Lab 3:  Cellular Morphology and the Microscope


Laboratory Three:  Cellular Morphology and the Microscope
In lab two you learned that there were two types of morphology associated with single-celled microorganisms: cellular and colonial morphology.  You also learned how to describe the colonial morphology.  Now it is time to learn the cellular morphology of microorganism and about microscopy.   

A microscope is typically required to view the cellular morphology of microorganisms.  The compound light microscopes are most frequently used by microbiologists for observing cells.  The four commonly used varieties of light microscopes are the brightfield, phase contrast, fluorescent and the dark field.  More advanced microscopes can also be used to view more details associated with cells and structures.  These include the scanning and transmission electron microscope, atomic force microscope, and the confocal laser microscope.  This laboratory is going to focus on the compound light microscopy techniques and specifically the brightfield and phase contrast.  
All light microscopes utilize the same basic principle.  Light is produced by a light source and it is focused into a specimen on a glass slide.  An image is produced as light is diffracted by the specimen.  The image is magnified by a series of lenses, focused and sent to the eye.  Magnification refers to an increase in the apparent size of the object displayed by the microscope and resolution refers to the ability to discern two objects as separate and distinct.  Most light microscopes have a limit of magnification of 1000X.  Lenses that focus light are not capable of producing a clear image of an object with high resolution when the object is magnified higher than 1500X.  When the magnification produced by a light microscope approaches 1500X the resolution is often too low to produce a reliable image.  This is due to the fact that glass or quartz lenses cannot gather enough light to produce a clear image.  The ability of a lens to gather light is called its numerical aperture.  Quality resolution is dependent on two things:  the wavelength of the light (λ) and the numerical aperture (NA) of the lens.  A simple formula applies when determining the smallest diameter (SD) of an object that is resolvable by a lens:  

SD=0.5λ/NA
You should try to remember these rules of thumb:

· The higher the numerical aperture of the lens the greater the resolving power of the lens.  

· Higher power lenses need to have a higher numerical aperture to produce resolvable images.  
· The smaller the λ of light the better the resolving power.  Because of this most light microscopes use a blue filter over the light source or condenser.  

· The smallest object that can be easily discerned by a light microscope is 0.2 μm.  

Most microscopes have several different objective lenses and one ocular lens (see picture on page 74).  Four common objective lens are 4X, 10X, 40X and 100X.  The ocular lens is usually fixed at 10X.  The total magnification of an image is dependent on the magnification of the ocular and objective lenses.  For instance, when using the 4X lens to view a specimen the total magnification would be 40X.  
Most 100X lenses are special lenses called oil immersion lenses.  When viewing a specimen at a total magnification of 1000X, the 100X objective lens often has difficulty gathering the light coming from the specimen.  As light exits the glass slide it bends when it reaches the air and often bends away from the objective lens.  Immersion oil has the same refractive index as glass.  When using oil the light will exit the glass slide containing the specimen and will travel through the oil at the same speed as it was traveling through the glass and will not bend.  This allows more light into the 100X lens and produces a much clearer image (increases the resolution of the 100X lens).  It is always recommended to use oil with oil immersion lenses to have maximum resolution.  Oil should not be applied to other lenses as it can damage them.  
The brightfield microscope is used to view specimens that have contrast or color associated with them.  Most cells have to be killed, fixed to slides and stained prior to viewing them using the brightfield scope.  Phototrophs that have pigments do not need to be stained.  White light generated by the light source is focused by the condenser and passed through the colored specimen on the slide.  The image produced by the specimen is then magnified by the lenses and appears to the user as a darkened specimen against a bright background.  

Besides the lenses, brightfield microscopes have several parts.  You should review the parts of the scope using page 74 in your book and observing table 1 below.  

Table 1.  Parts of the Brightfield Microscope and their Function

	Part
	Function

	Ocular lens
	Magnifies the image 10X.

	Nosepiece
	Contains the objective lenses.

	Objective lenses
	Magnifies the image 4, 10, 40 or 100X.

	Stage
	Holds the slide and usually has clips to hold slide stationary.

	Diaphragm
	Adjusts the amount of light to the lens.

	Condenser
	Focuses light into the specimen.

	Light Source
	Produces and adjusts the intensity of the light.  

	Rheostat
	Adjusts the intensity of the light.

	Course focus
	Focuses image when using the 4 and 10X lenses.

	Fine Focus
	Focuses the image when using the 40 and 100X lenses

	Mechanical Stage Adjuster
	Moves the slide on the stage


While learning the parts you should also use a sample slide to work through the steps of focusing and using the brightfield microscope (pages 75-83).  
The phase contrast microscope was invented in 1936 by Frits Zernike.  It is very similar to the brightfield microscope.  White light is used to produce the image and the lenses are the same and most of the structures are the same.  The phase contrast scope can be used to view specimens that are transparent and is especially useful to view live cells.  The phase contrast microscope has one part that the brightfield scope lacks and that is the phase ring.  This ring can be used manipulate the light to produce an image from a transparent specimen.  
To understand how a phase contrast scope works it is important to recall the properties of light.  When light passes through a colored object the rays emerge with diminished amplitude, thus producing an image that is dark against a white background.  When light passes through a transparent object most of the light emerges with the same amplitude and images are “washed out.”  After light passes through a transparent object it emerges as either direct or diffracted rays.  Direct rays are those that pass straight through the specimen with no change in amplitude or wavelength and diffracted rays emerge from the object with the same amplitude, but the wavelength (λ) is ¼ less than the λ of the direct rays.  The phase ring works to create an image by reducing the wavelength of the direct rays by ¼ so that the direct rays will be brought into coincidence with the diffracted rays.  When this occurs the amplitude of the combined rays (direct and diffracted) will increase, thus producing a bright image against a dark background. 
In this laboratory you will use a brightfield scope to view dead cells that are stained.  You will view prokaryotic cells (please review the various morphologies possible with prokaryotic cells) and eukaryotic cells.  Your instructor will give you a list of slides that you will view and be required to identify.  You will also use a phase contrast scope to view live cells.  

Learning Objectives:
After completing this laboratory the student should be able to
1. Focus brightfield and phase contrast microscopes effectively to view various cells

2. Identify select eukaryotic microorganisms based on cellular morphology.

3. Identify various prokaryotic cellular morphologies.

4. Describe how phase contrast and brightfield microscopy works.

5. Describe the meaning of the term resolution and magnification.  
Day 1-2
Observing specimens with brightfield microscope.  
1. Use pages 75-83 to view the slides indicated by your instructor.  Draw sketches of each organism in your lab journal at the appropriate magnification.  Use your brightfield scope to view these specimens.  
Observing specimens with the phase microscope.  

1. Use pages 84-86 to prepare a live specimen to view using the phase contrast scopes.  Pair up with another person.  One person should make the pond water slide and the other should make a slide with the culture BM.  Use the phase scope to view these specimens.  
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