BIOL 2108   LAB 2. BACTERIA 

A. INTRODUCTION TO THE BACTERIA

Today’s lab will introduce us to the practical aspects of bacteria.  What are bacteria?  How are they classified?  How do we recognize bacteria in the lab?  What laboratory procedures are used to identify and grow bacteria?  What special techniques are employed when working with bacteria?

A.1. WHAT ARE BACTERIA?

Bacteria are small and simple. Bacteria are prokaryotes; they lack nuclei and membrane bound organelles.  The DNA in bacteria is usually found not packaged with histone proteins (bacteria do not have chromatin); the DNA molecule, while long and threadlike, exists as a complete circle in the bacterial cell, it is generally attached to the interior of the cell surface in one location, and occupies a location in the cell, which is commonly identified as the nucleoid.  Sometimes bacteria will contain additional molecules of DNA called plasmids, which are small circlets of DNA that may contain additional genes.  These plasmids can be exchanged between bacterial cells through a process called conjugation, a nonsexual in which a cytoplasmic connection between two cells is established and plasmids can be transferred from one cell to another.  Plasmids can also be taken up from the remains of dead bacteria or can be transferred via viruses (called bacteriophages) through a process know as transduction.  In any event, a bacterium that receives new genetic material is said to be transformed.

Because bacteria are so small and simple, they can only be visualized through the use of a microscope.  The maximum effective magnification of most compound light microscopes (a microscope with interchangeable objectives using transmitted visible light) is generally 1000x [assuming a microscope with a 100x objective lens and 10x oculars].  Even at this high degree of magnification, the scientist can determine the shape of the bacterial cell, but cannot resolve any details of cell structure.  What we know about the intracellular structure of bacteria has largely been generated through the use of transmission electron microscopes (a microscope that transmits a beam of electrons through a specimen to reveal details of internal structure).  Transmission electron microscopy (TEM) has a maximum practical magnification of 200,000X.  Scanning electron microscopy (SEM) bombards the surface of a specimen with an electron beam that then reveals details of surficial structure with a maximum effective magnification of 20,000X.

Bacteria reproduce asexually through a process known as binary fission – a two step process in which the bacterial DNA is replicated (to form two identical circular molecules) and the cell splits in two.  It is important to note that the asexual reproduction of bacteria is not called “bacterial mitosis” as a bacterium does not have chromatin or chromosomes.

Bacteria usually have a cell wall (very few do not).   In most cases, bacteria have a cell wall made of peptidoglycan (a glucose polymer cross-linked by polypeptides).  The bacterial cell wall is critical to the identification of bacteria using the Gram staining procedure (below).

A.2. HOW ARE BACTERIA CLASSIFIED?  

Bacteria are classified into one of two domains based primarily on details of their cellular structure.  The Domain Bacteria includes prokaryotic organisms with peptidoglycan cell walls and DNA present as a single, circular molecule not packaged with histone.  These are the bacteria (sometimes called “eubacteria” ) that we are most familiar with; they are found in many different habitats and demonstrate a variety of types of metabolism.  On the other hand, the Domain Archaea includes prokaryotic organisms (called the “archaebacteria”) that have a proteinaceous cell wall and DNA packaged with histones (similar to eukaryotic chromatin).  Each of these two domains are represented by a single kingdom each (Domain Bacteria, Kingdom Eubacteria and Domain Archaea, Kingdom Archaebacteria) and are further classified into different groups and, ultimately, into genera and species.  It should be further noted that ribosome shape and morphology are consistent within each prokaryotic domain, but are distinctive between the two.

The far majority of bacteria that you encounter on a daily basis are chemoheterotrophic bacteria, organisms that derive their energy by breaking down food molecules that belong to another organism; the organism can be dead (the bacteria are called saprotrophs), or the organism can be living (the bacteria are called parasites).

There is a unique and ecologically important group of bacteria that are aquatic and photosynthetic.  These organisms were originally called the blue-green algae (the were classified into a group called the Division Cyanophyta), owing to their coloration due to their unique combination of photosynthetic pigments.  Once scientists start looking at these organisms carefully, they realized that these organisms did not have nuclei, nor did they have membrane-bound organelles.  A new name was designated, the Division Cyanobacteria for these unique photosynthetic prokaryotes.

We should mention that the Archaebacteria (in the Domain Archaea), for the most part are chemoautotrophic bacteria…bacteria that can make their own food molecules from inorganic chemical compounds.

A.3. HOW DO WE RECOGNIZE AND IDENTIFY BACTERIA IN THE LAB?

Bacteria are recognized and identified using light microscopy and culture techniques.  While the details are going to be discussed in the next section, scientists can use the light microscope to determine basic cell shape and staining characteristics to help in the recognition and identification of bacteria.  Culture techniques are concerned with the growth of bacteria; these techniques can be used in the recognition and identification of bacteria as well.

A.4. WHAT LABORATORY PROCEDURES ARE USED TO IDENTIFY AND GROW BACTERIA? 

Probably the most commonly used procedure in determinative bacteriology is the Gram stain.  Developed in the late 1800’s by a Danish bacteriologist named Hans Christian Gram, it is the first step used in the process of bacterial identification.  Staining is a process by which chemical dyes are used to impart color to biological preparations so that they can be better visualized under the light microscope.  While many of the stains (general stains) impart color to the entire microscope preparation, and thus increase contrast, some stains (specific stains) chemically bind to specific compounds, giving an added value in their use.  

The Gram staining procedure uses two different stains; colored chemical substances that impart color to biological materials.  The primary stain is a dye called Crystal Violet…it is a dark bluish purple in color. The second stain (sometimes called a “counterstain”) is a red dye called Saffranin.  The stains are applied in a specific order (with some additional substances) in order to impart color to the wall of the bacterium in question.  Bacteria demonstrating the purple color are said to be gram positive bacteria.  Bacteria demonstrating the red color are said to be gram negative.  The gram staining procedure is included below and will be demonstrated with additional explanation in the laboratory. 

THE GRAM STAINING PROCEDURE

1. Heat-fixed bacterial emulsion on a slide.
2. Crystal Violet for 1 minute.
3. Gently rinse with distilled water.
4. Iodine for 1 minute.
5. Gently rinse with distilled water.
6. Gently rinse with 95% ethanol (until color ceases to run).
7. Saffranin for 1 minute.
8. Gently rinse with distilled water.
9. Blot dry (do not rub) with bibulous paper…allow to air dry completely
10.  View up to 40X, add 1 drop immersion oil…view under 100X


It turns out that the gram positive bacteria have a much thicker cell wall than the gram negative bacteria; this is the reason behind the differential results of the Gram stain.
An added value to the Gram staining procedure is that the microscopist can easily determine the morphology (shape) of the bacterial cells under observation.  There are three basic morphologies of bacterial cells:

		coccus (cocci)		spherical
		bacillus (bacilli)	rod-shaped
		spirillum (spirilli)	spiral-shaped

In each case, the scientist can narrow the possible identity of the bacterial species.  For example: a gram positive bacillus might be Bacillus subtilis a common, harmless bacterium, whereas a gram negative bacillus might be Escherichia coli (commonly referred to as E. coli) a common inhabitant of the large intestine.  As a rule, most technicians working in a microbiological lab situation will have a fairly good idea of the probable identity of a particular bacterium with a particular shape and a particular gram stain result.  Obviously, give the fact that there are thousands of species of bacteria, it would be foolish to assume that the Gram stain is the only determinative test to be performed.

So what else can be done to identify a bacterium?  The bacterium can be grown on a plate of solidified media to determine what the colonies might look like (colony morphology).  A colony is a dense growth of thousands of bacterial cells originating from a single cell introduced onto a culture plate.  A culture plate is a shallow covered dish (also called a petri dish), which contains a solidified growth medium.  A growth medium is a mixture of nutrients in aqueous solution that will sustain and encourage the growth of bacteria.  The growth medium is solidified with a gelling agent called agar. Growth media can be concocted to select for certain bacteria (encouraging or discouraging the growth of certain species).  Growth media can also contain substances that will change color indicating specific types of metabolism that might be characteristic of a particular bacterium.  There are many, many different tests that can lead to the ultimate identification of a particular species of bacterium.  There are many guides that list and summarize these tests and their results.  The historically definitive book on the matter of bacterial identification is Bergey’s Manual of Determinative Bacteriology.

A.5. HOW IS STERILITY MAXIMIZED AND CONTAMINATION MINIMIZED IN A BACTERIOLOGICAL LAB?

We have just mentioned culture plates as a means of growing bacteria.  Bacteria can be grown in test tubes, in flasks, in solidified media, or in liquid media.  The one thing that is most critical in working with bacterial is sterile technique.  Bacteria are really small. Bacteria are ubiquitous (everywhere).  Bacterial are potentially dangerous (pathogenic bacteria cause disease).  When working with bacteria, there is always a danger of contamination, which could result in a misidentification, sickness, death, or the spreading of a highly pathogenic for of bacterium.  Sterile technique (or aseptic technique) includes three basic principles and a series of rules to prevent contamination and its associated issues. 





The Basic Principles of Sterile (aseptic) Technique are:

Cleanliness and Sterility.  By keeping the laboratory environment and equipment clean and sterile one limits the microorganisms present to be those of interest only.
Prevention of Contamination.  By minimizing contact between cultures, implements, and personnel in the laboratory environment, one limits the chances that unwanted microorganisms will contaminate the cultures of interest.
		Concentration and Awareness.  Personnel engaged in working in this 		
laboratory environment must be fully concentrating on their tasks 
and must be fully aware of their procedure and the environment 
around them.  It is critical to understand that any one decision made…any one departure from protocol…any one slip in concentration can ruin the results of work being done, can contaminate the work environment and the cultures of bacteria, and can present a serious hazard to the individual and his/her coworkers.


	The Rules of Sterile (aseptic) Technique are:

1. Sterile persons avoid unsterile areas. Unsterile persons should avoid sterile areas.
2. Sterile persons touch only sterile implements. Unsterile persons touch only unsterile implements.
3. Sterile implements should be sterilized as close to the time of use as possible.  
4. Wrappers containing sterile implements are to be considered unsterile after opening.
5. Transfer implements (such as inoculation loops) must be repeatedly sterilized; most critically, in between each transfer event.
6. A sterile field (area where the work is to be done) should be created as close to the time of use as possible.
7. Only the surface of the sterile field is considered to be sterile.
8. Any compromise of sterile barriers will result in contamination.







A.6. WHAT SPECIAL TECHNIQUES OR TOOLS ARE USED WHEN WORKING WITH BACTERIA IN THE LABORATORY?  

In the course of this discussion, we have mentioned test tubes, petri dishes, inoculation loops, microscopes, culture media.  As a rule, many of the other items that are about to be listed are necessary to meet the requirements of sterile technique.  Personnel in an bacteriological lab situation will be wear gloves, hair-covers, shoe-covers, coats/gowns.  

Many of the bacterial species of interest in medical microbiological laboratories are human pathogens and will require higher temperatures to grow.  An incubator is a chamber that is used to maintain preset temperature and (sometimes) humidity to promote bacterial growth in newly inoculated cultures.  


An autoclave will be necessary to sterilize all glass implements as well as to heat kill spent cultures.  An autoclave is a high-tech pressure cooker that will subject its contents to high temperature (generally 1210C) and high pressure (15 psi) for an extended period of time (20 minutes minimum).


B. BACTERIA ACTIVITIES

B.1. OBSERVATION AND DESCRIPTION OF COLONY MORPHOLOGY – IN THE LABORATORY

Procedural Details to be added at a later time…

B.2. OBSERVATION OF PREPARED AND LIVE SLIDES OF DIFFERENT BACTERIAL SPECIES – IN THE LABORATORY

	Cocci
	Bacilli
	Spirilli

	Gram stain slides – gram positive and negative bacteria of various 
cell shapes
	Cyanobacterium (Blue-green alga): Gloeocapsa – a unicellular 
cyanobacterium, live
	Cyanobacterium (Blue-green alga): Oscillatoria – a filamentous 
Cyanobacterium, live


B.3. GRAM STAINING PROCEDURE – IN THE LABORATORY

	Bacillus subtilis gram positive rod (bacillus)
	Staphylococcus epidermidis gram positive coccus
	Escherichia coli (E. coli) gram negative rod (bacillus)

Follow instructor’s example and steps in A.4. above.  Students will also be conscious of basic sterile technique as demonstrated by the instructor.
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