great influence on the susceptibility to infectious diseases. A deficiency of vitamin A provides for the appearance of catarrhs of the mucous membranes of the eye and leads to xerophthalmia, enhances the development of skin affections, bronchopneumonia, influenza and acute catarrhs of the upper respiratory tract. A deficiency of vitamin B, causes an increased susceptibility to leprosy and to a number of pathogenic and conditionally pathogenic microbes Vitamin C deficiency causes a decline in the resistance to tuberculosis, diphtheria, streptococcus, staphylococcus, pneumococcus and other diseases. Quite important is the fact that during many infectious diseases as a result of the lethal action of drugs on the normal intestinal microflora which supply the organism with vitamins of the B group, vitamin deficiencies develop.

In the past years great heed has been paid to the problems of the study of mineral metabolism. A deficiency of iron, calcium, magnesium, copper, zinc, iodine, manganese, boron, cobalt and molybdenum leads to a disturbance in metabolism, a decrease in the resistance of the organism and an increase in the susceptibility to infectious diseases. Small amounts of trace elements are capable of increasing the defence mechanisms of the macro-organism, in particular, the phagocytic activity of leukocytes. They restore the previously impaired biochemical functions.

Physical and mental overstrain associated with an irregular organization of working hours and a disturbance of conditions of life causes a weakening of the defence mechanisms to many infectious diseases. Cooling lowers the resistance of the organism in relation to pathogenic and conditionally pathogenic microbes, enhances the development of pneumonia, catarrhs of the upper respiratory tract and other diseases. Pasteur proved that cooling in chickens causes a disturbance of specific immunity to anthrax. When the environmental temperature increases, penguins die from auto-infections caused by aspergilli. 

Cooling as well as overheating of the body of animals leads to disturbances in biocatalytic  reactions, a weakening of the organism and lowering of immunity to infectious diseases. It is known, for example, that acute catarrhs are observed in the autumn-winter period, while colienteritis and infections caused by Coxsackie and ECHO viruses develop in the summer.

The effect of ultraviolet rays and sunlight on the organism depends on the wave length, intensity and duration of application. Observations have shown that sunlight has a favourable effect on the organism, and to a certain degree increases the resistance to infectious diseases. However, in a number of cases, lengthy and intense irradiation is accompanied by a decrease in the resistance of the human organism to a number of pathogenic microbes. For example, spring relapses of malaria are observed in people infected by plasmodia and exposed to intense solar radiation.

Of great theoretical and practical importance is the action of ionising radiation. As has been established small doses of X-rays increase the resistance of animals to various diseases, while increased doses lower it and enhance the activity of normal microflora and development of bacteremia and septicaemia. At the same time the permeability of mucous membranes is disturbed, their barrier capacity is reduced, and the function of the reticuloendothelial system and defence properties of the blood are sharply lowered. Especially dangerous to man are increasing doses of ionising radiation as a result of the testing of nuclear weapons. Radioactive strontium accumulates in the atmosphere. It causes deep changes in the hemopoietic function of the bone marrow, the formation of tumours and impairs reproductive ability.

Poor sanitary hygienic conditions of work and life have an unfavourable effect on the human body. Despite the fact that there are 2.5 million tons of air per each person, due to its pollution in large cities and industrial centres the incidence of respiratory diseases among the people is growing lately. This results in the spread of chronic diseases (cancer of the lungs, emphysema, asthma, etc.). The polluted air has a detrimental effect on animals and the vegetable kingdom. A deficiency of oxygen in the building, an excess of carbon dioxide and other harmful gases cause chronic toxicosis and are favourable for the development of tuberculosis. The presence in the air of dust containing a large amount of silicates disturbs the integrity of the mucous membranes of the respiratory tract, increases the possibility of infection by different micro-organisms, and leads to such diseases as tuberculosis, actinomycosis, aspergillosis, etc. Limited insolation also causes various disturbances in the activity of the body and enhances the development of diseases. Besides these harmful external factors, a great influence on the susceptibility to infectious diseases is caused by various somatic diseases (diabetes and other disturbances of the endocrine organs, diseases of the cardiovascular system, liver, kidneys, chronic poisonings by alcohol, nicotine and other poisons).

The hypophysis-adrenal system is of great importance in maintaining stability of the internal medium of the organism. The system is stimulated by the action of different stimulants, e. g. mechanical traumas, cold, heat, ultraviolet and ionising radiation, micro-organisms, etc. As a result of an excess deficiency or abnormal combination of hormones such as STH (somatotrophic hormone), ACTH (adrenocorticotrophic hormone), various disturbances in the functions of the organism may occur. Thus, for example, cortisone inhibits the inflammatory reaction, and therefore enhances the development of the infectious process. The somatotrophic hormone, on the other hand, activates the inflammatory process and causes an anti-infectious action.

Disturbances of the normal activity of the central nervous system deserve special attention. As is known, the causative agents of infectious diseases are extraordinary biological stimulants. With experimental infections, principally by neurotropic stimulants, it had been observed long ago that the injection of the infected material into the brain is accompanied by the greatest number of deaths.

Mental disturbances also lower the regulating function of the central nervous system. The mental patients in psychiatric hospitals more often contract infectious diseases.

Under the influence of various national disasters (hunger, war, earthquakes, floods) infectious diseases attain a mass distribution and are accompanied by a high death-rate and disability.

Thus, the infectious process reveals itself in the unity of biological and social factors. The disease incidence, severity of the clinical course and death-rate depend closely on the activity of the main economic laws of social formations.

The dynamics of the development of the infectious process consists of the incubation and prodromal periods, the height of the disease and period of recovery (convalescence). A certain period of time elapses from the moment of penetration of the pathogenic microbe to the onset of the first sings of the disease, which has been named the incubation period of the disease. It varies from several hours (in cholera, toxinfections and plague) to several months and years (in leishmaniasis, leprosy). The duration of the incubation period depends on the degree of the general and specific immunity of the human body, its reactivity, sensitization (increased sensitivity), influence of harmful environmental factors and social conditions of life, and on the dose and virulence of the causative agent.

One of the forms of interrelationship which occurs between the pathogenic microorganism and a human or animal body without manifesting an obvious disease is carrier state. The ability of the causative agent to carry infectious diseases has been confirmed only in a relatively immune organism. Regarding specificity of action, carrier state has much in common with the infectious process. In some infectious diseases an intense and prolonged postinfectious immunity is produced which excludes carrier state (measles, smallpox, chickenpox, etc.). In other diseases during the period of convalescence a carrier state may be prominent which is different in frequency and duration (cholera, enteric fever, paratyphoid, dysentery, amoebiasis, scarlet fever, diphtheria. meningitis, malaria, encephalitis, poliomyelitis, etc.). Carrier state may be found in healthy persons who have come into contact with diphtheria, meningitis, enteric fever, cholera, amoebiasis, encephalitis and poliomyelitis patients. Carrier state with a duration of 3 months is considered acute, while carrier state for longer periods is Infection and infectious process considered chronic. Prolonged carrier state (years and decades) has been described in enteric fever.

When infection occurs not with one species of causative agent, but with two or more, one speaks of mixed infection (measles and scarlet fever, measles and tuberculosis). If the infectious process is caused by microorganisms changed under the influence of one or several comembers of the parasite coenosis, then this state is known as parainfection.

Reinfection is a repeated infection by the same species of microbe responsible for the disease which terminated in convalescence (gonorrhoea, syphilis, etc.).

Superinfection is a fresh infection of the body in which the main disease has not ended. Superinfection occurs in many infectious diseases in their acute and chronic forms.

Relapse is a return of the symptoms of the same disease (relapsing fever, paratyphoid fevers, etc.). Of certain significance in the occurrences of relapses is the low level of immunological activity of the organism during illness and convalescence.

Primary infесtiоn it is initial infection with а parasite in а host. When the body resistance is lowered bу а preexisting infectious disease, а new parasite sets uр аn infection, this is termed secondary infесtiоn. In this infection causes a weakening of the body which then becomes susceptible to other diseases. Thus, for example, after influenza or measles pneumonia occurs. 

When а patient already suffering from а disease acquires а new infection frоm another host оr another external sоurсе, it is known as cross infесtiоn. Cross infection acquired in hospitals is called hospital-acquired or hospital associated or nоsосоmial infесtiоn. Аn iatrogenic infection is defined as physician induced infection resulting from drug therapy оr investigative procedures.

Whеn clinical symptoms of аn infection аrе not apparent, it is known as subclinical infесtiоn. Following infection, some раrаsitеs mау rеmаin in а latent оr hidden form in host tissues and they proliferate and produce clinical disease when the host resistance is lowered. It is known as latent infесtiоn. Atypical infесtiоn: in this type of infection, the typical or characteristic clinical manifestations of thе particular infectious disease аrе not рrеsеnt.

There are also local and generalized infections. For example, during infection with staphylococcus, the infectious process causes furunculosis, and if the causative agent penetrates into the blood sepsis will develop. An alternate occurrence of focal and generalized infections is observed during tuberculosis and syphilis.

 Localised. Тhеrе is an acute inflammatory reaction at thе site of invasion to аrrеst infection. Whеn this рrосеss fails, the organisms spread via the lymph channels (lymphangitis) to regional lymph nodes (lymphadenitis) and then to blood stream (bасtеrаеmiа) which leads to dissemination of microorganisms.

          Generalised.
1. Васtеrаеmia: It is the circulation of bacteria in blood. Transient bacteraemia is frequent еvеn in healthy persons and mау оссur during chewing, brushing of teeth and straining at stools. The bacteria аrе immediately killed bу phagocytes and аrе unable to initiate infection. Bacteriaemia of а longer duration is seen during generalised infections as in typhoid fever.

2. Sерtiсаеmia: It is thе condition where bacteria circulate in the blood and multiply in tissues, fоrm toxic products and cause high fever.

3. Pyaemia: It is condition whеrе pyogenic bacteria produce septicaemia with multiple abscesses in internal organs e.g. liver, spleen, kidnеу.

Depending on the sрrеаd of infectious disease in соmmunity they mау bе classified as endemic, epidemic and pandemic. Еndеmiс it is disease which is constantly рrеsеnt in a particular аrеа, e.g. enteric fever. Epidemic – it is disease that spreads rapidly, involving many persons in а раrtiсulаr аrеа at the same time is called epidemic disease e.g. meningococcal meningitis. Pаndеmiс - it is an epidemic thаt spreads through mаnу аrеа of the world involving vеrу large пumbеr of реrsоns within а short period e.g. cholera, influenza аnd еntеrоvirаl conjunctivitis.

Biological study consists of infecting animals for the purpose of isolating the culture of the causative agents and their subsequent examination for pathogenicity and virulence. Choice of experimental animals depends on the aim of the study. Most frequently used are rabbits, guinea pigs, albino mice, and albino rats. This is explained by the fact that they are susceptible to the causative agents of various infections diseases in man, easy to handle and propagate readily. Hamsters, polecats, cotton rats, monkeys, birds, etc. may also be occasionally infected.

Specialized, particularly virological, laboratories, make use of genetically standardized, so-called inbred animals (mice, rabbits, guinea pigs, and others). Working with experimental animals, one should keep it in mind that they may have spontaneous bacterial and viral diseases and latent infections activated as a result of additional artificial inoculation. This hinders the isolation of pure culture of the causative agent and determination of its aetiological role. Gnotobiotes (without microflora) and animals free of pathogenic microorganisms have no such drawback. Currently they include chickens, rats, mice, guinea pigs, pigs, etc.

Laboratory animals are distinguished by their species, age, and individual sensitivity toward microorganisms. Thus, in selecting animals for study it is necessary to take into account their species and age. For instance, sensitivity in mongrel animals may show con­siderable individual variations. The use of inbred animals with a definite constant susceptibility toward microorganisms excludes individual variations in sensitivity and allows for reproducible results.

Animals are infected for isolating pure culture of the causative agent in cases where it is impossible to obtain it by any other method (for example, in contamination of the studied objects by extraneous microflora which inhibits growth of the causative agent and in case of insignificant amounts of microorganisms or their transformation into filtering forms). Thus, in studying decayed corpses of rodents for the presence of plague causative agents, one inoculates (with suspension of the organs or blood) guinea pigs which die 3-7 days later with manifestations of septicaemia. Pure culture of the causative agent is readily isolated from the blood of internal organs. Contamination of susceptible animals for reproducing the infectious process is used in diseases caused by Rickettsia and viruses.

Injection to mice of material from a patient with tick-borne encephalitis brings about paralysis and death in these animals. To de­termine pathogenicity and virulence of the causative agents of plague, tularaemia, botulism, anthrax, and some viral diseases, cultures obtained from patients arc inoculated into albino mice, guinea pigs. rats, or suckling mice.

Methods of inoculation. In experimental inoculation of animals the studied material is administered via different routes: epicutaneously, subcutaneously, intracutaneously, intramusculariy, intravenously, per os, and in various organs and tissues such as the brain, mucosa, respiratory tract, etc. The method of material inoculation depends on affinity of the causative agent to definite tissues of the organism (tropism), while the volume of inoculum depends on the method of its administration and the species of animals.

Tasks experimental infection:

1. The study of the virulence of the microbe, disease pathogenesis

2. Determination of the effectiveness of therapeutic and preventive drugs

3. Diagnosis of disease (biological method)

The technique of  Experimental infection in lab animal. 
Course, outcome and features of infectious process may be studied with experimental infection in lab animals. Infection of lab animals is performed for the following purposes:
1) evaluation of virulence of a strain;

2) carriing out and research of infectious process;

3) estimation of therapeutic action of chemotherapeutic and immmune medicines;

4) isolation of pure culture of poor growing bacteria (e.g. Mycobacterium tuberculosis);

5) evaluation of toxigenicity of bacterial strain and determining of toxin type (reaction of neutralization with antitoxic serum).

Depend on purpose of experiment different ways of infection are used: intracutaneous, subcutaneous, intramascular, intravenous, intraperitoneal, oral and endonasal. In all these cases for excertion oral and endonasal ways syringe is applied. 

For intraperitoneal infection lab mouse is fixed with the left hand vertically down the head, so intestine shifted to diafragm. Hind leg is pulled off to one side, inguinal region is treated with ethanol, wiped. Than injection of inoculative material is carried out in the middle of inguinal region near to inguinal fold to avoid damage of intestine.  Direction of needle is vertical to skin surface. First skin is pierced, than abdominal wall  and needle fall into abdominal (peritoneal) cavity. 0,1 ml of  inoculative material is injured. Infected animals are placed into cell with label. Date of infection, dosis and kind of inoculative material are indicated in the label.

After death of animal necrotomy of dead animals is carried out for preparing of touch smears and for isolation of pure culture of causative agent. This procedure is performed with sterile instruments, observing rules of asepsis. During necrotomy examination of organs is performed, touch smears are prepared, inoculation of tissues and organs in nutrient media is carried out. Subsequently identification of isolated pure culture and revealing of virulence determinants may be performed.

Procedure of necrotomy:

· Cadaver of mouse is placed belly upward on the special desk covered by gauze wetted with disinfectant solution. The body is fixed by legs with pins. 
· Necrotomy is performed with sterile instruments.

· Skin from neck up to inguinal region is cuted and separated from underlying tissues. Thoracic cavity is dissected and blood from heart is taken for inoculation on blood agar and preparing of touch smear on the slide.

· Abdominal cavity is dissected, organs are examined. Liver and spleen are inoculated on blood agar and touch smears from them are prepared on the slide.

· Touch smears are fixed with Nikiforov’s fluid for 5 min and stained with methilene blue or fuksin for 1 min.

III. Control of practical skills.
1. Describe what phenomena you need to register with an experimental infection to confirm the pathogenicity of the microorganism. 

2. Answer how to select a pure culture when reproducing an infection on an animal?

3.  Answer what material for smears to take when intraperitoneal infection of the animal?
4.3. PRINCIPLES AND METHODS OF DIAGNOSIS, TREATMENT AND PREVENTION OF INFECTIOUS DISEASES 

I. Home work
1) Reading and learning of “Textbook of Microbiology” by Prof. C.P. Baveja p. 9-23, 42-61, 635-639.
The questions for study:

1. Methods of microbiological diagnostics of infectious diseases.

2. Methods of laboratory diagnostics of viral infections.
3. Peculiarities of microbiological diagnostics at quarantine infections.
4. Express diagnostics.
5. Intraspecific identification of bacteria (epidemiological marking.).
6. The main groups of drugs used for specific diagnosis of infectious diseases.
7. The main groups of drugs used for specific prophylaxis and therapy of infectious diseases.
2) Before class draw this table in your workbook and fill in all fields:
	Method of study
	Diagnostic value

	Microscopy
	

	Bacteriological
	

	Immunological
	

	Genotypic
	


II. Class work
1) Entry test
Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

2) Theoretical part
Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Methods of microbiological diagnostics of infectious diseases.

2. Methods of laboratory diagnostics of viral infections.
3. Peculiarities of microbiological diagnostics at quarantine infections.
4. Express diagnostics.
5. Intraspecific identification of bacteria (epidemiological marking.).
6. The main groups of drugs used for specific diagnosis of infectious diseases.
7. The main groups of drugs used for specific prophylaxis and therapy.
THE THEORETICAL REFERENCE
There are two principles of diagnosis of infectious diseases. The first principle is the detection of the pathogen in the test material. Used microscopic, bacteriological, immunological and genetic methods. The second principle is the search for specific changes in the human body. Used serological (immunological) method and allergy tests.

Labs can grow, isolate and identify most routinely encountered bacteria within 48 hrs of sampling. The methods microbiologist use fall into three categories: phenotypic - morphology (micro and macroscopic), immunological - serological analysis, genotypic - genetic techniques 

Phenotypic methods. “Old fashioned” methods via biochemical, serological and morphological are still used to identify many microorganisms. Microscopic morphology include a combination of cell shape, size, Gram stain, acid fast reaction, special structures e.g. Endospores, granule and capsule can be used to give an initial presumptive identification. Macroscopic morphology are traits that can be accessed with the naked eye e.g. appearance of colony including texture, shape, pigment, speed of growth and growth pattern in broth. 

Physiology/Biochemical characteristic are traditional mainstay of bacterial identification. These include enzymes (catalase, oxidase, decarboxylase), fermentation of sugars, capacity to digest or metabolize complex polymers and sensitivity to drugs can be used in identification. 

Immunological methods involve the interaction of a microbial antigen with an antibody (produced by the host immune system). Testing for microbial antigen or the production of antibodies is often easier than test for the microbe itself. Lab kits based on this technique is available for the identification of many microorganisms. 

Genotypic methods involve examining the genetic material of the organisms and has  revolutionized bacterial identification and classification. Genotypic methods include PCR, (RT-PCR, RAPD-PCR),use of nucleic acid probes, RFLP and plasmid fingerprinting. Increasingly genotypic techniques are becoming the sole means of identifying many microorganisms because of its speed and accuracy . 

The successful identification of microbe depends on: using the proper aseptic techniques, correctly obtaining the specimen, correctly handling the specimen, quickly transporting the specimen to the lab, once the specimen reaches the lab it is cultured and identified, use care and tact to avoid patient harm 

The specimen is the beginning. All diagnostic information from the laboratory depends upon the knowledge by which specimens are chosen and the care with which they are collected and transported. 

A drawing of a sterile swab with a specific transport medium. Sterile Vacutainer tubes for the collection of blood. Nasotracheal intubation. A drawing of a Foley catheter.  This specially designed sputum cup allows the patient to expectorate a clinical specimen directly into the cup. 

Specimen transported promptly within 2 hours. Strict storage conditions for delayed laboratory processing. Sterile containers faecal specimens an exception. Use of transport media. Provide written guidelines 

Identification measures include: microscopy (staining), growth on enrichment, selective, differential or characteristic media, specimen biochemical test (rapid test methods), immunological techniques, molecular (genotypic) methods . 

After the microbe is identified for clinical samples it is used in susceptibility tests to find which method of control is most effective. Different identification methods: staining reactions, cultural characteristics, resistance, metabolism, biochemical properties 

Staining reactions. The presence of certain structures and staining reactions aids in their identification and classification, to render microscopic and semitransparent objects visible, to reveal their shape and size, to produce specific physical or chemical reactions, to produce specific physical or chemical reactions. Simple staining bring out the morphology the best. Differential and special stains are necessary to bring out characteristics like flagella, capsules, spores and metachromatic granules. Gram stain divides bacteria into Gram positive and Gram negative. Ziehl-Neelsen stain divides them into acid fast and non acid fast. Fluorescent dyes bring out special characteristics and fluorescent antibody technique enables to identify them. 

Cultural characteristics. Provides additional information for the identification of the bacterium. The characters revealed in different types of media are noted. While studying colonies on solid media following characteristics are observed: size, shape, margins, surface, their elevations, edge, colour, structure, consistency. In fluid medium following characteristics are observed: degree of growth – absence, scanty, moderate, abundant etc. Presence of turbidity and its nature presence of deposit and its character. Nature of surface growth. Ease of disintegration and odour. 

The resistance of the organism is tested against number of parameters which helps differentiation and identification of the organisms: heat, low concentration of disinfectants, antibiotics, chemotherapeutic agents, bacteriocins etc. 

Metabolism. To classify and differentiate species following aspects are studied requirements of oxygen, the need for CO2, capacity to form pigments, power of haemolysis. Biochemical properties: tests for metabolism of carbohydrates and related compounds, tests for metabolism of proteins and amino acids, test for metabolism of lipids, tests for enzymes, combined tests, tests for metabolism of carbohydrates and related compounds, tests to distinguish b/w aerobic and anaerobic breakdown of carbohydrates - o/f test depends upon the use of a semi-solid tubed medium containing the carbohydrate (usually glucose) along with the ph indicator, tests to show the range of carbohydrates and related compounds that can be attacked - a large variety of carbohydrate compounds are used and they are often regarded as ‘sugars’, sugar fermentation – acid production, litmus milk – acid or alkali production, clot formation, peptonisation or saponification. Disruption of clot due to gas production. 

Antibiotic tolerance (resistance) test, dye tolerance and other chemical inhibition tests KCN test – Ability to grow in a medium containing KCN. (Should be handled carefully). Detection of motility - Slide test (Hanging drop technique), Tube test ( Semisolid Agar) 

API Strips - Rapid Tests Commercial miniaturized biochemical test panels. Cover a significant number of clinically important groups of bacteria, as well as food and water-associated microorganisms. The earliest, is the Analytical Profile Index (API) panel.  Different test panels are prepared in dehydrated forms which are reconstituted upon use by addition of bacterial suspensions. After incubation, positive test results are scored as a seven-digit number (profile). Identity of the bacterium is then easily derived from the database with the relevant cumulative profile code book or software. 

Immunologic techniques. The culturing of certain viruses, bacteria, fungi and parasites from clinical specimens may not be possible because the methodology remains undeveloped (Treponema pallidum; Hepatitis A, B, C and Epstein-Barr virus), is unsafe (rickettsias), or is impractical for all but a few clinical microbiology laboratories (Mycobacteria). Cultures also may be negative because of prior antimicrobial therapy. Under these circumstances, detection of antibodies or antigens may be quite valuable diagnostically. Immunologic systems for the detection and identification of pathogens from clinical specimens are easy to use, give relatively rapid reaction endpoints, and are sensitive and specific.

Using fluorescent antibodies. Abs can be chemically modified with fluorescent dyes such as rhodamine b, fluorescent red, fluorescien isothiocynate and fluoresces yellow or green. Cells with bound fluorescent Ab emit a bright red, orange, yellow or green light depending on the dye used. There are two distinct fluorescent Ab procedure: direct and indirect. In the direct method the fluorescent Ab is directed to surface Ag of the organism. In the indirect method a non-fluorescent Ab reacts with the organism's Ag and a fluorescent Ab reacts with the non-fluorescent Ag-Ab complex. Fluorescent Ab can be used to detect microorganisms directly in tissue, long before a primary isolation technique yield the suspected pathogen. 

ELISA - Enzyme-linked immunosorbent assay. The enzyme-linked immunosorbent assay (ELISA) has become one of the most widely used serological tests for antibody or antigen detection. This test involves the linking of various “label” enzymes to either antigens or antibodies. Enzymes used in ELISA include Alkaline Phosphate, Peroxidase and ß Galactosidase. During indirect ELISA the Ag is trapped between two Ab molecules (sandwich ELISA). The specimen is added to a well with attached Ab. If the Ag (microbe) is present it will attached to the Ab. After washing away unbound material, a second Ab with a conjugated enzyme is added. The second Ab is specific for the Ag. A substrate is added which reacts with the enzyme to give a coloured reaction. ELISA tests are available for the detection of many organisms including Staphylococcus aureus, E. coli and Salmonella . 

Immunoblot/Western Blot. Immunoblot detects for a specific protein associated with specific organism. The procedure involves: Separation of the proteins on polyacrylamide gel. Transfer (blotting) of proteins from the gel to a membrane (nitrocellulose or nylon) and identification of the protein with a specific Ab. The method is sensitive for detecting proteins in complex mixtures. Immunoblot is laborious, time consuming and less sensitive than ELISA. Immunoblot is used as a confirmatory test for HIV. The ELISA test for HIV often yields false positive and the immunoblot test is used to confirm a positive ELISA results. 

Radio immuno assay. A technique used to measure the concentration of hormones, Drugs, enzymes, viruses, bacterial antigens and other organic substances of biological interest found in Blood, Tissues and other biological fluids. Advantages of RIA: highly specific - immune reactions are specific, high sensitivity - immune reactions are sensitive. Disadvantages: radiation hazards - uses radio labelled reagents, requires specially trained persons, labs require special license to handle radioactive material, requires special arrangements for requisition, storage of radioactive material radioactive waste disposal. 

Immuno-electron microscopy or EM can be used to study the detailed microarchitecture of tissues or cells. Immuno-EM allows the detection of specific proteins in ultrathin tissue sections. Antibodies labelled with heavy metal particles (e.g. gold) can be directly visualised using Transmission Electron Microscopy . While powerful in detecting the sub-cellular localisation of a protein, immuno-EM can be technically challenging, expensive, and require rigorous optimisation of tissue fixation and processing methods. 

Genotypic methods. The initiation of new molecular technologies in genomics and proteomics is shifting traditional techniques for bacterial classification, identification, and characterization in the 21st century toward methods based on the elucidation of specific gene sequences or molecular components of a cell. 

Genotypic methods of microbe identification include the use of: nucleic acid probes, PCR (RT-PCR, RAPD-PCR), nucleic acid sequence analysis, 16s rRNA analysis, RFLP, plasmid fingerprinting.

Nucleic acid hybridization is one of the most powerful tools available for microbe identification.  Hybridization detects for a specific DNA sequence associated with an organism. The process uses a nucleic acid probe which is specific for that particular organism. The target DNA (from the organism) is attached to a solid matrix such as a nylon or nitrocellulose membrane. A single stranded probe is added and if there is sequence complementality between the target and the probe a positive hybridization signal will be detected. Hybridization is detected by a reporter molecule (radioactive, fluorescent, chemiluminescent) which is attached to the probe. Nucleic acid probes have been marketed for the identification of many pathogens such as N. gonorrhoeae . Molecular probes are also finding wide spread use in the food industry and food regulatory agencies. The pathogen DNA is attached to a “dipstick” to hybridize to the pathogen DNA from the food. A two component probe is used ( reporter and a capture probe which are attached to each other). Following hybridization the dipstick with the capture probe (usually poly dT to capture poly dA on the probe) is inserted into the hybridization solution. It traps the hybridized DNA for removal and measurement. Nucleic acid probes has many advantages over immunological methods. Nucleic acid are more stable at high temperature, pH, and in the presence of organic solvents and other chemicals. This means that the specimen can be treated very harshly to destroy interfering materials. Nucleic acid probes can be used to identify microorganisms which are no longer alive. Furthermore nucleic acid probes are more specific than antibodies. 

Polymerase Chain Reaction (PCR). PCR is widely used for the identification of microorganisms. Sequence specific primers are used in PCR for the amplification of DNA or RNA of specific pathogens. PCR allows for the detection even if only a few cells are present and can also be used on viable nonculturables. The presence of the appropriate amplified PCR product confirms the presence of the organisms.  Limitations of End-Point PCR Agarose gel results are obtained from the end point of the reaction. Endpoint detection is very time consuming. Results may not be obtained for days. Results are based on size discrimination, which may not be very precise. The end point is variable from sample to sample. Gels may not be able to resolve these variability in yield, real-time PCR is sensitive enough to detect these changes. Agarose Gel resolution is very poor, about 10 fold. Realtime PCR can detect as little as a two-fold change! Some of the problems with End-Point Detection: Poor Precision Low sensitivity Short dynamic range < 2 logs Low resolution Non - Automated Size-based discrimination only Results are not expressed as numbers Ethidium bromide for staining is not very quantitative Post PCR processing 

Real time PCR. Currently many PCR tests employ real time PCR. This involves the use of fluorescent primers. The PCR machine monitors the incorporation of the primers and display an amplification plot which can be viewed continuously thru the PCR cycle. Real time PCR yields immediate results. Rapid detection and identification of several bacterial strains. Promising tool for distinguishing specific sequences from a complex mixture of DNA and therefore is useful for determining the presence and quantity of pathogen-specific or other unique sequences within a sample. Facilitates a rapid detection of low amounts of bacterial DNA accelerating therapeutic decisions and enabling an earlier adequate antibiotic treatment. RT-PCR (reverse transcription-polymerase chain reaction) is the most sensitive technique for mRNA detection and quantitation currently available. Compared to the two other commonly used techniques for quantifying mRNA levels, Northern blot analysis and RNase protection assay, RT-PCR can be used to quantify mRNA levels from much smaller samples. In fact, this technique is sensitive enough to enable quantitation of RNA from a single cell. 

RAPD stands for Random Amplification of Polymorphic DNA. RAPD reactions are PCR reactions, but they amplify segments of DNA which are essentially unknown to the scientist (random). Standard PCR is used to amplify a known sequence of DNA. The scientists chooses the sequence he or she wants to amplify, then designs and makes primers which will anneal to sequences flanking the sequence of interest. PCR leads to the amplification of a particular segment of DNA.  In RAPD analysis, the target sequence(s) (to be amplified) is unknown. The scientist will design a primer with an arbitrary sequence.  In other words, the scientist simply makes up a 10 base pair sequence (or may have a computer randomly generate a 10 bp sequence), then synthesizes the primer. The scientist then carries out a PCR reaction and runs an agarose gel to see if any DNA segments were amplified in the presence of the arbitrary primer. RAPD has many advantages: pure DNA is not needed,  less labor intensive than RFLP. There is no need for prior DNA sequence data.  RAPD has been used to Fingerprinting Unknown Microorganisms 

DNA sequencing (16s rDNA). The rRNA is the most conserved (least variable) gene in all cells. Portions of the rDNA sequence from distantly-related organisms are remarkably similiar. This means that sequences from distantly related organisms can be precisely aligned, making the true differences easy to measure. For this reason, genes that encode the rRNA (rDNA) have been used extensively to determine taxonomy, phylogeny (evolutionary relationships), and to estimate rates of species divergence among bacteria. Thus the comparison of 16s rDNA sequence can show evolutionary relatedness among microorganisms. This work was pioneered by Carl Woese, who proposed the three Domain system of classification - Archaea, Bacteria, and Eucarya - based on such sequence information. Computer analysis of 16SrRNA sequence has revealed the presence of signature sequences, short oligonucleotides unique to certain groups of organisms and useful in their identification. rRNA sequence can be used to fine tune identity at the species level e.g differentiating between Mycobacterium and Legionella. 16srRNA sequence can also be used to identify microorganisms from a microbial community. 

Restriction Fragment Length Polymorphism. RFLP involves digestion of the genomic DNA of the organism with restriction enzymes. The restricted fragments are separated by agarose gel electrophoresis. The DNA fragments are transferred to a membrane and probed with probes specific for the desired organisms. A DNA profile emerges which can be used for microbe identification. 

Plasmid fingerprinting identifies microbial species or similar strains as related strains often contain the same number of plasmids with the same molecular weight. Plasmid of many strains and species of E. coli, Salmonella, Camylobacter and Psseudomonas has demonstrated that this methods is more accurate than phenotypic methods such as biotyping, antibiotic resistance patterns, phage typing and serotyping. The procedure involves: the bacterial strains are grown, the cells lysed and harvested, the plasmids are separated by agarose gel electrophoresis, the gels are stained with etbr and the plasmids located and compared. 

Gas-liquid chromatography. In (GLC), specific microbial metabolites, cellular fatty acids, and products from the pyrolysis (a chemical change caused by heat) of whole bacterial cells are analyzed and identified. These compounds are easily removed from growth media by extraction with an organic solvent such as ether. The ether extract is then injected into the GLC system. Both volatile and nonvolatile acids can be identified. Based on the pattern of fatty acid production, common bacteria isolated from clinical specimens can be identified. 

Bacteriophage. Typing is based on the specificity of phage surface receptor for the cell surface receptor. Only those phages that can attach to the surface receptors can cause lysis. The procedure involves. A plate is heavily inoculated so that there is no uninoculated areas. The plate is marked off in squares (15-20 mm) and each square inoculated with a drop of suspension for different phages. The plate is incubated for 24 hrs then observed for plaques. The phage type is reported as a specific genus and species followed by the types that can infect the bacterium. Phage tying remain a tool for research and reference labs. A bacterial lawn inoculated with a range of bacteriophage. 

Unculturable organisms.  Environmental researchers estimate that < 1% of microorganisms are culturable and therefore it is not possible to use phenotypic methods of identification. These microorganisms are called viable nonculturable (VNC). Flow Cytometry it is classical techniques are not successful in identification of those microorganisms that cannot be cultured. Flow cytometry allows single or multiple microorganisms detection an easy, reliable and fast way. In FC microorganisms are identified on the basis of the cytometry parameters or by means of certain dyes called fluorochromes that can be used independently or bound to specific antibodies. The cytometer forces a suspension of cells through a laser beam and measures the light they scatter or the fluorescence the cell emits as they pass through the beam. The cytometer also can measure the cell’s shape, size and the content of the DNA or RNA. 

Computers improve the efficiency of the lab operations and increase the speed and clarity with which results can be reported. Computers are also important for the result entry, analysis and preparation. Identification is the determination of whether an organism (or isolate in the case of microorganisms) should be placed within a group of organisms known to fit within some classification scheme. Organisms are identified for practical purposes, such as diagnosis of disease . 

Synthetic peptides in Diagnosis of Viral Infections. Although sensitive PCR diagnostic methods have been developed for detection of infectious diseases, most clinical laboratory tests are based on the detection of specific antigens or antibodies in diseased people. Many of these tests involve the use of infectious viral particles to test for viral antibodies in the blood. Recently, researchers have begun using synthetic peptides as diagnostic reagents in immunoassays, thus limiting the exposure and handling of infectious materials.  

Specific diagnostic drugs

1. Diagnosticums contain specific antigens of a certain kind, type (inactivated organisms or purified antigenic preparations), are used to detect antibodies in the serum of the patient – serological method of diagnosis. Diagnosticums are bacterial, viral, anatoxina, etc. Anatoxina diagnosticums (diphtheria, tetanus, etc.) contain specific antigens are used in the determination of antitoxic immunity – serological method of diagnosis.

2. Bacteriophages – live viruses bacteria of a certain kind or type are used to tahitipresse in the identification of bacteria – bacteriological method of diagnosis.

3. Diagnostic serum contains specific antibodies, are used to determine the types of microorganisms. Diagnostic serum produced by immunization of animals (mostly rabbits) relevant microorganisms or their antigens. Serum by purpose classified into agglutinating, haemolytic, antiviral, luminescent.

4. Allergens contain specific antigens. Used to identify allergies: DTH, GNT.

Preparations for specific prophylaxis and therapy

1. Vaccines drugs that create active immunity, contain specific antigens in the form of microorganisms or purified antigenic preparations. Vaccines are classified into live, dead, chemical and anatoxins. The vaccine is designed to immunize against a single or multiple infections, is called mono - or poliomyelitis, respectively. Associated vaccines contain a mixture of antigens from different bacteria and toxins.

2. Preventive and curative serum immunoglobulins are drugs that create passive immunity, contain specific antibodies. Immunoglobulins is most purified preparations, which are produced from sera. Serum obtained from the blood of human donors or animals (horses) immunized by the relevant vaccine preparations. Serum (immunoglobulins) are antitoxic, antibacterial, antiviral.

3. Bacteriophages (live viruses of bacteria) is used for the treatment and prevention. Action based on the specific lysis of the pathogen.
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III. Control of practical skills.
1. Give 10 examples of diagnostic and therapeutic (monovalent and polyvalent) bacteriophages.
2.  Specify the stages and purpose of  phagotyping.
3.  Write how many principles of laboratory diagnosis of diseases of the microbial etiology you know. Indicate the names of these principles.
4.  List the methods of the first principle of laboratory diagnosis of diseases of microbial etiology.

5.  List the methods of the second principle of laboratory diagnosis of diseases of microbial etiology
CONTROL QUESTIONS

Topic 1. MORPHOLOGY OF MICROORGANISMS
1. History of microbiology. The periods of microbiology development.

2. The basic scientists in microbiology and their contributions.

3. Optical microscopy. The total magnification of a microscope. The resolving power.

4. Microscopical  methods. Principles of immersion, phase contrast, dark field, dark field, fluorescent and electron microscopy. Applying of different kinds of microscopy.

5. Kinds of smears of a bacterial culture (native and fixed), their applying.

6. Kinds of bacteria staining (simple, negative, differential) with examples and their applying.

7. Bacterial anatomy, essential and additional components of bacterial cell.

8. Cell wall of gram-positive and gram-negative bacteria, its functions and composition. Methods of its revealing. Bacteria with defective cell wall, their features. Reasons of the loss.

9. Nucleoid (bacterial nucleus), its functions and composition. Methods of its revealing.

10. Cytoplasmic membrane, its functions and composition. Methods of its revealing.

11. Capsule, its functions and composition. Methods of its revealing.

12. Flagella, their functions and composition. Methods of their revealing.

13. Fimbriae (pili), their functions and composition. Methods of their revealing.

14. Spore, its functions and composition. Methods of its revealing.

15. Gram stain, technique of the staining and its mechanism.

16. Composition of eukaryotic and prokaryotic cell.

17. Differences between eukaryotes and prokaryotes.

18. Morphology of bacteria depending on their shape and arrangement. 

19. Basic features of spirochetes, actinomycetes, mycoplasmae, rikketsiae and chlamydiae.

20. Acid-fast stain (Ziehl-Neelsen stain), technique of the staining and its mechanism. Acid-fast bacteria and diseases induced by them.

Topic 2. PHYSIOLOGY OF MICROORGANISMS 

1. Bacterial growth, nutrition and metabolism. Curve of bacterial growth.

2. Respiration of bacteria. Cultivation of obligate anaerobes and microaerophyles. 

3. Nutrient media for bacteria, their classification by physical condition and purpose.

4. Cultural method of bacteriological diagnostics, its purpose, stages and steps. 

5. Technique of cultural method. Methods of pure culture isolation.

6. Structure and features of bacterial genome.

7. Types and features of plasmids.

8. Genetic variation in bacteria. Mutations and their classification.

9. Mobile genetic elements and their characteristics. 

10. Horizontal and vertical gene transfers.

11. Recombinations. Transformation, its steps and mechanism.

12. Conjugation, its kinds. Steps and mechanism of F+ conjugation.

13. Bacteriophage structure and features.

14. Lytic and lysogenic life cycles of bacteriophage, their steps. Features of lysogenic cycle.

15. Application of lytic and lysogenic phages in medicine and genetic engineering.

16. Transduction, its kinds. Steps and mechanism of generalized transduction.

17. Principles of genetic methods of diagnostics (PCR and hybridization with DNA-probes).

Topic 3. ECOLOGY OF MICROORGANISMS 

1. Microorganisms of environment (water, soil, air) including human pathogens.

2. Methods of sanitary microbiology. Common microbial number and sanitary indicator microorganisms: definitions.

3. Sanitary indicator microorganisms, detected in different objects of environment (water, soil, air, food, medical instruments).

4. Bacteriological examination of water.

5. Bacteriological examination of air.

6. Environment factors affecting microorganisms, results of their action.

7. Conditions defining result of factor action.

8. Definitions of asepsis, antiseptics, sterilization and disinfection.

9. Methods of sterilization. Sterilization control.

10. Chemical agents using as antiseptics and disinfectants.

11. Antibiotics. Classifications of antibiotics by chemical structure, origin, result of action, mechanism of action and antimicrobial spectrum. 

12. Complications of antibacterial therapy. 

13. Resistance of microorganisms to antibiotics and its mechanisms.

14. Antimicrobial sensitivity tests.

15. Chemotherapy. 

Topic 4.  INFECTIOUS PROCESS
1. Definitions of terms: infection, infectious process, соmmеnsаl, раthоgеn, opportunistic pathogen, pathogenicity, virulence, infectious disease.

2. Main factors of infectious process. Types of infection. 

3. Sоurсеs of infесtiоn. Mechanisms of trаnsmission. 

4. Role of microorganism in infectious process. Differences between pathogenicity and virulence.

5. Determinants of virulence, their classification, evaluation and examples.

6. Role of microorganism in the infectious process (the concept of susceptibility, infection sensitivity)

7. The causes and conditions which influence susceptibility and infectious sensitivity of the host.

8. The role of the environment as a driving force of the infectious process. 

9. The role of social factors in the occurrence and development of infectious process.

10. The infectious stages of the disease.

11. The way the spread of germs and toxins in the body.

12. Form of infectious process.

13. Experimental infection and its importance in scientific research and practical medicine. Biological method of diagnosis (experimental infection).

14. Methods of microbiological diagnostics of infectious diseases.

15. Methods of laboratory diagnostics of viral infections.
16. Peculiarities of microbiological diagnostics at quarantine infections.
17. Express diagnostics.
18. Intraspecific identification of bacteria (epidemiological marking.).
19. The main groups of drugs used for specific diagnosis of infectious diseases.
20. The main groups of drugs used for specific prophylaxis and therapy of infectious diseases.
TESTS

ТОPIC 1.  HISTORY OF MICROBIOLOGY. MORPHOLOGY OF MICROORGANISMS 
1.  Paul Ehrlich developed  

a) theory of humoral immunity 

b) theory of humoral immunity, chemotherapy of infectious diseases  

c) theory of humoral immunity, chemotherapy of infectious diseases, vaccine against small pox  

2. The cell wall  of Gram positive bacteria is composed of: 
a) thin peptidoglycan layer 

b) thick peptidoglycan layer 
c) nucleic acids 

d) outer membrane with lipopolysaccharide 

e) periplasmic space 

3. The cell wall of Gram negative bacteria contains: 
a) inorganic components 

b) thin peptidoglycan layer 
c) teichoic & lipoteichoic acids 

d) thick peptidoglycan layer 

e) nucleic acids 

4. Bacteria can be divided into the groups by Gram staining as they have 
a) thick or thin peptidoglycan layer (murein) 
b) inclusions 

c) capsule 

d) outer lipopolysaccharide membrane 

e) mycolic acids 

5. Microscopical diagnosis method of tuberculosis is performed using 
a) Gram stain 

b) Ziehl-Neelsen stain 
c) Methylene blue stain 

d) Giemsa stain 

e) Silver stain 

6. Which method may be used for detection of motile bacteria 
a) Brightfield microscopy of stained smears 

b) Electron microscopy 

c) Darkfield microscopy 
d) immune electron microscopy 

e) Fluorescent microscopy 

7. Gram staining is used to 
a) detect capsule 

b) differentiate gram positive and negative bacteria 
c) differentiate acid fast and nonacid fast bacteria 

d) stain spores 

e) detect nucleic acids 

8. Ziehl-Neelsen staining is used to 
a) detect capsule 

b) differentiate Gram-positive and Gram-negative bacteria 

c) differentiate acid fast and nonacid fast bacteria 
d) stain spores 

e) detect nucleic acids 

9. Burry-Gins staining is used to 
a) detect capsule 
b) differentiate Gram-positive and Gram-negative bacteria 

c) differentiate acid fast and nonacid fast bacteria 

d) stain spores 

e) detect nucleic acids 

10. Which staining technique is used for detection of C.diphtheriae? 
a) Neisser's stain 
b) Romanowsky-Giemsa stain 

c) Burry-Gins stain 

d) Silver impregnation 

e) Acid fast stain
11. The cell wall of acid-fast bacteria is composed of 
a) thick peptidoglycan layer without mycolic acids 

b) thin peptidoglycan layer with mycolic acids 

c) only teichoic & lipoteichoic acids 

d) thick peptidoglycan layer with mycolic acids 
e) nucleic and teichoic acids 

12. The term "species of bacteria" means a group of organisms 
a) with a close genetic resemblance to one another 
b) which are derived from a single cell 

c) which are genetically different 

d) which inhabit the same biological niche 

e) which has similar phenotype but dissimilar genotype 

13. Choose the microorganism which can form capsule 
a) Mycoplasma pneumoniae 

b) Chlamydia trachomatis 

c) Leptospira interrogans 

d) Bacillus anthracis 
e) Mycobacterium tuberculosis 

14. Choose the microorganism which lacks cell wall 
a) Staphylococcus aureus 

b) Mycoplasma pneumoniae 
c) Escherichia coli 

d) Treponema pallidum 

e) Brucella abortus 

15. Choose the microorganism which can form capsule 
a) Mycoplasma hominis 

b) Chlamydia pneumoniae 

c) Clostridium perfringens 
d) Treponema pallidum 

e) Mycobacterium bovis 

16. Choose the microorganism which can form spores 
a) Mycoplasma pneumoniae 

b) Chlamydia pneumoniae 

c) Leptospira interrogans 

d) Bacillus anthracis 
e) Mycobacterium tuberculosis 

17. Choose the microorganism which can form spores 

a) Mycoplasma hominis 

b) Chlamydia pneumoniae 

c) Clostridium perfringens 
d) Treponema pallidum 

e) Mycobacterium africanum 

18. Choose the microorganism which lacks cell wall: 
a) Mycoplasma pneumoniae 
b) Klebsiella pneumoniae 

c) Streptococcus pneumoniae 

d) Chlamydia pneumoniae 

e) Actinomyces bovis 
19. All prokaryotes lack: 
a) ribosomes 

b) fimbriae 

c) mitochondria 
d) inclusions 

e) flagella 

20. L-forms of bacteria lack: 
a) plasmids 

b) inclusions 

c) cytoplasmic membrane 

d) ribosomes 

e) cell wall

21. Choose the microorganism which lacks capsule: 
a) Bacillus anthracis 

b) Staphylococcus aureus 

c) Streptococcus pneumoniae 

d) Klebsiella pneumoniae
 e) Leptospira interrogans 
22. Choose the microorganism which is monotrichous: 
a) Escherichia coli 

b) Salmonella enteritidis 

c) Proteus vulgaris 

d) Vibrio cholerae 
e) Pseudomonas aeruginosa 

22. Which of the following is not true for eukaryotic cells?

a) Nucleus is bounded by nuclear membrane

b) Chromosomes contain  histones
c) Chloroplasts and mitochondria contains 70S ribosomes

d) Gas vacuoles are present

23. Which of the following is not true for prokaryotic organism?

a) Nucleus is not bounded by nuclear membrane

b) Chromosomes does not contain histones 

c) 80S ribosomes are distributed in cytoplasm
d) Cell wall contains peptidoglycan as one of the major component 

24. Gram staining was introduced by 

a) Christian Gram

b) Alfred Gran 

c) Robert Cook

d) Louis Pasteur

25. Mycoplasmas, rickettsiae, and chlamydiae are

a) types of fungi

b) small bacteria

c) species of protozoa

d) forms of viruses

26. Which of the following structure is absent in eukaryotic cells?

a) Mitochondria

b) Chloroplasts

c) Golgi structure

d) Mesosome

27. Which of the following is/are included in Kingdom Prokaryotae?

a) Bacteria

b) Protozoa

c) Fungi

d) All of these 
ТОPIC 2. PHYSIOLOGY OF MICROORGANISMS
1. Pure culture of bacteria is represented by: 
a) the cells of one and the same genus 

b) the cells derived from different sources 

c) the cells of one and the same species 
d) genetically different organisms 

e) cells of different species 

2. Facultative anaerobes are bacteria 
a) which can produce energy only by fermentation 

b) which carry out only respiration 

c) which die in the presence of oxygen 

d) in which the final electron acceptor is molecular oxygen 

e) which can proliferate regardless of presence of oxygen 
3. Obligate aerobes are bacteria 
a) which can produce energy from glucose by fermentation 

b) in which the final acceptor is organic substance 

c) which require the presence of molecular oxygen for growth 
d) in which the final electron acceptor is nitrogen 

e) which can proliferate regardless of presence of oxygen 

4. Which microorganism can't be cultivated on artificial solid media? 
a) Treponema pallidum 
b) Staphylococcus aureus 

c) Escherichia coli 

d) Klebsiella pneumoniae 

e) Bacillus cereus 

5. Which microorganism can't be cultivated on artificial solid media? 
a) Chlamydia trachomatis 
b) Staphylococcus epidermidis 

c) Salmonella typhi 

d) Mycobacterium tuberculosis 

e) Bacillus anthrax 

6. Transformation as the mechanism for gene transfer 
a) accomplishes several types of transfer for genes from donor cell into recipient cell 

b) is mediated by the temperate bacteriophages 

c) involves uptake of fragments of free DNA by competent cells 
d) depends on the presence of a conjugative plasmid in the donor cell 

e) requires viable donor cells 

7. Conjugation as the mechanism for gene transfer 
a) accomplishes different ways of transfer for genes from donor cell to recipient cell 

b) is mediated by temperate bacteriophages 

c) involves uptake of fragments of free DNA by competent cells 

d) depends on the presence of a conjugative plasmid 
e)requires inactivated donor cells   
8. Transduction as the mechanism of gene transfer 
a) involves uptake of fragments of free DNA by competent cells 

b) is mediated by bacteriophages 
c) accomplishes only one-way transfer of RNA from donor cell to recipient cell 

d) depends on the presence of a conjugative plasmid 

e) depends on the presence of a non-conjugative plasmid 

9. Bacteriophages 
a) are prokaryotic organisms; 

b) are naked viruses infecting bacteria 
c) are enveloped viruses infecting bacteria 

d) have lipopolysaccharide membrane; 

e) genome contains two types of nucleic acid simultaneously 

10. Choose the doubling time for Mycobacterium tuberculosis: 
a) 14-16 seconds 

b) 14-16 minutes 

c) 14-16 hours 
d) 14-16 days 

e) 14-16 days 

11. Pure culture of bacteria is represented by: 
a) the cells of one and the same genus 

b) the cells derived from different sources 

c) the cells of one and the same species 

d) genetically different organisms 

e) cells of different species 

12. Facultative anaerobes are bacteria 
a) which can produce energy only by fermentation 

b) which carry out only respiration 

c) which die in the presence of oxygen 

d) in which the final electron acceptor is molecular oxygen 

e) which can proliferate regardless of presence of oxygen 

13. Obligate aerobes are bacteria 
a) which can produce energy from glucose by fermentation 

b) in which the final acceptor is organic substance 

c) which require the presence of molecular oxygen for growth 

d) in which the final electron acceptor is nitrogen 

e) which can proliferate regardless of presence of oxygen 

14. Which of the following is not the characteristic of a growth curve?

a) Shows development of microbial population under relatively stable environmental conditions

b) Plotted with logarithmic numbers 

c) Graphs numbers of microbes versus time

d) Each growth curve consists of four distinct phases

15. Generation time of Escherichia coli is

a) 20 minutes 
b) 20 hours

c) 20 days

d) 200 hours 

16. The organism which obtain their energy from chemicals are designated as

a) Prototrophs 

b) chemotrophs

c) organotrophs 

d) autotrophs
17. Nutrient content and biological structures are considered as
a) implicit factor for microbial growth

b) intrinsic factor for microbial growth

c) processing factor 

d) none of the above

18. The organism which grows best above 45°C are called

a) Psychrophilic

b) mesosphilic

c) thermophilic

d) any of these

19. Lag phase is also known as

a) period of initial adjustment

b) transitional period 

c) generation time

d) none of these

20. A microbe, which grows at temperatures above 95° C is most likely to be

a) an archaean

b) a fungus

c) a  protozoa
d) none of these

21. Bacteriophages 
a) are prokaryotic organisms; 

b) are naked viruses infecting bacteria 

c) are enveloped viruses infecting bacteria 

d) have lipopolysaccharide membrane; 

e) genome contains two types of nucleic acid simultaneously 

22. The enzyme that catalyzes the synthesis of DNA is called
a) DNA polymerase

b) DNA gyrase

c) DNA ligase

d) Helicase

23. The flow of genetic material in microbial cells usually takes place from

a) RNA through DNA to proteins

b) proteins through RNA to DNA
c) DNA through RNA to proteins
d) none of these
24. The chromosome of almost all bacteria is in the shape of
a) an open circle
b) helix
c) a closed circle
d) a linear chromosome
25. The function of ribosomes within the cell is
a) to produce ATP
b) to ferment carbohydrates
c) to synthesize proteins
d) all of these
26. Genetic variations are
a) Temporary

b) influenced by the environment

c) stable

d) not heritable

27. The mutation which will not affect the length of a protein is
a) nonsense mutation
b) missense mutation
c) frameshift mutation
d) all of these
28. Changes in which of the following characterizes mutations?
a) Phenotype
b) Genotype
c) Both (a) and (b)
d) None of these
29. Polymerase chain reaction basically consists of
a) two steps
b) three steps
c) four steps 
d) five steps
30. The original enzyme(s) used in PCR reaction is/are known as
a) E. coli DNA polymerase
b) E. coli RNA polymerase
c) Taq polymerase
d) all of these
31. The cloning step in PCR/sequencing analysis of microbial communities is necessary for
a) the  amplification  process

b) preventing contamination by outside DNA

c) separating the different rRNA gene sequences in the mixture
d) none of these
32. The physical nature of genomes is studied under
a) structural genomics
b) comparative genomics
c) proteo genomics
d) functional genomics
33. The plasmid-mediated properties is/are
a) fermentation of lactose
b) production of enterotoxin
c) resistance to antibiotics
d) all of these
34. What is the term used for a segment of DNA with one or more genes in the centre and the two ends carrying inverted repeat sequences of nucleotides?
a) Plasmid
b) Transposon
c) Insertion sequence
d) None of these
35. In lysogeny,
a) a bacteriophage transfers bacterial DNA
b) bacteria take up double stranded DNA from the environment
c) DNA-degrading enzymes in the extracellular medium would stop the process
d) a bacteriophage genome is integrated into the bacterial genome
36. Which of the following transport bacterial DNA to other bacteria via bacteriophages?
a) Conjugation

b) Transduction

c) Transformation

d) Translation

37. The term used for acquisition of naked DNA from its environment and its incorporation in their genome by a bacterium is
a) transformation

b) lysogenic conversion

c) conjugation

d) transduction

38. Penicillin resistance in staphylococci is acquired due to

a) conjugation
b) mutation
c) transformation
d) transduction
39. The plasmid which makes the host more pathogenic is
a) F factors
b) Metabolic plasmid
c) Virulence plasmid
d) None of these
40. The correct term for the transfer of genetic material between bacteria in direct physical contact is
a) Conjugation

b) transformation

c) replication

d) transduction

41. Which of the following is used by microbial genetisists as a tool?
a) Bacteriophage
b) Plasmids
c) Transposable elements
d) All of these
42. Which of the following term describes the relationship between a virus and host where no new viral particles are produced and the viral genome is replicated along with host chromosome?
a) Lysogeny

b) Lysis

c) Transformation

d) Conjugation
43. Which of the following genetic elements carry the genes required for integration into host chromosomes?
a) Replicon 

b) Plasmids

c) Transposons

d) Tandons

44. The cloning step in PCR/sequencing analysis of microbial communities is necessary for
a) the amplification process

b) preventing contamination by outside DNA

c) separating the different rRNA gene sequences in the mixture
d) none of these
45. Bacteriophages 
a) are prokaryotic organisms; 

b) are naked viruses infecting bacteria 

c) are enveloped viruses infecting bacteria 

d) have lipopolysaccharide membrane; 

e) genome contains two types of nucleic acid simultaneously 

46. The physical nature of genomes is studied under
a) structural genomics
b) comparative genomics
c) proteo genomics
d) functional genomics
47. Transformation as the mechanism for gene transfer 
a) accomplishes several types of transfer for genes from donor cell into recipient cell 

b) is mediated by the temperate bacteriophages 

c) involves uptake of fragments of free DNA by competent cells 

d) depends on the presence of a conjugative plasmid in the donor cell 

e) requires viable donor cells 

48. Genome of bacterial cell contains:

a) chromosome;
b) chromosome, plasmids;
c) chromosome, plasmids, transposons;
d) chromosome, plasmids, transposons, prophages.
49. Types of Respiration in bacteria:

a) obligate aerobes;
b) obligate aerobes, microaerophiles;

c) obligate aerobes, microaerophiles, obligate anaerobes;

d) obligate aerobes, microaerophiles, obligate anaerobes, facultative anaerobes (facultative aerobes), aerotolerant anaerobes

50. The basic kinds of genetic variation in bacteria:

a) mutation;
b) mutation, recombination;
c) mutation, recombination, lysogenic conversion;
d) mutation, recombination, lysogenic conversion, insertion.
TOPIC 3.  ECOLOGY OF MICROORGANISMS
1. Probiotics are biopreparations for the correction of microflora which consist of: 
a) live indigenous microorganisms 
b) complex of live indigenous microorganisms with non-metabolizable substrates 

c) toxoids 

d) non-metabolizable non-absorbable substrates that are useful for growth of indigenous microbial flora 

e) bacteriophages 

2. Which method of sterilization is used for serums? 
a) ultraviolet radiation 

b) chemical exposition 

c) filtration 
d) hot air oven 

e) X-ray 

3. Choose the antibiotic which influence on the cell wall synthesis by inhibiting cross-linkage of peptidoglycan layers: 
a) ampicillin 
b) erythromycin 

c) gentamicin 

d) rifampin 

e) polymyxin 

4. Name the bacterium, which is used in probiotic preparations 
a) Lactobacillus 
b) Clostridium 

c) Staphylococcus 

d) Borrelia 

e) Mycoplasma 

5. Name the bacterium, which is used in probiotic preparations 
a) Bifidobacterium 
b) Klebsiella 

c) Staphylococcus 

d) Leptospira 

e) Chlamydia 

6. Which method is used for recommendation of rational treatment of infectious diseases? 
a) ELISA 

b) Disc diffusion test 
c) Biochemical activity of microorganism 

d) Production of pigment by microorganism 

e) Radioimmunoassay 

7. Beta-lactamase activity is ensured by enzyme: 
a) protease 

b) DNA-ase 

c) hyaluronidase 

d) penicillinase 
e) lecithinase 

8. Serums are sterilized by: 
a) Filtration 
b) Ultraviolet radiation 

c) Hot air oven 

d) Chemical sterilization 

e) Boiling 

9. Choose the antibiotic which inhibits cell wall synthesis 
a) lincomycin 

b) fluconasol 

c) nalidixic acid 

d) rifamycin 

e) carbenicillin 
10. Choose the antibiotic which inhibits cell wall synthesis 
a) clindamycin 

b) ciprofloxacin 

c) chloramphenicol 

d) vancomycin 
e) polymyxin E 

11. Choose the antibiotic which inhibits DNA synthesis 
a) clindamycin 

b) ciprofloxacin 
c) chloramphenicol 

d) vancomycin 

e) polymyxin B 

12. Choose the antibiotic which inhibits protein synthesis 
a) clindamycin 
b) ciprofloxacin 

c) cyclocerine 

d) vancomycin 

e) polymyxin E 

13. Choose the antibiotic which is ineffective against Mycoplasma: 
a) tetracycline 

b) penicillin G 
c) doxycycline 

d) azithromycin 

e) clarithromycin 

14. Choose the antibiotic which is used for treatment of mycoses: 
a) nafcillin 

b) cefoxitin 

c) clotrimazole 
d) erythromycin 

e) chloramphenicol 

15. Choose the drug which is ineffective in treatment of viral diseases 
a) penicillin G 
b) ribavirin 

c) acyclovir 

d) amantadine 

e) azidothymidine 

TOPIC 4.  INFECTIOUS  PROCESS   
1. Choose the group of infections which are transferred only between humans 
a) sapronoses 

b) zoonoses 

c) anthroponoses 
2. Choose the group of infections which are transferred to humans from the environment 
a) sapronoses 
b) zoonoses 

c) anthroponoses 

3. Choose the group of infections which are transferred to humans from animals 
a) sapronoses 

b) zoonoses 
c) anthroponoses  
 4. Choose the method of rapid diagnosis for infectious diseases: 
a) skin test  

b) inoculation into animals 

c) immunofluorescent method 
d) bacteriological method 

e) paired serums 

5. Choose the most rapid test of diagnosis among enumerated serological reactions 
a) Immunobloting 

b) ELISA 

c) Ouchterloni test 

d) Latex-agglutination 
e) Radioimmunoassay
6. Which serological reaction is used for measurement of activity of serums, which are applied in treatment of infections? 
a) ELISA 

b) Flocculation reaction 
c) Latex-agglutination 

d) Immunobloting 

e) Slide agglutinations 

7. Choose the microorganism which lacks endotoxin: 
a) Escherichia coli 

b) Salmonella enteritidis 

c) Neisseria meningitidis 

d) Streptococcus pyogenes 
e) Pseudomonas aeruginosa 

8. Choose the microorganism which lacks O-antigen: 
a) Klebsiella pneumoniae 

b) Streptococcus pneumoniae 
c) Pseudomonas aeruginosa 

d) Escherichia coli 

e) Salmonella enteritidis 

9. Choose the enzyme which has antiphagocytic activity in virulent bacteria: 
a) coagulase 
b) lecithinase 

c) hyaluronidase 

d) collagenase 

e) DNA-ase 

10. Choose the method which is useful for retrospective diagnosis of infection after complete recovery of patient 
a) Bacteriological method 

b) Biological method 

c) PCR 

d) Serological method 
e) Microscopy 

CORRECT ANSWERS
ТОPIC 1.  History of microbiology. Morphology of microorganisms .

1-b,2-b, 3-b, 4-a, 5-b, 6-c,7-b, 8-c, 9-a, 10-a, 11-d, 12-a, 13-d, 14-b, 15-c, 16-d, 17-c, 18-a, 19-c, 20-e,21-e, 22-d, 23-c, 24-b, 25-a, 26-b, 27- d.
ТОPIC 2. Physiology of microorganisms
1-c, 2-e, 3-c, 4-a, 5-a, 6-c, 7-d, 8-b, 9-b, 10-c, 11-c, 12-e, 13-c, 14-d, 15-a, 16-b, 17-d, 18-c, 19-a, 20-a, 21-c, 22a, 23-c, 24-c, 25-c, 26-d, 27-b, 28-d, 29-a, 30-a, 31-b, 32-c, 33-c, 34-d, 35-b, 36-a, 37-a, 38-c, 39-a, 40-d, 41-a, 42-c, 43-a, 44-c, 45-b, 46-c, 47-d, 48-d, 49-d, 50-c.
TOPIC 3.  Ecology of microorganisms
1-a, 2-c, 3-a, 4-a, 5-a, 6-b, 7-d, 8-a, 9-e, 10-d, 11-b, 12-a, 13-b, 14-c, 15-a.
TOPIC 4.  Infectious  process 
1-c, 2-a, 3-b, 4-c, 5-d, 6-b, 7-d, 8-b, 9-a, 10-d

RECOMMENDED TEXTBOOKS

1. Prof. C.P. Baveja. Textbook of Microbiology.  
2. Lansing M. Prescott. Microbiology. 5th edition. 
3. Practical Handbook of Microbiology.  2nd edition. Edited by Emanuel Goldman, Lorrence H. Green.
4. Basic laboratory procedures in clinical bacteriology / J. Vandepitte . . . [et al.]. 2nd edition.

Supplement 1.

ATTENTION, PLEASE!

You will get signature of your teacher in your student's record-book only after complete performance of the following duties:

1. All your home works and Lab protocols should be checked and signed by your teacher.

2. You should perform all tasks of all module lessons (to pass tests, to show microscopical technique, to answer macropreparation, to answer individual task).

3. You should show protocols (your notes) of all lectures to your teacher and he (she) have to sign them.

4. You should write and hand in essays of skipped lectures to the lecture deliverer. If you have  skipped lecture you should write essay complying with the following requirements:
1. An essay must contain basic points of missing lecture or class. 

2. It must include contents on the 2nd page.

3. It must contain conclusion in the end.

4. You should write the essay with your own hand by pen or pencil, not print, not copy.

5. Volume of essay must be 5-10 pages except for title page and contents. 

6. You may use textbooks, monographs and articles for essay.

7. You may draw schemes or figures.

8. Last page should contain list of used literature.

9. All pages must be enumerated except for title page.

10.  All pages must be stapled.

11.  The essay must be inserted in transparent file.

12.  You should hand in your essays to lecturer until the end of the term.
13. If you get bad mark for your essay you should redesign it and hand in improved variance.

In case of lecture skipped due to disease or trauma show to the lecturer a sick note or document (справка) signed by doctor.

If you do not hand in essays or get bad marks for them you will not be admitted to exam.
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PHYSICAL METHODS OF STERILIZATION:
Sunlight: The microbicidal activity of sunlight is mainly due to the presence of ultra violet rays in it. It is responsible
for spontaneous sterilization in natural conditions. In tropical countries, the sunlight is more effective in kiling germs
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EXAMPLE OF ESSAY TITLE PAGE

Orenburg State Medical University

Department of Microbiology, Virology, Immunology
Essay

«Physiology of microorganisms»
  Written by …..(name of student, Group)
Supplement 2.
Topics for essay
History of Microbiology Main stages of Microbiology development  


1. The birth of Microbiology. A. Van Leeuwenhoek.
2. Hippocrates and his contribution to development of Microbiology.
3. J. Fracastoro and his contribution to development of the science. 
4. Ibn Sina (Avicenna) and his contribution to development of the science. 
5. Pasteur period in the development of Microbiology. The value of the works of L. Pasteur and his scientific school in the development of Microbiology.
6. The contributions of R. Koch and his scientific school in the development of General and medical Microbiology. 
7. The controversy of P. Erlich and I. I. Mechnikov 
8. The discovery of causative agents of infectious human diseases. The history of  development of chemotherapy (P. Erlich, A. Fleming, Z. Waxman, etc.).
9. Virology. D. I. Ivanovsky - founder of Virology. The establishment of Virology as an independent science.
10. The discovery of viruses affecting animals, humans, bacteria (bacteriophages) and cause tumors in animals (oncogenic viruses).
11. The history of discovery of antibiotics.
12. Nobel laureates in Microbiology. 
13. Microbiology in XX - XXI century. 
14. The institutions in Europe engaged in Microbiology and Virology. 
15. The institutions of the New world, dealing with Microbiology and Virology.
16. Institutions of India dealing with the Microbiology and Virology.

17. Antibiotics Exporters, Suppliers & Manufacturers in India.
Morphology and ultrastructure of bacteria. Structure of bacterial cell.

Bacteria, their basic morphological shapes, sizes, location 

1. Nucleoid of bacteria: functions and methods of its detection.
2. Cytoplasm. Ribosomes: the size, structure, functions. Cytoplasmic inclusions, their chemical nature; grain volutin, value, coloring techniques. The structure of the cytoplasmic membrane its role in vital activity of bacteria.
3. Cell wall structure in gram-positive and gram-negative bacteria, functions. The protoplasts, spheroplasts and L-form of bacteria, their properties. Capsule, conditions of formation, chemical nature, significance, methods of detection.
4. Flagella: types of location, ultrastructure, value, identification. Pili (fimbria), unit, structure, value. 
5. Spores (endospores), their location, structure, resistance of spores to environmental factors, conditions of formation, purpose, methods of detection of spores.

Morphology and ultrastructure of major groups of prokaryotes and microscopic fungi

1. Actinomycetes. Taxonomic position. The peculiar morphology of a pure culture Druse in the tissues, structure. Studing methods with light microscope. Role in infectious human pathology. 

2. Spirochetes. Taxonomic position. The biological properties. Ultrastructure (cytoplasmic cylinder, endoflagella, cell wall).

3. Morphological differences between spirochetes of the genera Borrelia, Treponema, Leptospira. Methods of studying of spirochetes in the live state. Staining techniques of spirochetes. 

4. Role of spirochetes of the genera Borrelia, Treponema in infectious human pathology. 

5. Rickettsia spp. Taxonomic position. The biological properties. The morphological types of Rickettsia. Staining techniques (methods of Zdrodowskiy, Romanovsky-Gimsa). Obligate intracellular parasitism. Methods of cultivation.

6. The role of Rickettsia in the infectious pathology of man. 

7. Chlamydia. Taxonomic position. Ultrastructure of elementary and reticular bodies. Methods of studying.

8. The role of chlamydia in infectious human pathology. 

9. Mycoplasma. Taxonomic position. Features of morphology (polymorphism), biological properties. Studing methods.

10. The role of mycoplasmas in infectious human pathology 

11. Microscopic fungi. Morphology. The main differences in organization of the cells of eukaryotes and prokaryotes.

12. Morphological features of fungi of the genera Mucor, Penicillium, Aspergillus
13. Morphological features of yeasts of the genus Candida. 

14. Role of microscopic fungi in infectious human pathology.

Physiology of microorganisms. Chemical composition. 

Environmental factors that affect microbial cells
1. The chemical composition of bacterial cells. The role of water, mineral salts, proteins, nucleic acids, lipids, carbohydrates in the vital activity of bacteria. 

2. The concept of metabolism. The subdivision of microbes by the type of food, the source of energy, carbon and electron donor. Ways of transport of dissolved nutrients in a bacterial cell. Constructive metabolism. Phases of microbial population development in liquid nutrient medium under standard conditions.

3. Principles of cultivation of microorganisms. Substances and conditions necessary for the growth and reproduction of the microbial population: the optimum composition of nutrients, temperature, concentration of hydrogen ions (pH), redox potential, absolute sterility. Growth factors, their chemical nature.

4. The cultivation of obligate anaerobes. Methods of creation of anoxic conditions. Modern equipment for the cultivation of obligate anaerobes. 

5. Features of cultivation of mycoplasmas and obligate intracellular parasites, such as Rickettsia and Chlamydia.

7. The enzymes of bacteria, their classification by mechanism of action, the nature of the substrates and the synthesis conditions. 

8. Methods of differentiation of bacteria according to their biochemical activity. Differential diagnostic test systems: API 20, Entero-test, etc.

9. Energetic metabolism of microorganisms. The main types of biological oxidation of substrate.

10. Fermentation. Types of fermentation: alcoholic, lactic acid, muravlensky, butyric acid, propionic acid.

11. Features of organization of the respiratory chain of aerobic, facultative anaerobes and obligate anaerobes.

Bacteriophages

1. The history of discovery of  bacteriophages. 

2. The nature and properties of phages. Features of chemical composition. Basic morphological groups of phages.

3. Method of evaluation of bacteriophage titer on Grazia. 

4. The practical application of bacteriophages for diagnosties as epidemiological markers. Definition of phagotype.

 5. The use of bacteriophages in the prevention and therapy of infectious diseases. 

Genetics of bacteria

1. Bacterial chromosome, structure, size, functions. 

2. Extrachromosomal factors of heredity. Plasmids, their nature and properties. Types of plasmids, their role in determination of pathogenic propeties and drug resistance of bacteria. 

3. Extrachromosomal factors of heredity. The transposons. Temperate and defective phages, their nature, functions, importance for bacterial cells.

4. The bases of genetic engineering. The goals and objectives. Stages of genetic engineering technologies: method of production of recombinant DNA.

5. Restrictase, ligase, polymerase and their use to create vectors (plasmids, DNA of phages, viruses, cosmid). The introduction of recombinant DNA into the cell; expression and secretion. 

6. The products obtained by genetic engineering methods (vaccines, antigens, diagnostics, hormones, interferons, immunomodulators, etc.), their practical use.

7. Molecular-genetic research methods. Molecular hybridization method (molecular probes).

8. Polymerase chain reaction (PCR). Mechanism, stages, practical application.

Microecology of the human body

1. The microflora of the human body. Microflora of separate ecological niches: skin, oral cavity, pharynx, respiratory tract, vagina, gastrointestinal tract.

2. Microflora of the large intestine as a major reservoir of microbial flora of macroorganism, composition, and short description. 

3. Role of normal microflora for the human body: detoxification, immune, metabolic, regulatory, anti-infective. Role as source of endogenous infections. 

4. Dynamics of formation of intestinal microflora in newborns and infants. 

5. The influence of some factors (the mechanism of delivery (natural or caesarean), the composition of the microflora of patrimonial ways of mother, breast or artificial feeding) on the dynamics of colonization of the organism and the composition of the microflora of the child of first year. 

7. Gnotobiology as a science. Definition. Application gnotobiological methods in Microbiology for the selection of individual schemes of antimicrobial therapy. Gnotobiological technology in the clinic.

The doctrine of infection

1. The main factors of pathogenicity, adhesion and colonisation, invasion, toxic products. 

2. Exotoxins @ endotoxins, their differences.

3. The endotoxins of bacteria, chemical composition and properties. 

4. Genetic bases of pathogenicity of bacteria. Methods of attenuation of bacterial virulence. The practical application of obtained attenuated strains of bacteria.
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