Biology 212: Cell Biology

                                                                                February 3-5, 2003


Light Microscopy


As you know, cells were first discovered with a light microscope.  Therefore it is appropriate to begin this cell biology course by learning some basic principles of light microscopy and observing cells in their living state.  Each student will get to work with a Zeiss Standard binocular compound microscope -- among the finest available to students at any university.


Today's lab will emphasize the proper use and care of your microscope, biological grade drawings, and three types of light microscopy: bright-field, dark-field, and phase-contrast microscopy.  You will further develop your microscopy skills in the electron microscopy lab next week and in the differential centrifugation lab later in the course.

PRE-LAB  ASSIGNMENT


Read the rest of this handout and the section on light microscopy in your textbook (pp. 738-41).  Answer the questions below in your lab notebook.  Bring to lab: a pen, a pencil with a good eraser, a calculator, and your textbook (in addition to this handout and your lab notebook, of course).

1.  Briefly describe the path of the light as it travels from the microscope's light source to your eye.  What structures does it pass through?


2.  What is the definition of the term "resolution"?  What is the limit of resolution of a light microscope (the numerical value)?  What cellular structures can and cannot be resolved with a light microscope?


3.  How does phase-contrast microscopy differ from bright-field microscopy?


4.  If a drawing is 80 mm and the actual size of the object is 20 (m, what is the drawing magnification?  For this drawing magnification, how long would a scale bar have to be to represent a distance of 10 (m?
HOW  TO  USE  YOUR  MICROSCOPE


A microscope is an expensive precision instrument.  Proper respect and treatment will maximize its performance.

General care

1.  Keep the body of the microscope clean.  Be especially careful when using fixatives, stains, and salt solutions on the slide.  Wipe up spills with a Kimwipe immediately.

2.  Always use a clean slide and cover slip.  This is absolutely necessary if a satisfactory image is to be obtained. 


3.  It is sometimes necessary, in aligning or adjusting the microscope, to remove one or both of the eyepieces.  However, do not leave the ocular tubes open for long periods of time or dust may get into the system.  Always keep the microscope covered when not in use.  Dust leads to dirty optics and a severe decrease in optical resolution.  Dirt in the optical system is, without a doubt, the worst enemy of the microscopist.


4.  Never use anything but lens tissue to clean any of the optical parts of the microscope.  Do not confuse lens tissue with filter paper or Kimwipes; there are profound differences among these types of paper.  Kimwipes may be used to polish the body of the microscope, but they must never be used on any optical parts.


5.  Objective lenses should be used carefully; they are the most important and most expensive part of the microscope ($300-$500 each).  The following cautions should be routine:

a.  Always begin an observation using the 10X objective.  Move from lower power to higher power objectives carefully in order to avoid ramming the objective into the slide, cover slip, or mechanical stage.  Since the objectives are approximately parfocal, one should move to a higher power objective only when the specimen is in focus with the lower power objective.  Constantly observe the objective front lens from the side while rotating the nosepiece.  Use the utmost caution to prevent damage to the front lens.


b.  Never use the coarse focus adjustment while observing the specimen through the "high-dry" (40X) or oil-immersion (100X) objectives.


c.  To clean the front lens of the objective, use a piece of lens tissue moistened with lens cleaner or distilled water; dry the lens with a clean piece of folded lens tissue.  An untrained technician must never use any other cleaning agent.


6.  Use of the oil immersion objective:


a.  Focus on the specimen with the high-dry (40X) objective.  Make sure there is something in focus in the center of the field.


b.  Move the nosepiece to a position halfway between the high-dry and oil-immersion objectives; place a drop of immersion oil on the cover slip.


c.  Carefully move the oil-immersion objective into place and focus with the fine focus adjustment.  The stage may be moved around under the oil-immersion objective.


d.  Once the cover slip has been "oiled" for use with the oil-immersion objective, it is absolutely necessary to remove the drop of oil before re-examining the preparation with dry objectives.  This may mean, in the case of temporary mounts, preparing another 


slide.


e.  You do not need to clean the residual oil from the 100X objective during the lab.  However, at the end of the lab, please do wipe the oil off the front lens of the objective using a piece of lens tissue.  This will prevent oil from getting on the microscope cover and spreading to other parts of the 'scope.

Bright-field microscopy


The most overlooked component of a modern microscope is the condenser.  It is a lens system that focuses the illuminating beam on the specimen and limits the resolving power of most microscopic applications.  The Kohler method of illumination, described below, enables one to adjust the condenser such that an evenly illuminated field is obtained (no hot or dark spots).  A few seconds spent properly adjusting the condenser will greatly improve the resolving power of the microscope and is absolutely necessary for many of the more sophisticated techniques.


1.  Clean the lenses with lens paper and lens cleaner.  Wipe the condenser lens with dry lens paper.  Dust and fingerprints will produce fuzzy images.


2.  Turn on the lamp transformer to a low setting (l.5 V).


3.  Locate the specimen using the 10X objective and bright field microscopy.  The auxiliary lens should be in place and phase annulus should be out of the light path.  Focus on the specimen.


4.  After you have located and focused on the specimen, set up Kohler illumination by following these steps:

a.  Completely open the iris diaphragm and completely close the field diaphragm.  (Be sure you've correctly identified the diaphragms or you won't really be setting up Kohler illumination.)

b.  Using the condenser knob (be careful not to grab the focusing knob by mistake), lower the condenser until the outline of the field diaphragm forms a sharp-edged hexagon.  Both the hexagon and the specimen should be in sharp focus.  (The hexagon is simply an indicator of how well the illuminating beam is focused on the stage.)

c.  If the hexagon is off-center, use the two adjusting screws to center the condenser so that the hexagon image is exactly centered in the field of view.

d.  Open the field diaphragm until its shadow just disappears from the field of view.  This reduces the amount of light (and heat) striking the specimen and reduces dehydration of the specimen.


5.  Adjust the image contrast with the condenser diaphragm.  Do not use it to cut down light intensity; this should be done at the transformer or with a neutral density filter.  For best resolution, this should be fully open or closed down just far enough to remove the glare from important portions of the specimen.


6.  The other objectives (3.2X, 40X, 100X oil) may now be used.  Make certain to properly adjust the field and condenser diaphragms.  In addition, the 3.2X must be used with the condenser auxiliary lens out of the optical path, and a drop of oil must be placed between the cover glass and 100X oil objective front lens.

Dark-field microscopy (3.2X, 10X only)



Adjust as for bright-field microscopy, then swing in the phase-contrast annulus and remove the auxiliary lens.  Light now strikes the specimen as a hollow cone of light with an angle too large to enter the objective.  The only light that enters the objective is scattered light from particles in the specimen. 

Phase-contrast microscopy (40X only)



A specimen can be viewed under phase contrast if it is first properly adjusted as in bright-field microscopy at 40X.  Rotate the condenser auxiliary lens out of the light path.  If the condenser phase annulus is now swung into position and is coupled to a phase-contrast objective (40X, Ph2), the specimen will be viewed in phase contrast.  

Summary settings for various viewing conditions

	Component
	Bright-field
	Dark-field
	Phase-contrast

	objective lens
	3.2X, 10X, 40X, 100X
	3.2X, 10X
	40X

	auxiliary lens
	yes
	no
	no

	phase annulus
	no
	yes
	yes

	diaphragms
	closed enough for good viewing
	open
	open


BIOLOGICAL  GRADE  DRAWINGS



A time-tested method for recording microscopic observations is that of drawing.  Biological drawings are made in a particular fashion, which is the only way some observations may be published (e.g., if photographs are not accepted).  Biological drawings are also used alongside photographs to enhance interpretation of the photographs.  Finally, drawing is a useful exercise because it forces you to look carefully at your samples for an extended period of time.



Biological drawings are line drawings in which lines are only used to outline distinct structures (cells, organelles, organs).  Contrast and texture, as observed by the microscopist, are added using stipples -- shading is not allowed.  In addition, the drawing must be labeled using only horizontal lines that do not cross and just touch the object to be indicated.  The process is time-consuming, but excellent results are obtained.  



Letters may be done freehand but must be neatly printed and uniform in size.  Similar letters should be used to note the title of the plate, the date,  the artist, the viewing conditions (bright-field, dark-field, or phase-contrast), the staining (if any), the magnification used in observing the specimen, and the magnification of the drawing.  See the sample below.
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The magnification of the object by the microscope (the observing magnification, which relates to the image you see in the microscope, not the size of the drawing) can be calculated by multiplying the magnifications of the objective and ocular lenses.  To determine the actual size of the specimen being viewed, you can use the ocular micrometer (once it has been calibrated -- see below) to measure the dimensions of the specimen directly.



The drawing magnification specifies how much the drawing is magnified relative to the actual size of the specimen (i.e., how much larger is the drawing than the real cell?).  While the observing magnification allows you to see increased detail, it does not determine the drawing size and should not be used in calculating the drawing magnification.  



The scale bar allows an observer to estimate the "real" size of objects on your drawing.  The scale bar should represent a round number such as 10 (m.  The drawn length of the scale bar should be calculated using the drawing magnification, not estimated from the drawing.

TODAY'S  PROCEDURE 

Record the number of the microscope and booklet assigned to you.  Carefully examine the microscope and learn the various parts.  Check the general cleanliness and mechanical operation and wipe the optical components with lens paper.



Obtain a stage micrometer and calibrate your ocular micrometer for the 10X and 40X objectives.  Record these calibrations and use them for determining cellular dimensions in all your work with the microscope.  (This can be done first or after completion of your drawing -- gauge the demand for stage micrometers and proceed accordingly.)

Recording your observations


The instructions below will guide you through the process of examining a cheek epithelial cell with bright-field, dark-field, and phase-contrast microscopy.  You will need to take detailed observation notes in your lab notebook.  For each viewing condition (bright-field, dark-field, and phase-contrast microscopy), start by describing the appearance of the cells and background.  What is the size of the cells?  Then try to identify and describe specific cellular structures.  Are you able to see the plasma membrane, nucleus, cytoplasm, endoplasmic reticulum, Golgi, and/or ribosomes?  Compare what you see with the depictions in Figures 1.9c and 1.11 in your textbook.  Record the sizes of any cellular structures observed. 

Making and viewing a fresh mount specimen (wet mount)


Using a clean slide and cover glass (clean with soap, rinse thoroughly with water, and dry with Kimwipe), mount a few epithelial cells scraped (gently!) from the inside of the cheek with a toothpick.  Place the cells in a small drop of water.  Gently cover with a cover glass (slowly so as not to trap air bubbles), and set up for bright-field microscopy (see above).  Have your TA or instructor check to see that you have obtained the best possible viewing conditions.  (Be sure to set up Kohler illumination!)


Examine the epithelial cells at both 100X and 400X and record your observations in your lab notebook.  


Two other methods for improving the observation of living specimens are dark-field and phase-contrast microscopy.  Consulting the relevant sections of this handout, examine the cheek cell preparation using dark-field and phase-contrast microscopy.  Have your TA or instructor check your dark-field and phase-contrast conditions.  Compare the cheek cell images obtained with each technique.  What structures can and cannot be seen with each method?


Prepare a drawing of a cheek cell at 400X magnification using phase-contrast microscopy according to the above-mentioned instructions for biological grade drawings.  It would be wise to have your TA check your drawing and give you pointers as you prepare the drawing -- the TAs are instructed to be very particular in grading the plates.

POST-LAB  ASSIGNMENT


Turn in all duplicate pages from today's lab.  Be sure that you have included detailed observations for all viewing.  Finish your work by briefly summarizing the main characteristics of each type of microscopy.  In general, what features are emphasized by each type?


Turn in your drawing -- review the instructions and sample for biological grade drawings to be sure the drawing is completely labeled and meets the requirements.
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