dQuiz 1

Experiment 4 – The Gram Stain
· Gram stain is used to differentiate types of bacteria depending on their abilities to retain a particular stain

· Differential staining technique – differentiating bacteria types by observing the amount of stain they absorb

· 1) Staining the fixed smear of organisms with a primary stain of crystal violet

· 2) Apply Gram’s iodine stain

· also known as the mordant (a substance that fixes the primary stain in the bacterial cells)

· 3) Employ a counterstain known as safranin 

· Gram-positive organisms will not be easily decolorized and thus retain the purple stain of crystal violet

· Gram-negative organisms will be decolorized by the alcohol and are subsequently stained by the safranin and appear red or pink

Experiment 5 – The Acid-Fast Stain

· Acid-fast stain: is a differential stain used primarily in the identification of the tuberculosis bacillus, Mycobacterium tuberculosis and the leprosy organism, Mycobacterium leprae.

· Some species of bacteria do not stain readily by simple stain or Gram stain procedures (such as the Mycobacterium)

· These bacteria have waxy cell walls because the walls contain large amounts of lipoidal material (mycolic acids). 

· The lipid-rich walls render the cell wall impermeable to most stains

· In the Ziehl-Neelson procedure, the smear is flooded with carbolfuchsin (a dark, red dye containing 5% phenol), which has a high affinity for the lipid-rich material of the bacterial cell wall

· The smear is heated to facilitate pentetration of the stain into the bacteria

· Once stained with the aid of heat, they retain the dye, even when treated with a decolorizing agent such as acid alcohol

· Acid-fast organisms: are the organisms that are not decolorized by acid alcohol

· Appear red from the carbolfuchsin

· Non acid-fast organisms: are organisms that can be decolorized by acid alcohol

· Can be stained with methylene blue

· In the Kinyoun modification, called a cold stain, the concentrations of phenol and carbolfuchsin are increased and a detergent is added so heating isn’t necessary 

· All acid-fast organisms are Gram positive, but not all Gram positive organisms are acid fast
· all acid-fast organisms are gram positive because they can be stained, but not all organisms that can be stained are acid fast

Experiment 6 – The Spore Stain (Schaeffer-Fulton Method)

· Certain bacteria (like species in the genera Bacillus and Clostridium) are capable of condensing their vital cellular components into an endospore.

· These bacteria use endospores when conditions are too harsh to permit further vegetative growth and reproduction

· The vegetative (actively growing) cell slows down, loses moisture, and withdraws its substance into one area, which it surrounds with a thick impermeable wall. 

· Sporulation: the gradual process of the empty bacterial shell falling away; leaving a highly resistant spore to environmental influences like desiccation (removal of water), high temperature, ionizing radiations and many chemicals.

· Free spores resist ordinary dyes such as methylene blue, crystal violet and carbolfuchsin.

· Once stained by a specfic dye, spores will resist decolorization by various solvents

· One must use a specialized staining technique to drive a dye through the spore coat

· Primary stain: malachite green

· Counter stain: safranin 

· Size of the endospore and its position in the cell are often distinctive characteristics of spore forming species

Experiment 7 – The Negative Stain
· Negative Stain – the negative stain has negatively charged chromophore and will therefore repel from negatively charged bacterial surface cells

· The stain acid dye nigrosin, will appear in the background and will not attract to the bacterial cells, thereby leaving an unstained (clear) cell 

· Background should be from grey to black

· Negative staining does not involve heating, so therefore little distortion of cells occurs

· Thus, the natural shape and size of the cells can be seen.


Experiment 8 – The Capsule Stain

· The cell wall of certain species of bacteria is often surrounded by an envelope of mucilaginous substances, which can be referred to as a capsule, slime layer or glycocalyx.

· The capsule usually consists of polysaccarides, polypeptides and/or enlarged appearance

· Alcian blue is a basic dye that is water soluble in nature.  It is believed to form linkages with the acid groups of acidic mucopolysaccharides staining them blue

· The capsule will appear blue in nature with the stain

· The size of a capsule varies with the species and among strains of species

· Among disease-producing bactera the presence of a heavy capsule make destruction of the microbe by phagocytic cells more difficult. 

· Specific capsule stains such as the Alcian Blue method have been developed, but a capsule may also be detected using a negative stain such as the one demonstrated in Exp. 7.

· Since polysaccharides are water soluble and uncharged, simple stains will not adhere to it.  

· Most capsule staining techniques stain the bacteria and the background, leaving the capsules unstained – essentially a “negative” capsule stain

· In the negative stain the unstained halo-like material surrounding the cells would represent the capsule surrounded by a dark background

Quiz 2

Experiment 9: Culture Media Preparation and Sterilization
· Culture medium: material in which or on which bacteria are grown

· May be liquid, semisolid or solid

· The ingredients included in any one medium may be limited to well-defined inorganic or organic compounds. 

· Chemically defined medium: a medium whose chemical constituents are known

· All purpose or general purpose medium: supports the growth of a large number of organisms

· Ex. nutrient broth or nutrient agar (most commonly used in microbiology)

· Nutrient broth consists of beef extract and peptone (partially digested protein) dissolved in distilled water

· Nutrient agar consists of a primary constituent of a complex carbohydrate, galactan, which is extracted from the marine alga of the genus Gelidium… only used as a solidifying agent.
· Agar goes into solution or melts when heated to nearly 100°C and remains liquid until cooled to about 43°C

· It must be reheated to approximately 100°C to cause liquefaction

· Selective or differential media:  containing chemical substances which will prevent growth of one or more groups of bacteria without inhibiting the growth of the desired one.

· Contain certain chemicals which permit differentiation between types of bacteria

· Sterile: means free of all life, including viruses

· is essential for microbiological studies

· bacteria and molds are always present in the water and on glassware and other utensils… which in turn, inhibits any other growth of desired bacteria because it takes up room on an agar plate, for example

· Principal lethal agent in stem sterilization is heat: microorganisms are killed when their enzymes and cellular proteins are irreversibly destroyed

· The higher the temperature, the shorter the time required for sterilization of the media

· Autoclave: an instrument used to sterilize bacteriological media and surgical equipment

· Based on the same principle as the pressure cooker- the ability to increase temperature by building up steam pressure, thus preventing boiling. 

· Temperature if kept at 121°C

· Although higher temperature can be obtained by increasing the steam pressure, further increases in temperature and time may drastically alter the ingredients in the media, thereby making them unsuitable for the particular use. 

Purpose:

· We are trying to make two mediums: nutrient broth and nutrient agar

· We are going to compare the two in the settings of a sterile (placed in autoclave) and non-sterile environment (room temperature)

Results:

· Non-sterile broth – there are contaminants of rod-shaped bacteria and cocci. These observations show that there were different morphologies of bacteria as a result of contamination. 

· Visual appearance between the sterile and non sterile broth 

· Sterile broth – clear, yellow colour….

· Non-sterile broth - murky, non-clear, yellow colour ( as a result of bacterial growth

Experiment 10: Selective, Differential, and Enriched Media

· One of the major limitations of isolating bacteria from a mixed population is that organisms present in limited amounts may be diluted out on plates filled with dominant bacteria.

· What we can do to isolate the desired bacteria is to enhance the growth of the ones we want and inhibit the growth of the ones that “get in the way”

· Selective Media: selective media contain specific chemicals which do not affect the growth of the organism you wish to isolate but will discourage the growth of other groups of microorganisms

· ex. say we want to isolate the genus species Streptococcus… all we have to do is incorporate a chemical called sodium azide. This chemical isolates lactic acid bacteria that lack a cytochrome system… this is because sodium azide binds to the iron of porphyrin ring of the cytochrome, thus preventing any growth.  Streptococcus lacks a cytochrome system… and thus is isolated when this chemical is applied to the culture medium
· Some selective agents include: dyes, high concentrations of NaCl, bile salts, antibiotics, specific sugars, etc.
· These agents and their concentrations vary depending on the microorganism
· Differential Media: differential media contain dyes, or chemicals which allow the observer to distinguish between types of bacterial colonies that have developed after incubation. 
· ex. we are able to see different colonies on the same agar plate… like the Eosin Methylene Blue (EMB) Agar. This agar is used in the isolation of a certain bacteria and its related species… like E. coli and Enterobacter sp. E. coli produces small, colonies with dark, almost black centers with a greenish metallic sheen. Enterobacter sp. Produces large pinkish mucoid colonies with dark centers which rarely show metallic sheen.  EMB also contains lactose.. so only those bacteria with the enzyme to break it down as an energy source will thrive, while those who do not have the essential enzyme will be suppressed. 
· Enriched Media: some microorganisms require specific nutrients such as vitamins and other growth-promoting substances and because of their stringent nutritional requirements are termed fastidious. 
· May include the addition of blood, serum, or extracts of plant or animal tissue to nutrient broth or agar 
Purpose: 
· How well do these bacteria grow in certain agar plates?
· Escherichia coli

· Enterobacter aerogenes

· Staphylococcus epidermidis

· Streptococcus faecalis

· Agar plates:
· Tryptic Soy Agar Plate 
· EMB Agar Plate
· KF Streptococcal Agar Plate
Results:

· How abundant is the growth of the bacteria?
· What is the colour of the bacteria? How do they look?
· What is the colour of the medium adjacent to the bacteria growth? How has the bacteria affected the plate?
	Medium
	Bacterial Species
	Description of Growth

	Tryptic Soy Agar
	Escherichia coli
	Abundant (++++), off-white, raised, glossy



	
	Enterobacter aerogenes
	Abundant (++++), off-white, raised, glossy


	
	Staphylococcus epidermidis
	Abundant (++++), off-white, raised, glossy



	
	Streptococcus faecalis
	Abundant (++++), off-white, raised, glossy



	EMB Agar
	Escherichia coli
	Abundant (+++), purple, raised, glossy, smooth



	
	Enterobacter aerogenes
	Abundant (+++), purple, raised, glossy, smooth


	
	Staphylococcus epidermidis
	No growth



	
	Streptococcus faecalis
	No growth



	KF Streptococcal Agar
	Escherichia coli
	No growth



	
	Enterobacter aerogenes
	No growth



	
	Staphylococcus epidermidis
	No growth



	
	Streptococcus faecalis
	Red, raised, bumpy surface, matte finish




Experiment 11: Streak-Plate Method: Isolation of Pure Cultures

· Pure culture: culture consisting of only one type of organism

· this allows for a detailed study of the characteristics of the individual species

· There are three dilution methods: used for the isolation of bacteria

· Streak plate – is essentially a  dilution technique that spreads a loopful of culture over the surface of an agar plate

· Spread plate

· Pour plate

Materials used:

· Escherichia coli (24h)

· Staphylococcus aureus (24h)

· Mixed culture of the two above bacteria

Purpose: 
· Obviously to try to isolate the bacteria!

· Do this using the streak method…. Where you apply the inoculating loop of bacteria onto the plate… and drag it back and forth… do this in four sections on the plate, turning in 90° increments, making sure the loop does not come in contact with previously streaked agar. 

· These plates will be incubated at 30°C for 24 h. 

Results:

· How did the colonies look like?

· What were the size, colour, elevation?

	Species
	Description of colonies
	Morphology of bacterial cells

	Staphylococcus aureus
	Raised, round, yellow colour, very small colonies
	Blue/purple from crystal violet stain, very small, round shape, arranged in chains

	Escherichia coli
	Raised, round, yellow colour, glossy, fairly large colonies
	Red from safranin stain, rod shaped, singly, sparsed out more

	Mixture
	Raised, round, yellow colour, glossy, fairly big colonies
	Red from safranin, rod shaped, tiny, single, in clusters


Experiment 12: The Pour-Plate Method

· Another way in obtaining isolated colonies from a mixed population of bacteria is by diluting the speciman into a series of cooled (45° to 50°C) fluid-agar medium which is then poured into empty Petri plates.

· Immediately, before the agar cools, the plate is gently rocked to disperse the inoculum… when it solidifies, it is then incubated. 

· After incubation, bacterial growth is visible as colonies in and on the agar of a pour plate

· Since the magnitude of the microbial population is generally not known, it is necessary to make several dilutions to ensure that at least one countable plate will be obtained on which distinct and separate colonies have formed on, or in, the agar medium. 

Purpose: 

· to get single isolated colonies

· we are essentially diluting the bacteria in different tubes… placing those diluted bacterium tubes into agar plates and seeing what we get. 

· From one tube, we put one loopful of bacteria into it… then from that tube… put two loopfuls into another tube… etc. 

Results:

As you go along the plates produced, there is a dilution of colonies. 

· Plate 1 – abundant colonies (plate almost completely covered)

· Plate 2 – fewer colonies (sparsed colonies throughout plate)

· Plate 3 – very few colonies (countable colonies… of maybe 3-4)

Experiment 13: Aseptic Technique in Pipette Handling

-- INCOMPLETE

Experiment 14: Plate Count Method

-- INCOMPLETE

