PHYSIOLOGY OF MICROORGANISMS
Colony morphology, cellular morphology, and staining characteristics are important properties used to identify microorganisms.  In addition, a variety of physiological properties are used in bacterial classification.  For example, certain organisms can grow under either aerobic or anaerobic conditions; some have the capacity to ferment specific sugars, to produce H2S from sulfur amino acids, etc.  Other organisms can be identified according to their cell wall and cell surface components, which can be detected by immunologic techniques.   These properties, and many more which you will examine, manifest the particular physiology of different organisms.  In each case they represent the phenotypic expression in a specific growth environment of the particular set of genetic information that defines the species.

Physiological properties of bacteria and their relevant DNA sequences are of interest for reasons other than as a tool to aid in identification.  Rather the biological diversity demonstrated by microorganisms can be generalized to all living forms.  Knowledge obtained by studying bacteria can be applied to understanding more complex organisms.  In a broad sense, all types of cells function in the same manner.

The basic function of a bacterial cell is to assimilate chemicals from its environment so that it can grow and divide.  Some bacteria perform these functions by using only the simplest inorganic chemicals (minerals and carbon dioxide).  A larger group use simple organic molecules from the environment as building blocks for cellular material and as a source of energy.  Many of the microorganisms in this group have adapted to growth within the animal body, and may exist either as harmless symbionts or as pathogens.  Many of the features of bacterial cell structure and metabolism (e.g. exotoxin production, capsule production) are related in some way to their role as disease-causing organisms, and to the ways in which diseases are treated and controlled.

BRIGHTFIELD LIGHT MICROSCOPY
All clinically relevant bacteria are too small to be viewed by the unaided eye.  Therefore an understanding of their morphology depends upon appropriate microscopic techniques.  All forms of microscopy serve to increase the resolving power of the naked eye.  Resolving power is the ability to distinguish two adjacent points as separate entities.  The resolving power of the human eye is 100-200 micrometers (0.1-0.2 mm).  This can be increased as much as a thousand-fold by use of the oil immersion lens of your compound microscope.

Brightfield light microscopy is the form of microscopy in which the specimen appears as a dark object in a bright field of light.  The amount of light passing into the lens system can be controlled mechanically by altering the height of the condenser lens and/or the size of the opening of the condenser iris diaphragm.  In order that the maximum amount of light passes through the specimen, the condenser lens should be raised maximally and the condenser iris diaphragm opened completely.   In general, the lower the magnification factor of the objective lens the less light is required.  When the oil immersion lens is used, the amount of light "captured" is increased by placing a layer of oil between the objective lens and the specimen.  The light emerging from the top of the glass slide on which the specimen rests is normally diffracted sideways as it enters the air space above the specimen; thus, some light fails to enter the objective lens.  The oil that rests in the space above the specimen acts to prevent diffraction, thereby allowing capture of more light.  To clean oil from the oil immersion lens you need only wipe it off thoroughly with a piece of dry lens paper.

GRAM STAINING METHOD
The Gram stain is a differential staining method (invented by a Danish physician named Gram) and is the most generally useful of all the staining procedures employed by the bacteriologist. The reaction typically allows the separation of bacteria into two major categories:  Gram-positive and Gram-negative.

Four reagents are used in a step-wise manner:  the primary stain, crystal violet (a purple-colored aniline basic dye); iodine solution (the mordant); 95% ethyl alcohol or 1:1 mixture of alcohol and acetone (the decolorizer); and a basic dye counterstain easily distinguished from purple, e.g., safranin, (brick-red).

Bacteria which retain the crystal violet dye after decolorization and hence appear purple are termed Gram-positive, while those which do not retain crystal violet during decolorization and hence take on the red color of the counterstain (safranin) are termed Gram-negative.  Some bacteria are actually Gram-variable although a predominant tendency in such species may be shown after several tests have been made.

The appearance, in the microscope, of a fixed bacterial specimen at the various steps in the Gram staining procedure are:
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NOTE:  The age of the culture is an important factor in the Gram reaction.  There is a definite tendency for Gram-positive bacteria to react Gram-negatively during later growth stages. Therefore, it is important that cultures be young (12-18 hours) for satisfactory staining by Gram's technique.

Also, a thick smear may be hard to decolorize; therefore, may see mixture of organisms that look both gram positive and gram negative in an improperly decolorized smear.

Gram Staining Procedure
1.
Clean slides before use, using 95% alcohol in white plastic Coplin jars (marked “for washing slides”).  Dip slides in jar and wipe dry.

2.
Smears should be made within a circle (made with marker) on the glass slide, ground glass side up.

3.
If smears are made from colonies on a solid medium, first place a small “droplet” of water from the water bottle onto the slide (inside the circle), then using a wooden applicator stick, stir in a small amount of a colony.  The larger the water drop, the longer the drying time.  Therefore, it is important to use only a small amount of water to prepare smear.  Just touch slide with water dropper.

The resultant suspension should be BARELY turbid.  Thick stains may not decolorize properly.  Spread this over an area about 1 cm in diameter.  [If fluid media cultures are used, omit water (droplet); smear a loopful of fluid culture in the drawn circle].  The resultant film is allowed to air dry.  NOTE:  Specimen must be completely dry.  
4.
The specimen is then “fixed” with 95% METHANOL.  Slides are placed in jar containing methanol for 2 min (glass jar marked “methanol fix”). [Do not confuse methanol for fixation with alcohol used to clean slides.]   Slide must be dry before continuing.  Can blot gently after fixation to speed drying.

5.
The slide, now held with plastic forceps, is flooded (covered) with CRYSTAL VIOLET solution, for 5-10 seconds; crystal violet is then allowed to run off the slide.

6.
The slide is flooded with GRAM'S IODINE, for 5-10 seconds, which is then allowed to run off the slide.

7.
The slide, being held almost vertically, is washed with ALCOHOL-ACETONE (1:1) until the latter runs colorless from the slide -- about 10-20 seconds.

8.
The slide is flooded with SAFRANIN solution, for 5-10 seconds.

9.
The slide is rinsed with tap water and gently blotted with bibulous paper until dry.  Note that water is used only in this last step.

10.
View slide through the oil immersion lens of your compound microscope.  
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