Basic Microscopy Techniques
While I know that all of you have used microscopes before, good techniques for microscopy are rarely taught.  When viewing a specimen under the microscope, following these steps will help you get the best view:

1.  Clean your slide, stage, objective, and eyepieces with a lens wipe to remove dust.
2.  Always begin with the smallest (4X) objective.

3.  Put your specimen on the stage, centering it under the objective using the x- and y-axis knobs.

4.  Adjust the width of the eyepieces to fit your eyes comfortably.

5.  Use the coarse focus to bring the object into view.

6.  Adjust the light.


a.  Adjust light intensity with the control knob.


b.  Adjust the condenser to the field of view using the field iris diaphragm ring.

c.  Center the light from the condenser using the screws.


d.  Adjust the diaphragm to the needed light focus.

7.  Fine focus.


a.  Close your left eye and use the fine focus knob to get a clear image in the right eyepiece.


b.  Close your right eye and adjust the focus in the left eyepiece.

8.  Increase the magnification if necessary and then readjust focus and light requirements as needed.  

Do not use the oil immersion lens without oil!
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Microscopes improve both magnification and resolution of an image.  These two effects are often confused, but both are important in examining microscopic organisms. If one of these is good, but the other is not, you will not see much detail in your specimen. Please define these terms and become clear in your own mind of the difference between these related phenomena.

Magnification:

Resolution:

The limit of resolution of a naked eye is ~0.1mm, that of a high quality microscope ~0.2μm.  
Exercise 1.1 Using the microscope with the  x4- x40 lenses 

1. Obtain a prepared microscope slide with the letter e. Place the slide on the stage and ensure that it is locked in place with the slide holder. 

2. Rotate the condenser focusing knob to move the condenser to its highest position of travel. Although there is an ideal location for the condenser, the correct position of the condenser will vary slightly for each objective. Unless directed otherwise, it will not be necessary to move the condenser during any of the intended uses in this course. 

3. If, however, you wish to find the ideal location, focus the microscope on any portion of a slide, and then simply close down the condenser aperture and move the condenser until you have a sharply focused view of the condenser aperture (usually with a slight blue hazy edge). If you do this, you can then open the aperture until it just fills the field of view (different for each objective). This is the correct location and use of the condenser and aperture and the condenser should not be moved from this position. Never use the condenser aperture for control of light intensity. Control of light intensity is the purpose of the variable rheostat (dimmer switch, or voltage regulator) on the light source. 

4. Turn on the microscope by rotating the dimmer switch and adjust the light intensity to a comfortable level. Be sure that the condenser aperture is open if you have not set it as directed in the previous paragraph (slide the condenser diaphragm lever back and forth to check). 

5. Looking down into the microscope, adjust the eyepieces to your interpupillary distance and diopter. Many microscopes simply require pushing the eye tubes together or apart directly. Move the eye tubes back or forth until you see one uniform field of view. The first time you use the microscope, adjust the eyepieces for your personal comfort. Note that modern microscopes have HK (high eye point) eyepieces and consequently you need not remove eyeglasses if you are wearing them. Quite the contrary, they should be worn to prevent eyestrain while you constantly shift from looking through the microscope to reading the lab manual. 

6. Begin by focusing the microscope on any object within the field of view. 

7. Find a suitably contrasty location in the center of the field of view and close your left eye. Using the coarse and fine adjustments, focus until you obtain a sharp image with your right eye only! 

8. Now close your right eye and adjust the focus of the left eyepiece by rotating the diopter adjusting ring located on the left eyepiece. Do not readjust the focus of the left eye with the coarse or fine adjustments of the microscope - use the adjustment ring on the eye tube. 

9. All subsequent uses of the same microscope will involve use of the coarse and fine focus adjustments, without reference to the procedures in step 2. That is, step 2 need only be performed once at the beginning of your lab. It may, of course, be checked periodically if desired, and will need to be readjusted if someone else uses your microscope. 

10. Always begin focusing the microscope with the 10X magnification. Even if you are going to use the 100X, it is more efficient to begin with the 10X and then move up to the power desired. The objective lenses are parfocal, which means that if one is focused, each of the others is approximately in focus when revolved into position. 

11. With the slide in place, rotate the coarse focus control until the slide is as close to the 10X objective as possible. Move the stage manipulators until a portion of the slide is directly under the objective and focus carefully on the object in view. After adjusting the focus at 10X, center the object to be viewed, and rotate the nosepiece to the next highest magnification. Use the fine focus control only once the 40X or 100X objectives are in place. 

12. Manipulate the fine focus to obtain the sharpest image. During use of the microscope, one hand should remain on the fine focus as constant readjustment will be called for. Use the other hand to manipulate stage movements. Note that the microscope is typically designed so that one revolution of the fine focus knob raises or lowers the microscope stage 0.2 mm. This permits direct readings on the fine focus knob scale to 0.002 mm (2 microns) and can be used to determine the thickness of materials being examined. 

13. Return to the 10X objective and move the slide around until you locate the letter e in the view. Note the orientation of the letter e on your slide and in the field of view. 

14. To use the 40X objective, center the object you wish to view (the 40X will have a smaller field of view) and rotate the objective turret (referred to as the nosepiece) to bring the 40X objective into position. Is there any change in the orientation of the letter e? 
Exercise 1.2 Using the x100 Oil Immersion Lens

Materials: 

Microscope equipped with 100X, oil immersion lens 

Immersion oil 

Prepared slide of bacteria or suitably small objects 

Procedure: 

1. Place the prepared slide on the microscope stage. Using the 10X objective, focus the microscope on an appropriate field containing bacteria. Center the bacteria in the field of view, by manipulating the lateral movement knobs. 

2. Rotate the nosepiece to the 40X objective and refocus with the fine focus. Again, center the object, which you wish to examine. 

3. Rotate the nosepiece so that an intermediate position between the 40X and 100X objectives is obtained. 

4. Place a small drop of immersion oil on the center of the viewing area of the slide. 

5. Continue to rotate the nosepiece so that the 100X objective is rotated into the oil. 

6. Do not under any circumstances place the 40x objective in the oil 

7. Use only the fine focus and refocus your specimen. 

8. Determine the shapes of the bacteria and draw them in the place provided. 

9. Immediately after using the oil, remove any residual oil from the slide and from the front of the 100X objective by gently rubbing with lens paper dipped in xylol, toluene, or better, a xylol substitute designed for this purpose. 

Nearly all organic solvents, and especially xylol and toluene, are potentially hazardous. They are flammable and readily enter the boddy by direct absorption through the skin or lungs. Consistent high exposure to thses solvents has been linked with liver damage and potential carcinogenesis. Use all solvents sparingly when needed and always in a well- ventilated area. 

Once oil is placed on the slide, the 10X and 40X objectives will no longer be useful until the oil is removed. The oil will blur any image attempted with the lower magnifications. Use oil only when necessary and after completing all work at the lower magnifications. In order to return to work at the lower magnifications, the slide must be completely cleaned of any residual oil and dried. For this reason, oil immersion is employed only when necessary and only after thorough observations at the high dry magnification (40X). 
Exercise 1.3 Calibrating your microscope.

Materials: 

Microscope 

Ocular micrometer 

Stage micrometer 

Millimeter ruler 

Prepared slide with letter e 

Procedure: 

1. Place a stage micrometer on the microscope stage, and using the lowest magnification (40X), focus on the grid of the stage micrometer. 

2. Rotate the ocular micrometer by turning the appropriate eyepiece. Move the stage until you superimpose the lines of the ocular micrometer upon those of the stage micrometer. With the lines of the two micrometers coinciding at one end of the field, count the spaces of each micrometer to a point at which the lines of the micrometers coincide again. 

3. Since each division of the stage micrometer measures 10 micrometers, and since you know how many ocular divisions are equivalent to one stage division, you can now calculate the number of micrometers in each space of the ocular scale. 
4. Repeat for 100X, 400X, and 1000X. Record your calculations below. 

	Value for each ocular unit at 40X
	

	Value for each ocular unit at 100X
	

	Value for each ocular unit at 400X
	

	Value for each ocular unit at 1000X
	


5. Using the stage micrometer, determine the smallest length (in microns), which can be resolved with each objective. This is the measured limit of resolution for each lens. Compare this value to the theoretical limit of resolution calculated on the basis of the numerical aperture of the lens and a wavelength of 450 nm (blue light). 

6. Using the calculated values for your ocular micrometer, determine the dimensions of the letter e found on your microscope slide. Use a millimeter ruler to measure the letter e directly and compare with the calculated values obtained through the microscope. 

Notes 

To measure an object seen in a microscope, an ocular micrometer serves as a scale or rule. This is simply a disc of glass upon which equally spaced divisions are etched. The rule may be divided into 50 subdivisions, or more rarely 100 subdivisions. To use the ocular micrometer, calibrate it against a fixed and known ruler, the stage micrometer. Stage micrometers also come in varying lengths, but most are 2 mm long and subdivided into 0.01 mm (10 micrometer) lengths. Each objective will need to be calibrated independently. To use, simply superimpose the ocular micrometer onto the stage micrometer and note the relationship of the length of the ocular to the stage micrometer. Note that at different magnifications, the stage micrometer changes, but the ocular micrometer is fixed in dimension. In reality, the stage micrometer is also fixed, and what is changing is the power of the magnification of the objective. 

Exercise 1.4 Investigating the Cell Boundary

Obviously any cell has a boundary with the environment. The boundary of a plant cell might be structural or functional or both. If the boundary is structural we might expect it to exhibit strength. 

Following the instructor's directions, make a freehand section of a Forsythia stem. Prepare your own wet mount and observe. This means make a quick sketch of the overall tissue showing regions with obviously different cell types and noting the colors.
Remove the coverslip from your wet mount. Blot the stem section dry with a bit of paper towel. Add one drop of 5% (EtOH) Phloroglucinol, let stand 30 seconds, add one drop of 9N HCl, replace the coverslip and observe over the next 10 to 15 minutes; make a sketch and record observations. 

You now have some experience with artificial colors in the microscope and you also have done a chemical test. It turns out that Phloroglucinol causes a color reaction in chemicals which have a particular chemical structure. One chemical which has the correct structure to cause a reaction is lignin. 
Knowing the Phloroglucinol reacts with lignin, would you expect Phloroglucinol to produce similar results in herbaceous stems?  Go out and find some other stems, herbaceous and woody, and experiment with this.  Record your observations.
Lignin has been shown to be a component of cell walls, especially secondary walls of wood cells, and along with cellulose these two components make wood very strong. The cell walls of wood cells provide the strength in the wood of a chair to hold your weight up against the force of gravity. 
N.B.: Note that not all cells in the Forsythia stem possessed large amounts of lignin! Cells are not all the same even in the walls! 
Exercise 1.5 The Cell Membrane 

Another part of the boundary is a cell membrane that textbooks tell you is made of a phospholipid bilayer. Since plant cells have a cell wall, the membrane is not visible unless we pull it away from the wall slightly. Conveniently, the rigid cell wall therefore serves as a marker to show us when we have effectively altered the size of the cell membrane. 

Make a wet mount of an Mnium (moss) leaf and observe (sketch) the form of leaf cells in distilled water. Save the mount for later comparison. 
What should happen to cells in a hypertonic solution?     

What should happen to cells in a hypotonic solution?     
Make another wet mount of Mnium leaf but this time using 6% sodium chloride. After observing for two minutes, compare the cells in the salt solution with those in distilled water by recording the relative sizes and position of the membranes. Make a conclusion about whether the cell membrane was permeable to water or permeable to ions. 

Treatment  
Membrane Size  


Membrane Position Relative to Cell Wall  

6% NaCl  
larger / smaller  than in 0% NaCl  
up against / separated from  the wall  

0% NaCl  
larger / smaller  than in 6% NaCl  
up against / separated from  the wall  

Record your observations in your lab notebook.  Why did we not observe enlargement or bursting of the cells in distilled water? 

We have observed cell membranes and cell walls in plants. One boundary layer is rigid and static, the other flexible and dynamic. A cell is more than its boundaries; it also must have something inside... 
Exercise 1.6 Cellular Organelles

Examine the interior of the cells of a fresh Mnium leaf. There are several obvious internal structures (organelles). What color are these obvious structures?    

What chemical is most likely observed?    

What chemical process is carried out in these organelles?    

What is the organic product of this chemical process?    

What is the macromolecule polymer of this product?    

We could take these textbook observations as facts, but as scientists we would be more convinced after testing their validity. To prepare ourselves for this test we need one more observation. 

On another microscope slide place a tiny amount of corn starch, add a drop of water and observe the starch grains. Apply a drop of iodine (I2KI = 5% I2 and 10% KI) stain to the edge of the coverslip and draw it under the coverslip. 

What color does iodine produce in combination with starch? 

With these observations in mind, use the scientific method to verify the function of the obvious internal structures of a Mnium leaf. 

Most mature plant cells have a distinct cell wall, some thin and others thick. Cells of leaves have chloroplasts, but do all plant cells have chloroplasts? Your instructor will demonstrate how to make a peel of a leaf epidermis from a plant called Rhoeo discolor. The upper epidermis of the leaf is essentially transparent but the lower epidermis is quite purple. Make a wet mount of the upper and lower epidermal layers peeled from this leaf and observe (sketch) for comparison. The kidney-shaped cells common in the purple lower epidermis peels are called guard cells. The other cells of the epidermis are simply common epidermis cells. Try to answer the following questions through observation and/or experimentation: 
· Are there any natural openings through the epidermal layer you have peeled off?

· Do any openings occur in a particular location?

· Compare the contents of the common epidermis cells and the guard cells.

· Can you tell whether the purple pigment is contained in a particular cellular compartment?

· Can you observe the cell nucleus in either cell type? (adjust the iris diaphragm!)

Together, the cell wall, the chloroplasts, and the large vacuole you have observed are three very distinct cell structures lacking in most animals and many fungi. Most of the other cell structures (nucleus, mitochondria, endoplasmic reticulum, ribosomes, Golgi bodies, etc.) are common to all eukaryotic cells including plant cells. 

You have now observed some of the major organelles of a cell, but you might not have observed mitochondria. It seemed easy to locate cell walls using a stain for lignin, to find the chloroplast by staining for starch. The mitochondrion is more difficult to observe: it is smaller than nuclei or chloroplasts and lacks colorful organic chemicals. It is, of course, the powerhouse of the cell and therefore must have enzymes which release the energy stored in organic molecules. Perhaps we could stain for the special enzymes of the energy pathway. 

0.15%(aq) methylene blue is known to change color in the presence of electrons and hydrogen ions. The respiration pathway includes enzymes such as succinate dehydrogenase which liberate electrons and hydrogen ions. Thus methylene blue might reveal mitochondria to our microscopic probe. 

Mount a fresh upper-epidermis peel of Rhoeo in 0.5% methylene blue and observe (sketch) immediately and over the next several minutes. Look closely in clear areas between any chloroplasts...mitochondria are SMALL!   Don't forget to make comparisons between control and treatment! 
Exercise 1.7 Chromosomes

In most cells, DNA is in chromatin form and kept within the nucleus.  However, in actively dividing cells (i.e., mitotically active) the DNA is wound up into more visible chromosomes.  We will examine the chromosomes and mitotic stages of some actively dividing cells in onion root tips.

Materials:

Carnoy’s fixative (1:3 HOAc:EtOH)

1N HCl

Schiff’s Reagent

45% HOAc

Freshly sprouted onions

Eppendorfs

Pasteur pipets

60 (C Waterbath

microscope slides

razor blades

cover slips
Wednesday before lab
1. Cut off the last 6 mm (1/4 inch) of root tip from sprouting onions.  Place 4 of them in a labeled Eppendorf tube.  

2. Add 1 ml Carnoy’s fixative and make sure that all tips are immersed.

3. Close tube and incubate for 24 hours.

Thursday in lab
1. Remove your root tips from the Carnoy’s fixative and immerse in a new tube filled with 1 ml 1N HCl.  Incubate for 12 minutes at 60oC.
2. Remove the HCl with a Pasteur pipet and discard in the drain with running cold tap water.

3. Add 0.5 ml Schiff’s Reagent.  

4. Let the root tip stain in Schiff’s for about 10 minutes, or until the very tip of the root shows distinct dark coloring.

5. Put one drop of 45% HOAc on the slide.  

6. Place the root tip in the HOAc on the slide.  With a scalpel or razor blade, remove all but the red-stained very tip of the root.  

7. Add the cover slip on top of the root tip.

8. Place the slide on a white piece of paper on your bench.  Tap gently and straight down with the eraser of a pencil until the stained tip is spread out to a faint purple monolayer.  Do not smear the coverslip sideways – this will shear the chromosomes.
9. Examine your spread under the microscope at low power to ensure that the cells are spread to a monolayer.  If not, squish the coverslip some more.

10. Once you have spread your cells into a nice monolayer, switch to oil immersion.  

11. Spend some time identifying the different stages of the cell cycle visible in your root section squashes.  Illustrate examples of interphase and each mitotic stage (prophase, metaphase, anaphase, and telophase).  
12. In your root tip sections, identify the stage of the cell cycle for 50 random cells (in several different viewing fields).  Add your data to the table below.

13. To increase your number of data points, pool your data together with the rest of the class.  Then, estimate the percentage of time the onion root tip cells spend in each different stage of the cell cycle.  

Your lab notebook should contain drawings of cells in the different stages as well as numbers of cells (from your own counts as well as the entire class counts) in each stage.  Estimate the proportion of time onion root tip cells spend in each stage.  Would you expect mature onion cells away from the root tip to show similar results?  Why or why not?
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