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Introduction

The Subject and Problems of Microbiology.
Microbiology (Gk. mikros small, bios life, logos science) is the science of minute organisms, invisible to the naked eye, named microbes. It is the study of the laws of the life and development of micro-organisms, and also of the changes which they bring about in animal and plant organisms and in non-living matter. 

Modern medical microbiology has become an extensive science. It is subdivided into bacteriology — the science of bacteria, the causative agents of a number of infectious diseases; virology — the science of viruses, non-cellular living systems capable of causing infectious diseases in man; immunology — the science which is concerned with the mechanisms of body protection against pathogenic micro-organisms J and foreign cells and substances; mycology — the study of fungi pathogenie for man, and protozoology which deals with pathogenic, unicellular animal organisms. In addition, medical microbiology includes the study of the mechanisms of infection and the methods of specific therapy and prophylaxis of infectious diseases.
Theme 1. Microbiological laboratory. Safety regulations at work with gas and microorganisms.
Rules of work in a laboratory:

1. Don't be indoors without your special practical clothes (a gown and kb-cap).

2. Don't bring foreign things in a laboratory.

3. Don't leave a laboratory in your special wear.

4. Don't smoke, eat or keep food substances in a laboratory.

5. It is necessary to be carefull while unpacking infectious material: jars, test-tubes      should be rubbed dry and put on a tray.

6. If any utensils (jars, test-tubes) containing infectious material break, carry out the procedure for disinfection immediately.

7. Infectious material and needless cultures of bacteria are liable to destruction. Disinfect the instruments used during practice and the table surface after the practicals are completed.

8. After the practicals sponge your hands with soap.

9. Infectious material and cultures of bacteria are put into a safe or a refrigerator after the practicals are completed.

Disinfection and sterilization of materials.
Disinfection means the destruction of all pathogenic organisms or organisms causing infection by using antiseptics. Antiseptics are chemical disinfectants which can be safely applied to skin or mucous membrane surfaces and are used to prevent infection by inhibiting the growth of bacteria. Pathological materials (excrement, urine, phlegm, spinal fluid and blood) are disinfected with 5% Phenol or 3% Lysol before they elimination in sewage system.
Pipettes, glass spatulas and metallic instruments, contaminated by pathological material or cultures of microorganisms, are soaked into jars with disinfectant solutions (3% solution of chloramine).
Object-plates or cover-glasses are disinfected with 3% solution of chloramine because viable microorganisms can preserve in fixed and stained smears, which will be the source of infection.
Laboratory utensils (dishes, test-tubes and bottles) are undergone preliminary disinfection before usage (they are soaked in 3% solution of chloramine for 2-24 hours).
Your hands are disinfected after your work with disinfectious materials. NB! Rub your hands with wool or serviettes soaked in 0.5-1% solution of chloramine, after this wash your hands with warm water and soap.
Theme 2. Classification and Morphology of Microorganisms.
Microorganisms constitute a very antique group of living organisms which appeared on the Earth's surface almost 3000 million years ago. The questions arising from the study of the origin and evolution of micro-organisms are extremely complex. Some scientists assumed that microbes were the first living organisms of the Earth. Others maintained that non-cellular forms of living matter (archebionts, photobionts, protobionts, etc.) appeared prior to the microbes. It is now generally believed that organisms evolved along the following lines: viruses containing RNA, viruses containing DNA, mycoplasmas, chlamydias, rickettsiae, bacteria, blue-green algae, lower and higher fungi, plants, and animals.

Medical microbiology is mainly concerned with the study of pathogenic bacteria, actinomycetes, spirochaetes, rickettsiae, viruses, fungi, and common protozoa all grouped under the name of microbes or micro-organisms.

The great majority of microbes are invisible to the naked eye. They comprise multicellular organisms (the blue-green algae, some fungi and chlamydobacteria, possibly some corynebacteria, mycobacteria, cocci), unicellular organisms (bacteria, actinomycetes, spirochaetes, and protozoa), and non-cellular organisms (viruses).

The great Swedish naturalist C. Linnaeus, who had never used a microscope, was unable to identify the numerous and diverse forms in the minute world of micro-organisms, and classified all the microbes into one genus which he originally named Chaos.

The first attempts to classify micro-organisms were based solely on morphological properties. The Danish naturalist O. Muller (1786) subdivided the bacteria into two genera, Monas and Vibrio.

In 1923 D. Bergey published the first manual of international determinative bacteriology. Later editions (1938-1974) were prepared by the international committee for the systematization of bacteria and were called Bergey's Manual of Determinative Bacteriology.

In the identification of an unknown species, of great importance will be a constant criterion based on the ratio of paired nitrogenous bases in the DNA of bacteria.  

The guanine and cytosine (G + C) content in DNA is now determined in moles/per cent.

In microbiology the binominal system of nomenclature is accepted where each species has a generic and a specific name. The generic name is written with a capital letter, and the specific name — with a small letter. For example, the golden pus coccus is called Staphylococcus aureus; the anthrax bacillus, Bacillus anthracis; the diphtheria bacillus, Corynebacterium diphtheriae; the tubercle bacillus, Mycobacterium tubercu losis; the tetanus bacillus, Clostridium tetani, etc. 

If deviations from the typical species properties are found on examination of the isolated bacteria, then culture is considered a subspecies. Infrasubspecies subdivisions are also distinguished which are not arranged in the order of the classification ranks but are based on the difference between the organisms in some slight hereditary properties: antigenic — serovar (syn. serdtype), morphological — morphovar, chemical — chemovar, biochemical or physiological — biovar, pathogenicity — pathovar, relation to phages — phagoyar. Introduction of the suffix 'var' instead of 'type' makes it possible to avoid misunderstandings because the term type is used as a nomenclature form of the Eucaryotae kingdom.

The term strain designates a microbial culture obtained from the bodies of humans or animals and from the environment.

A mixed culture consists of more than one species of micro-organism isolated from a natural medium (non-sterile body cavities, body tissues, food products, water, air, soil, washings). Pure cultures represent a single species of a particuiar micro-oreanism.

Following the rapid development of microbial genetics and selection the concept of population has been introduced; this is an elementary evolutional unit (structure) of a definite species with no noticeable isolation barriers within them between which free crossing occurs. The term clone was applied in microbiology to designate a group of individuals arising from one cell.

Classification of Bacteria.
The classification of bacteria presented in Bergey's Manual of Determinative Bacteriology (eighth edition, 1974) is accepted in medical microbiology. It is the result of the joint work of 131 authors from 15 countries.

The highest taxonomic category is the kingdom Procaryotae which is subdivided into two divisions:

Division I. The Cyanobacteria

Division II. The Bacteria

Of significance in medical microbiology is Division II consisting of the following 19 Parts in which all known pathogenic and non-pathogenic bacteria are described.

Part 1. Phototrophic Bacteria (Families Rhodospirillaceae, Chromatiaceae, and Chlorobiaceae).

Part 2. The gliding bacteria (Families Myxococcaceae, Archangiacceae, Cystobacteriaceae, Polyangiaceae, Cytophagaceae, Beggiatoaceae, Simonsiellaceae, Leucotrichaceae, Achromatiaceae, Pelonemataceae).

Part 3. The sheathed bacteria.

Part 4. Budding and/or appendaged bacteria.

Part 5. The spirochetes (Family Spirochaetaceae).

Part 6. Spiral and curved bacteria (Family Spirillaceae).

Part 7. Gram-negative aerobic rods and cocci (Families Pseudomonadaceae, Azotobacteriaceae, Rhizobiaceae, Methylomonadaceae, j Halobacteriaceae). 

Part 8. Gram-negative facultatively anaerobic rods (Families Enterobacteriaceae, Vibrionaceae). 

Part 9. Gram-negative anaerobic bacteria (Family Bacteroidaceae). 

Part 10. Gram-negative cocci and coccobacilli (Family Neisseriaceae).

Part. 11. Gram-negative anaerobic cocci (Family Veillonelloaceae).

Part 12. Gram-negative chemolithotrophic bacteria (a. Organisms oxidizing ammonia or nitrite, Family Nitrobacteriaceae. b. Organisms metabolizing sulphur, c. Organisms depositing iron or manganese oxides, Family Siderocapsaceae).

Part 13. Methane-producing bacteria (Family Methanobacteriaceae).

Part 14. Gram-positive cocci (a. Aerobic and/or facultatively anaerobic Families Micrococcaceae, Streptococcaceae. b. Anaerobic),

Part 15. Endospore-forming rods and cocci (Family Bacillaceae).

Part 16. Gram-positive, asporogenous rod-shaped bacteria (Family Lactobacillaceae).

Part 17. Actinomycetes and related organisms (Coryneform group of bacteria. Families Propionibacteriaceae, Actinomycetaceae, Mycobacteriaceae, Frankiaceae, Actinoplanaceae, Dermatophilaceae, Nocardia-ceae, Streptomycetaceae, Micromonosporaceae).

Part 18. The Rickettsiae (Families Rickettsiaceae, Bartonellaceae, Anaplasmataceae, Chlamydiaceae).

Part 19. The Mycoplasmas (Class I. Mollicutes. Family Mycoplasmataceae).

In the introduction to the eighth edition of the Manual it is stated that 'the future will have to bring a regrouping of higher taxa to express a more coordinate view', and the following possible arrangement is suggested.

Kingdom Procaryotae

Division I: Phototrophic procaryotes ('Photobacteria')

Class I: Blue-green photobacteria

Class II: Red photobacteria

Class III: Green photobacteria — Present Part I 

Division II: Procaryotes indifferent to light ('Scotobacteria')

Class I: The bacteria-Present Parts 2 to 17

Class II: Obligate intracellular Scotobacteria in eucaryotic cells — Rickettsiae — Present Part 18

Class III: Scotobacteria without cell walls — Mollicutes — Present Part 19.

Classification of Viruses.
The viruses are grouped in an independent kingdom. They contain only one type of nucleic acid, either DNA or RNA, and are incapable of growth and binary fission. Viruses do not have ribosomes and do not possess the protein-synthesizing ability. They are absolute intracellular parasites.

The lowest structural unit is called the virion, the terminal and the most stable developmental form of the virus. The nucleocapsid contains viral nucleic acid and the protein membrane.

The classification of viruses is based on the following properties: type of nucleic acid, the number of strands in it, molecular weight of the nucleic acid, its content (percentage) in the virion, type of nucleocapsid symmetry, number of capsomeres in the capsids, the presence of a second (supercapsid) membrane, the peculiarities of nucleic acid replication, chare of the virion, the host in which the virus is parasitic, and other data.
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Family
	Genus
	Type species
	Other representatives of the genus

	DNA-containing viruses

	Poxviridae
	Orthopoxvirus
	Vaccinia virus
	Smallpox virus, etc.

	Adenoviridae
	Mammaliadeno-
	Human ade-
	Adenoviruses of human 

	
	virus
	noviruses
	beings and mammals

	Papovaviridae
	Papilloma virus
	Shope papillo-
	Human wart viruses, etc.

	
	
	ma virus
	

	Unassigned to
	Herpesvirus
	Virus of type
	Human herpes viruses, cyto-

	families
	
	I human her-
	megaloviruses of vertebra-

	
	
	pes simplex
	tes, etc.

	RNA-coniaining viruses

	Orthomyxovir
dae
	Influenza
	Influenza
	Influenza A viruses of

	
	
	
	

	
	A virus
	viruses
	human beings and animals,

	
	Influenza
	А, В, С
	human influenza В virus

	
	B virus
	
	

	
	Influenza
	
	

	
	С virus
	
	

	Paramyxoviri-
	Paramyxovirus
	Newcastle
	Human paratyphus, parain-

	dae
	
	disease vi-
	fluenza 1, 2, 3, 4 viruses,

	
	Morbilli virus Metamyxovirus
	rus Measles virus Respiratory
	etc. 

Cattle plague virus, etc.

	
	
	syncytial virus
	

	Retraviridae
	Oncornavirus В
	Mouse mam-
	

	
	
	mary tu-
	

	
	
	mour virus
	

	
	Oncornavirus С
	Rous' sarco-
	Avian, mouse, rat, cat. ham-

	
	
	ma virus
	ster, monkey leucosis vi-

	
	
	
	ruses

	
	Oncornavirus D
	Not determin-
	Oncornaviruses of primates,

	
	
	ed
	guinea pig

	
	Lentivirus E
	Visna virus
	Slow viruses

	
	Spumavirus F
	Monkey foam-
	Cat, human, cow foam-

	
	
	ing virus
	ing viruses

	Togaviridae
	Alphavirus
	Sindbis virus
	Antigenic group A arboviru-

	
	
	
	ses.

	
	Flavivirus
	
	Antigenic group В arboviru-

	
	
	
	ses (viruses of tick-borne

	
	
	
	encephalitis, Japanese en-

	
	
	
	cephalitis, dengue 1-4 sero-

	
	Rubivirus
	Rubella virus
	types

	Coronaviridae
	—
	—
	Human coronivirus

	Reoviridae
	Reovirus
	Human type I
	Reovirus of human beings

	
	
	reovirus
	and vertebrates

	
	Orbivirus
	Orbivirus 0-1
	Kemerovo orbivirus

	Picornaviridae
	Enterovirus
	Human po-
	Human polioviruses 1-3, Co-

	
	
	liovirus 1
	xsackie virus A-1-24.

	
	
	
	Coxsackie viruses В 1-6, hu-

	
	
	
	man echoviruses 1-34, hu-

	
	
	
	man enteroviruses 68-71

	
	Rhinovirus
	Human rhino-
viruses Al
	Human rhinoviruses 1-113,

	
	
	
	foot-and-mouth disease vi-

	
	
	
	ruses' (sero-types A, O,

	
	
	
	ATI, AT2, AT3, Asia 1,

	
	
	
	Lassa virus, etc.)

	Unassigned to
	Arenovirus
	Lymphocytic
	

	family
	
	choriomen-
	

	
	
	ingitis viruses
	

	Unassigned to
	Rhabdovirus
	Rhabdovirus
	Rabies virus, etc.

	family
	
	b-1
	


Classification of Fungi (Mycetes).
The phylum fungi numbers 100000 species and is subdivided into more than 20 classes. Among them Ascomycetes, Basidiomycetes and Deuteromycetes are most important in medicine.

Ascomycetes. Genus Saccharomyces. Type species: Saccharomyces cerevisiae, Saccharomyces ellipsoideus.
Genus Blastomyces. Type species: Blastomyces dermatitidis.
Genus Torulopsis. Type species: Torulopsis muisa, Torulopsis otophyta.
Genus Cryptococcus. Type series: Cryptococcus neoformans.
Candida. Candida albicans, Candida tropicalis.
Order Plectascales. Family Aspergillaceae.

Genus Aspergillus. Pathogenic species: Aspergillus fumigatus, Aspergillus candidus, Aspergillus niger, Aspergillus flavus.
Genus Penicillium. Pathogenic species: Penicillium citrovorum, Penicillium linguae, Penicillium glaucum, Penicillium album. Penicillium notatum and Penicillium chrysogenum are used as penicillin producers.

Basidiomycetes. Some species of fungi are used as food (edible mushrooms), others cause plant diseases (smut affects grains, rusts are parasitic on sunflowers); some species are poisonous for human beings and cannot be eaten (false armillaris, crimson fly amanita, amanita panther, amanita phalloides, etc.).

Deuteromycetes, fungi imperfecti. Order Hyphomycetales. Family Conidiosporaceae.

Order Melanconiales. Family Mycodermaceae. Order Sphaeropsidales.
Genus Trichophyton. Pathogenic species: Trichophyton violaceum, Trichophyton schoenleini, Trichophyton mentagrophytes.
Genus Epidermophyton. Pathogenic species: Epidermophyton floccosum.

Genus Sporothrix. Pathogenic species: Sporothrix schenckii.
Theme 3. Morphology of Bacteria.
Bacteria (Gk. bakterion small staff) are, for the most part, unicellular organisms lacking chlorophyll. Their biological properties and predominant reproduction by binary fission relates them to prokaryotes.

The size of bacteria is measured in micrometres (mem) and varies from 0.1 mcm (Spiroplasma, Acholeplasma) to 16-18 mem (Spirillum volutans). Most pathogenic bacteria measure 0.2 to 10 mcm.

Morphologically, bacteria possess three main forms. They are either spherical (cocci), rod-shaped (bacteria, bacilli, and clostridia) or spiral-shaped (vibrios and spirilla). 

Cocci (Gk. kokkos berry). These forms of bacteria (Fig. 1) are spherical, ellipsoidal, bean-shaped, and lanceolate. Cocci are subdivided into six groups according to cell arrangement, cell division and biological properties.

1. Micrococci (Micrococcus). The cells are arranged singly or irregu larly. They are saprophytes, and live in water and in air (M. agilis, M. roseus, M. luteus, etc.).

2. Diplococci (Gk. diplos double) divide in one plane and remain attached in pairs. These include: meningococcus, causative agent of epidemic cerebrospinal meningitis, and gonococcus, causative agent of gonorrhoea and blennorrhoea.

3. Streptococci (Gk. streptos curved, kokkos berry) divide in one plane and are arranged in chains of different length. Some streptococci are pathogenic for humans and are responsible for various diseases.

4. Tetracocci (Gk. tetra four) divide in two planes at right angles to  one another and form groups of fours. They very rarely produce diseases in humans.

Sarcinae (L. sarcio to tie) divide in three planes at right angles to one another and resemble packets of 8, 16 or more cells. They are frequently found in the air. Virulent species have not been encountered.

Staphylococci (Gk. staphyle cluster of grapes) divide in several planes resulting in irregular bunches of cells, sometimes resembling clusters of grapes. Some species of staphylococci cause diseases in man and animals.

Rods. Rod-shaped or cylindrical forms (Fig. 2) are subdivided into bacteria, bacilli, and clostridia. Bacteria include those micro-organisms which, as a rule, do not produce spores (colibacillus, and organisms responsible for enteric fever, paratyphoids, dysentery, diphtheria, tuberculosis, etc.). Bacilli and clostridia include organisms the majority of which produce spores (hay bacillus, bacilli responsible for anthrax, tetanus, anaerobic infections, etc.).

Rod-shaped bacteria exhibit differences in form. Some are short (tularaemia bacillus), others are long (anthrax bacillus), the majority have blunted ends, and others have tapered ends (fusobacteria).
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Figure 1
Spherical forms of bacteria

1 - micrococci; 2 - diplococei; 3 - streptococci; 4 - tetracocci; 5 - sarcinae; 

6 - staphylococci

According to their arrangement, cylindrical forms can be subdivided into three groups: (1) diplobacteria and diplobacilli occurring in pairs (bacteria of pneumonia); (2) streptobacteria or streptobacilli occurring in chains of different length (causative agents of chancroid, anthrax); (3) bacteria and bacilli which are not arranged in a regular pattern (these comprise the majority of the rod-shaped forms).
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Figure 2
Rod-shaped bacteria
1-diplobacteria; 2-rods with rounded, sharpened and thickened ends; 

3 - different rod-shaped forms and streptobacteria
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Figure 3
Spiral-shaped bacteria
1 — vibriones; 2— spirilla
Some rod-shaped bacteria have pin-head thickenings at the ends (causative agents of diphtheria); others form lateral branchings (bacilli of tuberculosis and leprosy). This is explained by the fact that in rod-shaped bacteria the ratio of surface area to volume is higher. Thus, a larger surface area is in direct contact with nutrient substances in the surrounding medium.

Spiral-shaped bacteria. Vibriones and spirilla belong to this group of bacteria (Fig. 3).

1. Vibriones (L. vibrio to vibrate) are cells which resemble a comma in appearance. Typical representatives of this group are Vibrio comma, the causative agent of cholera, and aquatic vibriones which are widely dis​tributed in fresh water reservoirs.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

2. Spirilla (L. spira coil) are coiled forms of bacteria exhibiting twists with one or more turns. Only one pathogenic species is known (Spiril​lum minus} which is responsible for a disease in humans transmitted through the bite of rats and other rodents (rat-bite fever, sodoku).

Major Characteristics of Eukaryotes and Prokaryotes

	Characteristic
	Eukaryote
	Prokaryote

	Major groups
	Algae, fungi, protozoa, plants, animals
	Bacteria

	Size (approximate)
	> 5 µm
	0,5 to 3 µm

	Nuclear structures
	
	

	Nucleus
	Classic membrane
	No nuclear membrane

	Chromosomes
	Strands of DNA
	Single, circular DNA

	Ploidy
	Diploid genome
	Haploid genome

	Cytoplasmic structures
	
	

	Mitochondria
	Present 
	Absent

	Golgi bodies 
	Present 
	Absent 

	Endoplasmic reticulum
	Present 
	Absent 

	Ribosomes (sedimentation coefficient)
	80S (60S + 40S)
	70S (50S + 30S) 



	Cytoplasmic membrane
	Contains sterols
	Does not contain sterols

	Cell wall
	Is absent or composed of chitin
	Is complex structure containing protein, lipid and peptidoglican

	Reproduction
	Sexual and asexual
	Asexual (binary fission)

	Movement
	Complex flagellum, if present
	Simple flagellum, if present

	Respiration
	Via mitochondria
	Via cytoplasmic membrane


Bacteria (prokaryotes) differ essentially from plant and animal cells (eukaryotes).m structure. They consist of a nucleoid, cytoplasm (con​taining various inclusions), membrane, and other structures.
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Figure 4

Schematically representation of the structure of a bacterial cell

1- capsule; 2 - cell wall; 3 - cell septum; 4 - flagellum; 5 - cytoplasmic membrane; 6 -nucleoid; 7- plasmid;8 - ribosomes; 9 -inclusions; 10- spore

Despite its rather simple structure a bacterial cell represents a com​plex living organism (Fig. 4).

The ultrastructure of bacteria can be examined with the aid of electron microscopy and by microchemical methods which have been highly developed during the past few years, and are employed in identifying the structural and cellular constituents of the microorganism with a high degree of accuracy.

The nucleoid (nucleoplasm, karyoplasm) in prokaryotes is a ball of double twisted DNA threads; it has no membrane separating it from the cytoplasm and is not connected with the main protein of the bac​terial cell.

Since the nucleoid of bacteria differs in structure and function from the nuclei of fungi, Protozoa, and plant and animal cells, the term genophore has been introduced to designate it.

The nucleoid of bacteria is diffuse in character and is filled with DNA fibrils which are 300-500 nm in diameter and are arranged to form a closed loop. It is located in the central part of the cell Cytoplasm and comes in contact with the cytoplasmic membrane, mesosomes, and polysomes. In the ditterent stages of the development of the bacterial cell, the nucleoid DNA may occur in the form of threads, strands, a knotted or fine network or coarse clusters. The refraction index of the bacterial nucleoid in actively growing cells is the same as that of the cytoplasm. The genome substance to cytoplasm ratio varies between 1:2 and 1 :10.
The nucleoid may be detected by means of the Robinow and Fuelgen microchemical reaction, which is a test for DNA, due to which ribonucleic acid of cytoplasmic origin may be differentiated from deoxyribonucleic acid found in the nucleoid, as well as by means of electron microscopy of ultra thin sections. The cytoplasm of bacteria is a dispersed colloid mixture of water, proteins, carbohydrates, lipids, mineral compounds, and other substances. With ageing of the culture, the degree of dispersion of the cell cytoplasm changes and it acquires a honeycombed structure with the formation of vacuoles filled with cell sap.

The bacterial cytoplasm is immobile and is marked by high density. It contains small granules 1000-2000 nm in diameter which are ribonucleoproteins. They are called ribosomes and are the site of protein synthesis (see section on protein metabolism). The cytoplasm contains cytoplasmatic structures in the                                                                                                                                                                                                                                                                                                                                                                                                                                                    form of small DNA molecules (plasmids, episomes) which determine the synthesis of various substances. A group of 50 to 55 ribosomes form a polysome. The ribosomes and polysomes are attached to the mem​brane and fibrillar structures. Numerous inclusions are located in the cytoplasm comprising volutin granules, lipoprotein bodies, glycogen, amylose, accumulations of pigment, sulphur, calcium, etc. 

Volutin granules which contain metaphospate  stain more intensely than the cytoplasm. They possess high electron density. The volutin granules vary in size from several hundreds of 0.1 to 0.5 mcm.

A characteristic feature of the granules of volutin is their metachromatic stain. They are stained reddish-purple, with methylene blue while the cytoplasm is stained blue.

Volutin was first discovered in the cell of Spirillum volutans (from which it was named), then in Corynebacterium diphtheriae and other organisms. The presence of volutin is taken into account in laboratory diagnosis of diphtheria.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Lipoprotein bodies are found quite frequently as droplets of fat in certain bacilli and spirilla. They disappear when the cells are deprived of nutrients, and appear when bacteria are grown on nutrient media of a high carbohydrate content. They are discernible if stained with Sudan or fuchsin.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

    The presence of volutin granules and lipoprotein bodies is biologically important since they serve as sources of stored food for the bacterium in the case of starvation.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Glycogen and granulose are intracellular inclusions which can be identified by treating the cell with Lugol's solution. Glycogen stains reddish-brown and granulose grey-blue. Glycogen granules are prominent in aer​obic bacilli. Granulose is frequently found in butyric-acid bacteria, and I especially in Clostridium pectinovorum.

Some bacteria contain crystals of a protein nature which have proved to be extremely toxic for certain insect larvae.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

In the cytoplasm of sulphur bacteria (Beggiatoa) which oxidize hydrogen sulphide, sulphur is deposited in the form of droplets of a colloidal nature. Energy derived from the sulphur is utilized in reducing carbon dioxide.

Granules of amorphic calcium carbonate, the physiological function of which is not yet known, are found in the cytoplasm of some sulphur bacteria (Achromatium). 

The bacterial wall consists of a cytoplasmic membrane and a cell wall. In some species, the bacterial cells are surrounded by a capsule:
The cytoplasmic membrane lies immediately beneath the inner surface of the cell wall and varies from 0.5 to 0.75 mm in thickness. It is a complex highly organized and highly specialized structure composed of three layers: lipid, protein, and polysaccharide.
The cytoplas​mic membrane serves as a separating septum through which various substances and ions necessary for the vital activity of the cell are continuously transported. Highly sensitive receptors are located in the cell membranes, by means of which the cells recognize and convert signals arriving from the environment and differentiate nutrients and different antibacterial compounds. Active enzymatic systems are found on the surface of the cytoplasmic membrane which take part in the synthesis of protein, toxins, enzymes, nucleic acids, and other substances and in oxidative phosphorylation. On invagination into the cytoplasm, the cyto​plasmic membrane forms mesosomes (mitochondria analogues).
 The mesosomes play a definite role in the growth of the cell walls and in cell division. Bacterial cell pro​perties such as osmotic pressure are associated with the cytoplasmic membranes. The cell wall of bacteria is 1-3.5 mcm thick and has a layered structure. It is composed of three layers: outer (lipoprotein), middle
(lipopolysaccharide) and inner (rigid, containing mucopolymers) layer. The cell wall is characteristic of bacteria, actinomycetes, blue-green algae, and rickettsiae while the spirochaetes, myxobacteria, and mycpplasmas are devoid of it. Due to the presence of a thick multilayered wall bacteria retain a definite shape. The cell wall is permeable to salts.


The main polymer of the cell wall is mucopeptide which forms the rigid base of the membrane; the wall may be separated from the cyto​plasmic membrane and obtained in its pure form. The cell walls of some bacilli are dissolved by exposure to lysozyme and naked protoplasts are freed as the result. The cell wall protects the bacteria from harmful environmental factors and takes part in the growth and division of the cell. (lipopolysaccharide) and inner (rigid, containing mucopolymers) layer. The cell wall is characteristic of bacteria, actinomycetes, blue-green algae, and rickettsiae while the spirochaetes, myxobacteria, and
mycpplasmas are devoid of it. Due to the presence of a thick multilayered wall bacteria retain a definite shape. The cell wall is permeable to salts.


      The main polymer of the cell wall is mucopeptide which forms the rigid base of the membrane; the wall may be separated from the cyto​plasmic membrane and obtained in its pure form. The cell walls of some bacilli are dissolved by exposure to lysozyme and naked protoplasts are freed as the result. The cell wall protects the bacteria from harmful environmental factors and takes part in the growth and division of the cell.


        Bacterial protoplasts. Bacteria deprived of the cell wall are known as protoplasts. They are spherical in shape, are capable of cell division, growth, respiration, and sporulation and synthesize proteins, nucleic
acids and enzymes.


        If part of the cell wall is dissolved, due to the action of lysozyme or other factors, then the rod-shaped cells, predominantly Gram-negative, transform into spherical bodies called spheroplasts.

Protoplasts include the L-forms of bacteria which are peculiar varia​tions of micro-organisms. Morphologically, they resemble large spheri​cal-shaped and thread-like plasmatic structures. They have been named after the Lister Institute where they were first discovered in 1935.

     Тhe capsule. Under the influence of different environmental factors, some microbes can accumulate on their cell surface a thick slime layer surrounding the cell wall, known as a capsule. The capsular material consists of polysaccharides, glucoproteins or polypeptides and in some species - of proteins. It has a weak affinity to dyes and stains poorly. The production of a capsule by microbes is considered as adap​tation to environmental conditions. Pathogenic capsulated microbes are resistant to phagocytosis and to the effect of antibodies. A capsule is not a necessary part of the cell. 

In some bacterial species the capsular material is associated with their type specificity which can be determined by the polysaccharide complex of the capsule 
material is associated with their type specificity which can be determined by the polysaccharide complex of the capsule.

"There are some microbes which produce capsules only within the bodies of animals or humans (Streptococcus pneumoniae, anthrax bacillus, Clostridium perfringens). Other microbes produce capsules both within and without the body (bacteria of pneumonia, rhino-scleroma, and ozaena). Some bacteria (staphylococci, streptococci, blue-green algae, and others) form microcapsules demonstrated by electron microscopy as mucopolysaccharide microfibrils tightly attached to the cell wall.

      Flagella. Motile bacteria are subdivided into creeping and swimming bacteria. Creeping bacteria move slowly (creep) on a supporting surface as a result of wave-like contractions of their bodies, which cause period​ic alterations in the shape of the cell. These bacteria include Myxobacterium, Beggiatoa, Thiothrix. Swimming bacteria move freely in a liquid medium. They possess flagella, thin hair-like cytoplasmic appendages measuring 0.02 to 0.05 mcm in thickness and from 6 to 9 mcm in length. In some spirilla they reach a length of 80 to 90 mcm.
Investigations have confirmed that the flagella are made up of pro​teins the composition of which differs considerably from that of the bacterial cell proteins (keratin, myosin, fibrinogen). With the aid of paper chromatography, it has been discovered that the flagellate ma​terial contains several amino acids: lysine, aspartic and glutamic acids, alanine, etc. It has been suggested that the flagella are attached to basal granules which are found in the outlying zones of the cytoplasm.
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Figure 5

Bacterial flagella.
1 — monotrichates; 2— amphitrichates; 4 — peritrichates

The flagella can be observed by dark-field illumination, by special
methods involving treatment with mordants. According to a pattern in the attachment of flagella motile microbes can be divided into 4 groups (Fig. 5): (1) monotrichates, bacteria having a single flagellum at one pole of the cell (cholera vibrio, blue pus bacillus), (2) amphitrichates, bacteria with two polar flagella or with a tuft of flagella at both poles (Spirillum volutans), lophotrichates, bacteria with a tuft of flagella at one pole (blue-green milk bacillus, Alcaligenes faecalis), (4) peritrichates, bacteria having flagella distrib​uted over the whole surface of their bodies (colibacillum, salmonellae of enteric fever and paratyphoids A and B).

Various types of microbes have pili (cilia, filaments, fimbriae), struc​tures which are much shorter and thinner than the flagella. They cover the body of the cell and there may be 100 to 400 of them on one cell. Pili are 0.3-1.0 mcm long and 0.01 mcm wide. It is supposed that cilia are not related to the organs of locomotion and that they serve to attach the microbial cells to the surface of some substrates.

Of most interest are the F-pili within which where is a canal through which the genetic material from the donor to the recipient transferred during conjugation. It is possible that the pili contribute to the nutrition of bacteria since they greatly increase the surface area of the bacterial cell.

Spores and sporulation. Endospores are small spherical or oval bodies formed within the cell. A spore is formed at a certain stage in the de​velopment of some micro-organisms and this property was inherited in the process of evolution in the struggle for keeping the species intact. Some micro-organisms, principally rod-shaped (bacilli and clostridia), are capable of sporulation. These include the causative agents of anthrax, tetanus, anaerobic infections, botulism.

Sporulation occurs in the environment (in soil and on nutrient media), and is not observed in human or animal tissues. The sporulation process occurs in four successive stages: (1) preparatory stage; (2) forespore stage; (3) stage of cell wall formation; and (4) maturation stage.

Under certain conditions, particularly unfavourable ones, structural changes take place inside the bacillus cell. The process is characterized by a thickening of the cytoplasm in a certain region and the formation of a forespore, which becomes surrounded by a thick poorly permeable multilayered wall. The rest of the cell gradually disappears. Instead of a vegetative cell, a mature spore, one-tenth the size of the parental cell, is produced. Sporulation is completed within 18 to 20 hours.

Spores are characterized by their high refractive index. If observed unstained under a microscope, they appear as glistening granules which stain poorly. Because of the presence of a thick multilayered wall having a laminated structure, a minimal free water content, and a high calcium and lipid content, the spores are capable of resisting unfavourable environmental conditions for many years. The spores of certain bacilli are capable of withstanding boiling and high concentrations of disinfec​tants. They are killed in an autoclave exposed to saturated steam, at a temperature of 115-125°C, and also at a temperature of 150-170°C in a Pasteur hot-air oven.

When conditions become favourable, the spores germinate and trans​form again into vegetative cells. When germination occurs, the spores swell, enlarge in size, their water content increases, the rate of metabolic processes rises, and they stain easily with aniline dyes. From the wall at the pole, in the centre, or between the pole and the centre an outgrowth begins to protrude which transforms into a rod. Usually germination takes place more quickly than sporulation (within 4 to 5 hours).

The sporulation process in bacilli is not one of multiplication since most rod-shaped forms produce only one spore each.
In bacilli and clostridia, spores are located (1) centrally, in the centre of the cell (causative agent of anthrax); (2) terminally, at the ends of the rod (causative agent of tetanus); (3) subterminally, towards the ends (causative agents of botulism, anaerobic infections, etc.) (Fig.6). 
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Figure 6
Shapes and arrangement of spores in bacilli and clostridia

1 — central; 2— terminal; 3 — subterminal

Theme4. Basic Methods for Investigation of the Morphology of Micro-organisms.

Directions for use of immersion systems.
1. Work well seated.
2. Lift up the condenser to the level of an object table.
3. Light your held of view looking to the top surface of a condenser (or through an ocular):
4. Install an oil immersion lens (with a magnification of 90 diameters). Work very   carefully with an oil immersion lens. Be careful while immersing the lens into a drop of oil, because the frontal lens has a short focal distance and it can crush glass.
5. Place a preparation with a drop of immersion oil on an object table and fix it with clamps.
6. Lower a drawtube under the control of the eyes using the macro-    screw, till it contacts the lens, immerse the lens into the oil, but don't bring it to the close the glass surface.
7. Looking in an ocular, raise a drawtube up with the macro-screw until an image appears.
8. After that turn the micro-screw to receive the clear image of an object. Both eyes should be open, using the left hand move a preparation in such way for general review.
9.
After review, raise a drawtube up with the macro-screw. Remove a preparation, lower a con​ denser, install low magnification, wipe the oil from an oil immersion lens with a soft serviette, after this return a drawtube to it's initial position.
The shape, size, and structure of bacteria are studied with the aid of optical microscopes, the construction of which is described in physics textbooks and laboratory manuals. In ordinary modern microscopes employing the immersion system, the resolving power in visible light is within the range of 0.15 to 0.20 mcm, which limits the possibility of studying the more minute structural parts of the bacterial cells and of viruses.

The use of photography in ultraviolet light has increased the resolving power of the microscope, and it has permitted the study of minutesized micro-organisms and their structure. Especially good results have been obtained with microphotography.

For a more profound study of the fine structure of the bacterial cells and of viruses, microscopic investigations are carried out with the help of the electron microscope. The electron microscope has a greater resolving power, a greater focal length, and the penetrating power is of a low order. Since the thickness of the cell of most bacteria is smaller than the focal length of the electron microscope, it is impossible to reveal the positions of various structures without the use of additional methods. This defect has been overcome by using the shadow-casting method and stereoscopic microphotography. Thus the results obtained by using the light microscope are supplemented by electron microscopy, and conversely the light microscope can verify the results obtained by the electron microscope.

At the present time phase contrast microscopy is employed, which lessens the diffraction range and permits the investigation of the structural parts of the cell with a high degree of accuracy. By this method it is possible to obtain contrasting images of unstained living cells, which permits the study of bacteria in the process of growth and multiplication. For phase contrast microscopy the optical industry produces special devices for conventional microscopes.

In order to eliminate weakly contrasting images in phase contrast microscopy the anoptral method of microscopy is employed. The latter has the advantage of giving greater resolving power and focal length and improving the stereoscopic effect. The halo of light around the object under investigation is eliminated.

In some cases luminescent microscopy is employed. With the aid of this method not only can the structure of the cell be revealed, but its functional state can be determined, and one can distinguish between live and dead cells.

The size of the bacterial cells is determined by means of an ocular micrometer or by microphotography.

The flagella in live bacteria can be examined by dark-field microscopy under a strong source of illumination and a comparatively small magnification. For this purpose the micro-organisms are treated with electrolytes and colloidal substances (methylcellulose, gum arabic, gelatin) which aid in increasing the thickness of the flagella up to the visual range.

For studying the processes of growth, multiplication, and sporulation microfilming or series microphotography is employed.

Methods of investigation employing stained specimens are of great importance in microbiological practice. Basic, neutral, and acid organic dyes are used for this purpose. Little is known about the mechanism of staining although it has been revealed that the binding of the component parts of the cell with dyes involves physicochemical reactions. Some dyes differentially stain the component parts of the microbes. This is known as metachromasia, and it is observed when staining diphtheria bacilli and other micro-organisms. There are simple and differential staining techniques. In simple staining of bacteria a single dye (fuchsin, methylene blue, etc.) is used. In differential staining several dyes are employed. These include: Gram, Ziehl-Neelsen, Neisseria, and Romanowsky-Giemsa stains, etc.

The Gram stain known since 1884 has not lost its practical significance. All bacteria stained by the Gram method can be subdivided according to colour into Gram-positive and Gram-negative. Some bacteria occupy an intermediate position, and are known as Gram-variable organisms. Flame-fixed smears are stained first by gentian violet (crystal violet, methyl violet), and then treated with Lugol's iodine solution. As a result compounds are formed in the cytoplasm of the bacterial cell, which are retained by some bacterial species during decoloration with alcohol. The smears are washed with water and counterstained with an aqueous solution of fuchsin. Those bacteria which firmly retain the gentian violet colour, and which cannot be decolorized by alcohol, stain violet and are known as Gram-positive (staphylococci, and streptococci). Those bacteria which are decolorized by alcohol, and stain red are known as Gram-negative (gonococci, meningococci, brucella, colibacilli, salmonellae, cholera vibrio, causative agents of plague, tularaemia, etc.). When using the Gram stain, it is necessary to avoid thick smears, to wash the smears thoroughly with an organic solution (alcohol), and to take into account the age of the bacteria. Very young or old specimens of Gram-positive bacteria frequently stain Gram-negative. Under the influence of antibacterial preparations, Gram-positive microbes can become Gram-negative.

There is a certain relationship between Gram stain and certain bacterial properties. Gram-negative micro-organisms plasmolyse easier, they have a higher isoelectric point, and they are less sensitive to the action of halides, triphenylmethane dyes, and to the bactericidal substances in blood serum. The principle of the mechanism of the Gram stain involves physicochemical processes related to compounds containing phosphorus and nucleic acids. Gram-positive microbes have stronger acidic properties, adsorb most of the main dye (gentian violet), and when treated with a mordant retain the stain better than do the Gram-negative organisms. The cell wall of Gram-negative bacteria is thinner. It contains 6 to 10 times as much lipids and is chemically more complex than the cell wall of Gram-positive bacteria. The cell wall of Gram-positive bacteria makes up about 20 per cent of the dry weight of the bacterial mass, including some amino acids as diaminopimelic acid, hexosamines, and 1-3 per cent lipids, while murein accounts for 90 per cent of the weight of the cell wall itself.

The Ziehl-Neelsen stain is employed for differentiating acid-fast bacteria [bacilli of tuberculosis, leprosy, actinomycetes] which stain with difficulty. The smears are usually half-fixed by passing through a flame, and then are stained intensively with basic phenol fuchsin. After this they are treated with a 3-5 per cent sulphuric acid solution, washed with water, and counterstained with methylene blue. Acid-fast bacteria retain the red stain while all other bacteria are stained blue. Acid-fastness in bacteria is related to the presence of a large amount of lipids, waxes, arid oxyacids.

The Romanowsky-Giemsa stain is used quite widely. The stain is composed of methylene blue, eosin, and azure which makes it possible to differentiate microbial cells and the formed elements of the blood. The red blood cells stain pink, the leucocytes violet, the basophil granules blue, and bacteria and other inclusions violet or blue. The method is used in the differential diagnosis of diseases caused by trepo-nemas, Borrelia organisms, Leptospira organisms, and Protozoa.

To determine the shape and size of bacteria or the presence of a capsule, negative staining is employed. In this method the dye particles (Indian-ink, water-soluble nigrosin, Congo red, collargol) reach the outer margin of the slime layer; and, thus, the margin of the cytoplasmic membrane can be distinguished due to refraction. The distance between the two margins is equal to the thickness of the slime layer and cell wall.

Intravital staining can be performed by using a weak solution of basic dyes which are not toxic (methylene blue, cresol blue, Nile blue, neutral red). This method is used for studying volutin granules which stain more quickly and more intensely than the cytoplasm, and also for differentiating live and dead cells.

Microchemical methods are used to determine the solubility of lipids, volutin, cellulose, sulphur, the identification of vacuoles of cell sap and lipid inclusions, and the nature of carbohydrate and protein fractions. Bacteria can be studied by microdissection methods, with the aid of a micromanipulator or selector, ultracentrifugation, X-ray irradiation, or by a stream of electrons with certain characteristics, by means of filtration through bacterial filters, electrophoresis, infraspectrophotometry, and other more complex and sensitive investigations, in particular ultrathin sections of bacterial cells, employing cytochemical, immunoelectron-microscope and radioelectron-microscope methods and radioactive isotopes.

Staining methods.
1. Simple staining is affected by the application of a watery solution of basic dye, for example, methylene blue, gentian violet or basic fuchsin. The coloured, positively charged cation of the basic dye combines with negatively charged groups in the cytoplasm of bacterial cell. The stain is retained through a subsequent washing with water for the removal of excess dye from slide. It should be noted that the bacterial cell wall is not stained by ordinary methods and the coloured body corresponds to the cell protoplasm only. But certain bacteria do not colour evenly with simple stains. Thus, C. diphtheriae shows a "beaded" appearence, with alternative dark and light bars. The plague bacillus shows "bipolar staining", the ends more deeply coloured then the centre. 

2. Complex staining methods consist of several stages and include application of different dyes, decolorizing agents and other reagents. Those methods can be divided in two groups:

* Differential staining reactions, which distinguish one groups of bacteria from another [Gram stain or acid fast stain (Ziehl-Neelsen method)];

* Methods for detection of different structures of bacterial cell (for example, spores are visualized be modified acid fast stain (Oscheshko method), capsule of bacteria is examined by Burry-Gins stain, bacterial nucleus is stained by Romanovsky-Giemsa method, volutin granules are demonstrated by Neiser's method). 

Complex staining methods.
GRAM'S METHOD.
· Fix the dry film by passing three times through a flame.

· Stain with crystal violet (or methyl violet) for 60 seconds and pour
off the excess.
· Flood with Lugol's iodine, leave for 30 seconds and pour off the
excess.
· Flood with ethanol for some seconds (for decolorization) and wash
with water immediately.

· Counterstain with dilute water fuchsin for 60 seconds.

· Wash with water and blot dry.

Gram-positive organisms retain the violet stain following treatment with ethanol and are a deep violet.
Gram-negative organisms lose the violet stain in the decolorization process, but take up the counterstain and are pink.
Zichl-Neelsen (ZN) stain for acid-fast bacilli and spores.

· Cover the heat-fixed film with strong carbol fuchsin, heat with a flame until it streams (but not boils), and keep it streaming for 5-10 minutes, replenishing the stain if necessary.

· Wash with water.

· Flood with acid alcohol (3% HCl in 95% ethanol or 5%H2SO4) and leave for 5-10 minutes.

· Wash with water.

· Counterstrain with methylene blue for 3 minutes.

· Wash with water and blot dry.

Acid-fast bacilli and spores show up as bright red.

Acid non fast bacteria are blue.
    Neisser's method.


The granules of volutin consist of polyphosphates. They arc the feature of the diphtherial bacteria.
These granules are detected at Neisser's staining.

A smear is stained with acetic methylene blue for 1 minute.

The dye is poured off; a smear is washed with water.
      Flood with Lugol’s iodine for 30 seconds. 

Stain vesuvin  for  1-3 minutes.

A preparation is washed with water and dried up.

At Neisser’s staining of volutin are stained with blue- black and the cytoplasm of bacteria- with yellow.
Burri-Gins's method.
         The Congo red dye is brought to the boil before making of a preparation.
•      A drop of the dye is put on an object-plate.
•      A culture of a microbe is introduced with a sterile loop and carefully admixed with the dye.
•      Then a smear is uniformly distributed to a thin layer with the help of the second glass.
•      A preparation is dried up, flooded in 1% solution of muriatic alcohol for some seconds.
•      After exsiccation or the burning of alcohol above the flame a smear is counterstained with
water fuchsine for 1 minute.
     •      A preparation is washed with water, dried up and microscoped. The red rods surrounded by colourless capsules are visible against the blue background. 
The stages of making of a micropreparation.
1. To unoil an object-plate (with soap).
2. To anneal a bacterial loop and transfer 2-3 drops of the physiological solution on glass.
3. To anneal a bacterial loop, bum the brim of a test-tube, take a microorganism from a culture medium
surface.
4. To introduce a microbe into the physiological and spread it on the glass surface.
5. To dry a smear.
6.
  To fix it above the burner flame, line fixation is necessary:
1) for attachment of a smear to glass;
2) for killing of pathogenic microbes;
3) for the best staining.
Theme 5. Morphology and Ultrastructure of Spirochaetes.
Genetically spirochaetes (L. spira curve, Gk. chaite cock, mane) differ from bacteria and fungi in structure with a corkscrew spiral shape. Their size varies considerably (from 0.3 to 1.5 mсm in width and from 7 to 500 mсm in length). The body of the spirochaete consists of an axial filament and cytoplasm wound spirally around the filament. No special membrane separates the nucleoid from the cytoplasm. Spirochaetes have a three-layer outer membrane. As demonstrated by electron microscopy, they possess a fine cytoplasmic membrane enclosing the cytoplasm. The spirochaetes do not possess the cell wall characteristic of bacteria, but electron microscopy has revealed that they have a thin cell wall (periplast) which encloses the cytoplasm. Spirochaetes do not produce spores, capsules, or flagella. Very delicate terminal filaments resembling flagella have been revealed in some species under the electron microscope.

In spite of the absence of flagella, spirochaetes are actively motile due to the distinct flexibility of their bodies. Spirochaetes have a rotating motion which is performed axially, a translational motion forwards and backwards, an undulating motion along the whole body of the microorganism, and a bending motion when the body bends at a certain angle.

Some species stain blue, others blue-violet, and still others — pink with the Romanowsky-Giemsa stain. A good method of staining spirochaetes is by impregnation with silver.

Staining properties (reaction to stains) are used to differentiate between saprophytic and pathogenic representatives of spirochaetes.

Classification of spirochaetes. The order Spirochaetales, family Spiro-chaetaceae includes the sprophytes (Spirochaeta, Cristispira) representing large cells, 200-500 mсm long, some of which have crypts (undulating crests); the ends are sharp or blunt. They live on dead substrates, in foul waters, and in the guts of cold-blooded animals. They stain blue with the Romanowsky-Giemsa stain.

Three pathogenic genera belong to the family Spirochaetaceae: Borrelia, Treponema, Leptospira.
The organisms of genus Borrelia differ from spirochaetes in that their cells have large, obtuse-angled, irregular spirals, the number of which varies from 3 to 10. Pathogenic for man are the causative agents of relapsing fever transmitted by lice (Borrelia hispanica), and by ticks (Borrelia persica, etc.). These stain blue-violet with the Romanowsky- Giemsa stain. 

The genus Treponema (Gk. trepein turn, пета thread) exhibits thin, flexible cells with 6-14 twists. The micro-organisms do not appear to have a visible axial filament or an axial crest when viewed under the microscope. The ends of treponemas are either tapered or rounded, some species have thin elongated threads on the poles. Electron microscopy of ultrathin treponema sections revealed a thin, elastic, and poorly resistant membrane composed of lipids, poliosides, and proteins. The cytoplasmic membrane lends the treponemas a spiral shape. Besides the typical form, there may be treponemas seen as granules, cysts, L-forms, and other structures. The organisms stain pale-pink with the Romanowsky-Giemsa stain. A typical representative is the causative agent of syphilis Treponema pallidum.
Organisms of the genus Leptospira (Gk. leptos thin, speira coil) are characterized by very thin cell structure. The leptospirae form 12 to 18 coils wound close to each other, shaping small primary spirals. The organisms have two paired axial filaments attached at opposite ends (basal bodies) of the cell and directed toward each other. The middle part of the leptospirae have no axial filament. Due to the presence of the two pairs of axial filaments the leptospirae are capable of quite complex and active movement. During movement the ends of the organisms rotate rapidly at a right angle to the main part of their body. At rest the ends are hooked while during rapid rotary motion they resemble buttonholes. Secondary spirals give the leptospirae the appearance of brackets or letter S. The cytoplasm is weakly refractive. They stain pinkish with the Romanowsky-Giemsa stain. Some serotypes which are pathogenic for animals and man cause leptospirosis.

Theme 6. Morphology and Ultrastructure of Rickettsiae.
Rickettsiae are included in the order Rickettsiales of obligate intracellar bacteria containing DNA and RNA, and are pleomorphic organisms. They live and multiply only within the cells (in the cytoplasm and nucleus) of the tissues of humans, animals, and vectors. 

Coccoid forms resemble very fine, homogeneous, or single-grain ovoids about 0,5 mcm in diameter, quite often they occur as the diploforms. 

Rod-shaped rickettsiae are short organisms from 1 to 1,5 mcm in diameter with granules on the ends; or long and usually curved thin rods from 3 to 4 mcm in length.

Filamentous forms are from 10 to 40 mcm and more in length; sometimes they are curved and multigranular filaments.

Rickettsiae are non-motile, do not produce spores and capsules and stain well by the Romanowsky-Giemsa stain and the Ziehl-Neelsen stain.

Electron microscopy and cytochemical study have shown that the rickettsiae have an inner (0,06 mcm) and an outer membrane acting as a wall and consisting of three layers. Granules of the ribosome type measuring 2-7 mcm and vacuole-like structures 0,06-0,08 mcm in diameter have been found in the cytoplasm or rickettsiae.

Ricketsiae multiply by division of the coccoid and rod-shaped forms wich give rise to homogeneous populations of the corresponding type, and also by the breaking down of the filamentous forms giving rise to coccoid and rod-shaped entities.

Pathogenic rickettsiae invade various species of animals and man. The diseases caused by rickettsiae are known as rickettsioses. A typical representative is Ricckettsia  prowazekii (the name was given in honour of the scientists, the American Howard Ricketts and Czech Stanislaus Prowazek), the causative agent of typhus fever.

 Ricketsiae pertain to obligate parasites. They live and multiply only in the cells (in the cytoplasm and nucleus) or animals, humans, and vectors.

The order Rickettsiales consists of 3 families: Rickettsiaceae, wich has been characterized above; Bartonellaceae, parasites of human erythrocytes; Anaplasmaceae, parasites of animal erythrocytes.

The order Chlamydiales includes the family Chlamydiaceae, genus Chlamidia; these are small (0,30 – 0,45 mcm) organisms and are the causative agents of ornithosis, trachoma, venereal lymphogranuloma, and other diseases. 
Theme7. Morphology and Ultrastructure of Mycoplasmas.
The mycoplasmas belong to the class Mollicutes, order Mycoplasmatales. These bacteria measure 100-150 nm, sometimes 200-700 nm, are non-motile and do not produce spores.

Mycoplasmas are the smallest micro-organisms. They were first noticed by Pasteur when he studied the causative agent of pleuropneumonia in cattle. However, at the time he was unable to isolate them in pure culture on standard nutrient media, or to see them under a light microscope. Because of this, these micro-organisms were regarded as viruses. In 1898 Nocard and Roux established that the causative agent of pleuropneumonia can grow on complex nutrient media which do not contain cells from tissue cultures. Elford using special filters determined the size of the microbe to be within the range of 124-150 nm. Thus, in size mycoplasmas appeared to be even smaller then some viruses.

Since they do not possess a true cell wall, mycoplasmas are characterized by a marked pleomorphism. They give rise to coccoid, granular, filamentous, cluster-like, ring-shaped, filterable forms, etc. Pleomorphism is observed in cultures and in the bodies of animals and man. No two forms are alike. The nuclear apparatus is diffuse. There are both pathogenic and non-pathogenic species.  The most representative of the pathogenic species in the causative agent of pleuropneumonia in cattle (see section on pathogenic mycoplasmas).

At the present time more then 36 representatives of this order have been isolated, the most minute of all known bacteria. They are found in the soil, sewage waters, different substrates and in the bodies of animals and humans. Since mycoplasmas pass through many filters, and yet grow on media which do not contain live tissue cells, they are considered to be micro-organisms intermediate between bacteria and viruses. Chemically, micoplasmas are closer to bacteria. They contain up to 4 per cent DNA and 8 per cent RNA.

The most typical representatives of the pathogenic species are the causative agents of pleuropneumonia in cattle (Mycoplasma mycoides), acute respiratory infections (Mycoplasma hominis), and atypical pneumonia in humans (Mycoplasma pneumoniae). 

Theme8. Morphology and Ultrastructure of Fungi.
Fungi (L. fungus a mushroom) belong to plant heterotrophic organisms (eukaryotes) devoid of chlorophyll. The cells of fungi have a differentiated nucleus and many of them multiply by sporulation. They differ greatly from bacteria.

The fungi are marked by various morphology. The main structural component of the vegetative body is the mycelium which is composed of branching colourless filaments (hyphae). In some species the mycelium is non-septate, i.e. formed of a single cell (Mucor mould), in others (higher fungi) it is polycellular (septate). Yeasts are oval or rounded and lack mycelium. The fungus Claviceps purpurea forms a sclerotium which is a firm network of mycelial hyphae.

Fungi resemble algae in structure. They have a firm membrane consisting of cellulose, pectin substances, and carbohydrates. Various inclusions are found in the cytoplasm: glycogen, volutin, drops of fat.

The cells of fungi may be mononucleate and polynucleate. The nuclei undergo both direct and indirect division.

Fungi reproduce by rupture of the mycelium into pieces capable of germinating, by means of chlamydospores and conidia, by sporulation, and by the sexual way.

The group of fungi includes saprophytes, parasites, and facultative parasites of plants, animals, and humans.

Chytridiomycetes. Most species inhabit water reservoirs. They lack mycelium or it is present in a rudimentary state. They move by means of pseudopodia. The cells are polynucleate. The Chytridiomycetes undergo a complex developmental cycle. They reproduce by simple division and sporulation. When occurring on a moist substrate, the spores of these fungi absorb water, swell, rupture the membrane, and divide with the production of amoeboid-like cells some of which coalesce and form zygotes which divide and develop into a polynucleate mucous mass. Some species which are pathogenic for plants induce, in particular, cabbage disease ('blackleg') and wart disease of potatoes.

Oomycetes are fungi with non-cellular (non-septate) mycelium. Some species live in water, others in the soil. Water inhabiting oomycetes cause diseases among fish and destroy the roe of fish and frogs. Other oomycetes parasitize on plants and cause phytophtorosis of potatoes and the fruit of grapes and peronosporosis of sugar beet.

The genus Mucor or bread mould belongs to the class Oomycetes. It consists of a non-septate mycelium in the shape of a much-branched cell, from which branch out the fruiting hyphae — sporangiophores with round dilatations at the tips — sporangia. The latter are filled with endospores which provide a means of reproduction. Mucor mould may also reproduce sexually. It is widespread in nature, is often found on vegetables, moist surfaces of objects, and in manure.

A typical representative of Mucor mould is Mucor mucedo.
Pathogenic species of this mould may cause infections of the lungs and middle ear, and a general severe infectious process in humans.

Zygomycetes are soil fungi with a non-cellular mycelium. They reproduce by means of sporangiospores, less frequently by means of conidia. Enzymes secreted by these fungi are used for clarifying juices and preparing alcoholic beverages.

The class Zygomycetes includes the order Entomophiles, parasites of insects; they cause the death of the larvae of mosquitoes and flies and are used as insecticides.

Ascomycetes or sac fungi (35 000 species) have a multicellular mycelium. They reproduce sexually by means of ascospores (spores which develop in special spore cases, asci). The organisms reproduce asexually by means of conidia (exospores which bear the function of asexual reproduction in many fungi).

The genus Aspergillus belongs to the class Ascomycetes. The fungi have divided septate mycelium, and a unicellular conidiophore which terminates in a fan-like row of short sterigmata from which the spores are pinched off in chains — conidia (Gk. konidion particle of dust).

Microscopic investigations have revealed that the fruiting part of the aspergillus (arrangement of endospores) resembles a jet of water from a watering can, and hence the name 'sprinkler' mould.

A typical representative of aspergilla is Aspergillus niger which is widespread in nature. It is found on moist objects, on bread and jam. Certain species may cause aspergillosis of the lungs, ear, and eye in humans or may infect the whole body.

The genus Penicillium belongs to the class Ascomycetes. The mycelium and conidiophore are multicellular while the fruiting body is in the shape of a brush. The conidiophore branches towards its upper part and terminates in sterigmata from which even-rowed chains of conidia are pinched off. This genus of fungi is widespread in nature. It is found in fodder, milk products, ink and jam, on moist objects, and old leather. The type species is Penicillium glaucum. Certain species (Penicillium notatum, Penicillium chrysogenum, etc.) are used for producing penicillin which is widely employed in treating many infectious diseases. Some species of this genus of fungi are pathogenic for humans. They cause infections of the skin, nails, ears, upper respiratory tract, lungs, and other organs.
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Axpergillm
To the class Ascomycetes, the order Saccharomycetales (primary sac fungi) belong the yeasts which are large, oval, round, and rod-shaped cells. Yeast cells have a double-cell wall and a well defined nucleus. The cytoplasm is homogenous, sometimes of a fine granular structure. It contains inclusions (glycogen, volutin, lipid) and vacuoles, and also filamentous bodies — chondriosomes, which are involved in synthetic processes in the cell. Yeasts multiply by budding, fission, sporulation. Some species of yeasts reproduce sexually. Daughter cells produced by budding from the parent cell transform into independent individuals.

Basidiomycetes, fungi with a multicellular mycelium. These organisms predominantly reproduce sexually by basidiospores (basi-dia — reproductive organs in which a certain number of spores develop, usually). The majority of them live on decaying humus and vegetable matter. Certain species are tree parasites. Two hundred species of mushrooms are edible. The fruiting bodies which are commonly known as mushrooms are used as food. Twenty-five species of mushrooms are poisonous.

Smut fungi invade grain crops causing a disease known as smut. Rust fungi affect sunflowers, and other plants. They produce orange-coloured sports on infected plants.

Deuteromycetes (Fungi imperfecti) are a rather large group of fungi consisting of a multicellular mycelium without either the asco- or basidio-sporangiophore, but only with conidia. Reproduction is asexual, sexual reproduction is unknown.

Among the hyphomycetes which may be of interest to physicians are: Fusarium graminearum causing intoxication in humans ('drunken bread'), and Fusarium sporotrichiella causing intoxication in man and domestic animals who have eaten the grain crops which had remained in the fields during the winter.

Pathogenic species of imperfect fungi are causative agents of derma-tomycoses: favus (Trichophyton schoenleini), trichophytosis (Trichophyton violaceum), microsporosis (Microsporum canis), epidermophytosis (Epidermophyton floccosum).

Comparison of fungi and bacteria

	Feature
	Fungi
	Bacteria

	Diameter
	Approximately 4 µm (Candida)
	Approximately 1 µm (Staphylococcus)

	Nucleus
	Eukaryotic
	Prokaryotic

	Cytoplasm
	Mitochondria and endoplasmic reticulum present
	Mitochondria and endoplasmic reticulum absent

	Cell membrane
	Sterols present
	Sterols absent (except Micoplasma)

	Cell wall content
	Chitin
	Peptidoglycan

	Spores
	Sexual and asexual spores for reproduction
	Endospores for survival, not for reproduction

	Thermal dimorphism
	Yes (some)
	No

	Metabolism
	Require organic carbon; no obligate anaerobes
	Many do not require organic carbon; many obligate anaerobes


Theme 9. Morphology and Ultrastructure of Actinomycetes.
Actinomycetes (Gk. mykes fungus, actis ray) are unicellular micro​organisms which belong to the class Bacteria, the order Actinomycetales. The body of actinomycetes consists of a mycelium which resem​bles a mass of branched, thin (0.2-1.2 mcm in thickness), non-septate, filaments — hyphae (Fig. 10,1).

In some species the mycelium breaks up into poorly branching forms. In young cultures the cytoplasm in the cells of actinomycetes is homo​geneous, it refracts light to a certain extent, and contains separate chromatin grains. When the culture ages, vacuoles appear in the mycelial cells, and granules, droplets of fat and rod-shaped bodies also occur. The cell wall becomes fragile, breaks easily, and a partial lysis of the cells occurs. In actinomycetes, as in bacteria, differentiated cell nuclei have not been found, but the mycelial filaments contain chromatin granules. The actinomycetes multiply by means of germinating spores attached to sporophores, and by means of fragmen​tation where they break up into hyphae.

The order Actinomycetales consists of 4 families: Mycobacteriaceae, Actinomycetaceae, Streptomycetaceae, Actinoplanaceae. The family Mycobacteriaceae includes the causative agents of tuberculosis, leprosy, and the family Actinomycetaceae, the causative agents of actinomycosis
and acid-fast species nonpathogenic for man.


Among the actinomycetes of the family Streptomycetaceae are representatives which are capable of synthesizing antibiotic substances.These include producers of streptomycin, chloramphenicol, chlortetracycline, oxytetracycline, neomycin, nystatin, etc. No species pathogenic for animals and man are present in the family Actinoplanaceae.
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Figure 7.
Morphology and structure of actinomycetes

1-general view of the mycelium; 2—germination of spores; 3 — structure of sporophores

Differentiating Characteristics of Actinomycetaceae

	
	Actinomyces
	Nocardia
	Streptomyces

	Staining characteristics
	Gram-positive
	Gram-positive (stain poorly); weakly acid-fast
	Gram-positive

	Oxygen requirement
	Strict of facultative anaerobes
	Strict aerobes
	Strict aerobes

	Epidemiology
	Part of normal flora  (oropharynx, gastrointestinal tract)
	Prevalent in soil; occasionally found in sputum of normal individuals
	Prevalent in soil and water

	Clinical disease
	Produce abscesses with yellow granules
	Cause subcutaneous and pulmonary infection
	Cause subcutaneous infections with granules (mycetoma)

	Reproduction
	Non-spore former 
	Non-spore former
	Spore former


Theme10. Morphology and Ultrastructure of Protozoa.
Protozoa (Gk. protos first, zoon animal) are unicellular animal organisms more highly organized than bacteria. They have a cytoplasm, a differentiated nucleus, a cell wall which differs in optical properties, and primitive organelles.

Protozoa reproduce by simple and multicellular division, sexually, and also by a more complicated process — sexually and asexually (malarial plasmodium). Amoebae, lamblias, and balantidia can produce cysts which are more resistant forms for survival. Representatives of certain species have two or more nuclei. The phylum Protozoa can be subdivided into 5 classes:

Class 1-flagellates (Mastigophora or Flagellata). Movement is effected by means of one or several long flagella. They are oval, elongate or spherical in shape. Reproduction in parasites is generally by longitudinal fission while more rarely sexual reproduction occurs. Type representatives are trypanosomes, leishmaniae, and lamblias.

Class 2 — Sarcodina or Rhizopoda. These organisms move with the help of pseudopodia or cytoplasmic processes. The body of the microorganism easily changes its morphology. Reproduction is by simple cell division. The production of a cyst is one of the stages in the life cycle. Among the pathogenic species for man is Entamoeba histolytica.
Class 3 — Sporozoa. The members of this class have no special locomotor organs. Reproduce sexually and asexually. Plasmodia, causative agents of malaria in humans, animals, and fowl, and Toxoplasma organisms causing diseases among animals and humans pertain to this.

Class 4 — Cnidosporidia. These include the slime spore parasites mainly from fish. The micro-organisms of the order Microsporidia predominantly infect insects.

Class 5 — Infusoria or ciliata. These organisms move by means of cilia. The body shape is constant. The protozoa of this class have oral and anal openings. Balantidium coli is a species pathogenic for man.

A more detailed description and characteristic of protozoa is given in the biology course. The main information on pathogenic species is given in the section on special microbiology.

Theme11. Morphology and Ultrastructure of Viruses. 

The name virus (L. virus poison) was given by Pasteur to many causative agents of infectious diseases, and by Beijerinck to the causative agent of tobacco mosaic disease. Later on, the term virus was used to designate those micro-organisms which pass through candles, asbestos disks, and gradocol membranes (filterable viruses). Now it has been established that many microbes of a bacterial nature are capable of passing through such filters, therefore the term 'filterable virus' is not employed today.
Viruses do not have a cellular structure and are small in size, varying over a wide range from 20 to 350 nm.
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Size and morphology of the most important families of human viruses.
Morphology. Viruses may be classified in relation to their shape into

several groups.

1. Spherical form. This includes the viruses of influenza, parotitis, Japanese encephalitis, measles, fowl and mice leucaemia, arboviruses, and other viruses. The size of viruses having a spherical shape varies within the range of 18 to 150 nm.
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Scehematical representation of the structure of influenza virion

1 - ribonucleoprotein;

        2 - membrane-like layer;

        3 - lipids;

       4 - haemagglutinins;

       5 -  neuraminidase.

2. Rod-shaped form. This includes the causative agents of tobacco mosaic disease, potato blight, etc. They are 300 nm in length and 15 nm in width.

3.  Cuboidal form. This form is characteristic of the vaccinia (cowpox) virus, the viruses of smallpox and papillomas of humans, and animals, adenoviruses, enteroviruses, reoviruses, etc. Their size ranges between 30 and 350 nm.

4. Spermatozoid form. It is characteristic for viruses of the lower plants (phages). Their size varies from 47-104 to 10-225 nm.

The size of viruses can be determined by filtration through colloid membranes,  centrifugation in high-speed centrifuges, and electron microscopy.

A virus is composed of nucleic acid (DNA or RNA), and a protein wall containing enzyme systems with the help of which the virus penetrates into tissue cells. The cell wall or the special surface membrane has been named a capsid as it is composed of a certain amount of capsomers. 

The number of structural capsomers in the capsid of a given virus is constant (32 in the poliomyelitis virus, 252 in the adenovirus, 2000 in the tobacco mosaic disease virus, etc.) The nucleocapsid is the structure consisting of nucleic acid enclosed by the capsid. Some viruses have a supercapsid membrane consisting of components of cell or virus origin.

Symmetry (the property of bodies to repeat their parts) is an important feature in the structure of virions. Viruses have no enantiomorphic protein molecules, their symmetric packings have only axes of symmetry. A symmetry axis is a straight line on rotation about which to a definite angle a figure coincides with itself. According to the character of the packing of the protein subunits, viruses are subdivided into two types of symmetry: spiral and cubic. In spiral symmetry the packing of the subunits turns into a closed cylindrical pattern. In cubic symmetry the lines of the curve of the tightly packed hexagonal subunit layer will be straight lines stretching at an angle of 120 degrees in relation to one another. The elements of the surface are equilateral triangles.

The tobacco mosaic virus is considered a typical representative of viruses with spiral symmetry; it is shaped like a hollow rod 17 nm in diameter and 310 nm in length. The virus is built of similar protein subunits. A single-strand RNA molecule is located between protein subunits. The viruses of influenza, parainfluenza, and others, the phages (viruses) of male E. coli cells, and others belong to the spiral type of symmetry.

Viruses with cubic symmetry have the shape of a polyhedron (tetrahedron, hexahedron, dodecahedron, icosahedron); these are the causative agents of poliomyelitis, papilloma, and herpes, adenoviruses, etc.

Some viruses are marked by combined symmetry, having an intermediate layer ('inner' capsid) possessing a different type, between the 'outer' capsid and the nucleoid; certain phages (T2, T4, T6), the vaccinia virus, etc. belong to this group.

In a number of virus infections intracellular inclusions are formed. Many of them are well discerned under a light microscope, and they are employed for laboratory diagnosis of rabies, smallpox and other diseases.

Viruses are obligate parasites. They live and multiply in the cells of live organisms (lower and higher plants, arthropods, wild and domestic animals, and man), but are also able to develop in homogenates of different tissues and organs.

Many species of viruses are pathogenic for man and cause diseases such as smallpox, rabies, certain tumours, influenza, measles, encephalitis, epidemic hepatitis, haemorrhagic fever, poliomyelitis, foot-and-mouth disease, etc. Viral diseases make up almost three-fourths of all human infectious diseases.

Comparison of viruses and cells
	Property
	Viruses
	Cells

	Type of nucleic acid 
	DNA or RNA but not both
	DNA and RNA

	Proteins
	Few
	Many

	Lipoprotein membrane
	Envelope present in some viruses
	Cell membrane present in all cells

	Ribosomes
	Absent1
	Present

	Mitochondria
	Absent
	Present in eukaryotic cells

	Enzymes
	None or few
	Many

	Multiplication by binary fission or mitosis
	No
	Yes


1Arenaviruses have a few nonfunctional ribosomes.

Questions for discussion.
1. Explain the differences of main characteristics between Eucaryotes and Procaryotes.

2. Name the main groups of prokaryotes. Characterize their taxonomy, morphology, methods of examination and medical significance.

3. Describe the main structures of prokaryotic cells, their chemical nature, functions, methods of demonstration:

a) Cell wall;

b) Cytoplasmic membrane;

c) Cytoplasm;

d) Ribosomes;

e) Mesosomes;

f) Intracytoplasmic inclusions;

g) Nucleus;

h) Flagella and fimbriae;

i) Spores;

j) Capsulas.

4. Describe the classification of staining techniques. What are the principle, stages and practical application of each method:

a) Gram stain;

b) Ziehl-Neelsen stain;

c) Burry-Gins stain;

d) Neisser stain;

e) Romanovsky-Giemsa stain;

f) Morosov stain.

5. Describe the morphology of actynomyces, methods of examination and medical significance.

6.  Describe the morphology of rickettsias, methods of examination and medical significance.

7.  Describe the morphology of chlamydias, methods of examination and medical significance.

8. Describe the morphology of mycoplasmas, methods of examination and medical significance.

9.  Describe the morphology of  spirochetes, methods of examination and medical significance.

10.  Describe the morphology of fungi. Name the main classes of fungi. Characterize their taxonomy, methods of examination and medical significance.

11.  Morphology of viruses. Name the main families of viruses. Why are viruses not considered to be cellular forms of life? Describe the structure of viruses, methods of examination and medical significance.

12. What are the principles of classification of protozoa? Describe the structure of protozoa, methods of examination, medical significance.                        

Test for basic bacteriology.
Directions: Select the ONE lettered answer that is BEST in each question.

1. Each of the following statements concerning the surface structures of  bacteria is correct EXCEPT:

a) Pili mediate the interaction of bacteria with mucosal epithelium;

b) Polysaccharide capsules retard phagocytosis;

c) Both gram-negative rods and cocci have lipopolysaccharide (“endotoxin”) in their cell wall;

d) Bacterial flagella are nonantigenic in humans because they closely rersemble human flagella in chemical composition.

2. Each of the following statements concerning  peptidoglycan is correct EXCEPT:

a) It has a backbone composed of alternating units of muramic acid and acetylglucosamine;

b) Cross-links between the tetrapeptides in volve D-alanine;

c) It is thinner in gram-positive then in gram-negative cells;

d) It can be degraded by lysozyme.

3. Each of the following statements concerning bacterial spores is correct EXCEPT:

a) Their survival ability is based on their enhanced metabolic activity;

b) They are formed by gram-positive rods;

c) They can be killed by being heated to 121°С for 15 minutes;

d) They contain much less water than bacterial cells.

4. Which one of the statements is the MOST accurate comparison of human, bacterial, and fungal cells?

a) Human cells undergo mitosis, whereas neither bacteria nor fungi do;

b) Human and fungal cells have a similar cell wall, in contrast to bacteria, whose cell wall contains peptidoglycan;

c) Human and bacterial cells have plasmids, whereas fungal cells do not;

d) Human and fungal cells have similar ribosomes, whereas bacterial ribosomes are different.

5. Each of the following statements concerning bacterial spores is correct EXCEPT:

a) Spores are formed under adverse environmental conditions such as the absence of a carbon source;

b) Spores are resistant to boiling;

c) Spores are metabolically inactive and contain dipicolinic acid, a calcium chelator;

d) Spores are formed primarily by organisms of the genus Neisseria.

6. Each of the following is a typical property of obligate anaerobes EXCEPT:

a) They generate energy by using the cytochrome system;

b) They grow best in the absence of air;

c) They lack superoxide dismutase;

d) They lack catalase.

7. Each of the following statements concerning the Gram  stain is correct EXCEPT:

a) Esherichia coli stains pink because it has a thin peptidoglycan layer;

b) Streptococcus pyogenes  stains blue because it has a thick peptidoglycan layer;

c) Micobacterium tuberculesis  stains blue because it has a thick lipid layer;

d) Micoplasma pneumoniae isn’t visible in the Gram stain because it doesn’t have a cell wall.

8. In the Gram stain, the decolorization of gram-negative bacteria by alcohol is MOST closely related to:

a) Proteins encoded by F plasmids;

b) Lipids in the cell wall;

c) 70S ribosomes;

d) branched polysaccharides in the capsule.

9. Bacterial surface structures that show antigenic diversity include each of the following EXCEPT:

a) Pili;

b) Capsules;

c) Flagella;

d) Peptidoglycan.

10. Each of the following statements concerning bacterial and human cells is correct EXCEPT:

a) Bacteria are prokaryotic (ie, they have one molecule of DNA, are haploid, and have no nuclear membrane), whereas human cells are eukaryotic (ie, they have multiple chromosomes, are diploid, and have a nuclear membrane);

b) Bacteria derive their energy by oxydative phosphorylation within mitohondria in a manner similar to human cells;

c) Bacterial and human ribosomes are of different sizes and chemical compositions;

d) Bacterial cells prossess peptidoglycan, whereas human cells do not.

11. Each of the following statements concerning the structure and chemical composition of bacteria is correct EXCEPT:

a) Some gram-positive cocci contain a layer of teichoic acid external to the peptidoglycan;

b) Some gram-positive rods contain dipicolinic acid in their spores;

c) Some gram-negative rods contain lipid A in their cell wall;

d) Some mycoplasmas contain pentaglycine in their peptidoglycan.
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