Lab 1a
THE MICROSCOPE
The microscope is a major tool of biologists. Without the microscope the cell theory would not have been developed, and we would lack most of our present knowledge of living things too small to be seen by the unaided eye. 


This exercise has been designed to familiarize the student with the use and care of microscopes and to acquaint you with some of the varieties of plant and animal life that you will be able to see with the microscope.


There are many kinds of microscopes in use today with a wide range of magnifications from as low as 2 or 3 to over 100,000. In this laboratory you will be using two kinds of microscopes: the compound microscope with magnifications from 100 to 430 and the stereoscopic dissecting microscope with magnifications ranging from 2 to 60.

THE USE AND CARE OF THE COMPOUND MICROSCOPE

The microscope is a precision instrument and should be treated accordingly. It may appear to be indestructible, but in reality the slightest jar may damage its working parts and optical system. Handle the microscope carefully at all times; repairs are costly and may require that the instrument be returned to the factory. Your instructor will demonstrate the proper care and use of the microscope.

Using the description on the following pages, identify the indicated parts of the compound microscope.
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 Figure 1.
Compound Microscope

1.  PARTS OF THE MICROSCOPE

After removing the microscope from the cabinet, place it on the table in front of you so you look at the side profile. As you examine the instrument, refer to Fig. 1 for help in locating the various parts described.

The compound microscope is made up of a series of lenses that magnify objects that are beyond the range of ordinary vision. These lenses are located in the OCULAR, or eyepiece, and the OBJECTIVES. A microscope may have one ocular-a monocular microscope-or it may have two oculars-a binocular microscope. The ocular and objective are kept a set distance apart by the BODY. Note that there are at least two objectives, attached to the body tube by means of a revolving NOSEPIECE. Cautiously turn the nosepiece, taking care that the objectives do not hit the STAGE. How can you tell when the objective is correctly lined up with the ocular?     Note that the objectives differ in length. The smaller one is the low-power objective (green band), as contrasted to larger, high power objective (yellow band). 


Movement of the body tube up and down enables you to focus the microscope. With the low-power objective in position turn the course adjustment knob one full turn in a clockwise direction. Does this raise or lower the tube body? 






           

Approximately how far did it move? 









In a similar manner turn the fine adjustment knob. In contrast to the coarse adjustment, how far did it move this time? 











PROPER USE OF THE MICROSCOPE DICTATES THAT THE COURSE ADJUSTMENT NOT BE USED WHEN THE HIGH-POWER OBJECTVE IS IN POSITION



In the center of the stage locate the opening through which light passes from a lamp. An IRIS DIAPHRAGM, located below the stage, may be opened or closed, thereby regulating the amount of light entering the microscope.


The ARM of the microscope is attached to the base upon which the microscope stands. When carrying the microscope, one hand should grasp the arm and the other hand should support the base in order to prevent any possibility of dropping the instrument. 

2.  USING THE MICROSCOPE

Clean lenses are necessary for a clear view of your specimen. NOTHING SHOULD TOUCH THE MICROSCOPE LENSES EXCEPT SPECIAL LENS PAPER.


Develop familiarity with your microscope by looking at a prepared slide of a letter “e” or some other object.

a. First click the lowest power objective into position.

b. Then use the course adjustment to raise the ocular as far as possible.

c. Place the slide (oriented so that you can read the letter “e” properly) on the stage and position the letter over the hole in the stage.

d. Now look through the microscope and adjust the diaphragm lever so that enough light is coming through to make the field bright. In what direction do you move the lever to increase the amount of light?




e. Watch the objective lens from the side and turn the course adjustment until the lens almost touches the slide.

f. Now look into the ocular lens of the microscope and slowly turn the course adjustment in the opposite direction so that the objective lens rises away from the slide.

g. Continue turning until the letter “e” comes into focus.

h. Finish focusing with the fine adjustment knob. Does the letter “e” appear normal or upside down?





i. Move the slide a tiny bit away from you while observing the object in the microscope. 

      Does it move away from you or toward you?



                                             

j.   Move the slide back and forth and note that the inverted image always                                                           

     moves in the direction opposite to the direction in which the slide is moved.

When you change objectives to increase the magnification, the FIELD OF VIEW will be SMALLER as the magnification increases. As you take a closer look under greater magnification, you can see less area at one time.

As the field of view becomes smaller, the DEPTH OF FIELD also DECREASES. The thickness of the part of the specimen in focus is larger under low power, so it is easier to focus using the course focus. Only a thin layer is in focus when you use high power, so fine focus adjustment is critical. By focusing up and down you can view different parts of a single cell or different cell layers. 

Your microscope has a feature called “parfocal” which means very little focusing is required going from low power to high power. 

a. Center the image in the middle of the field of view.

b. Move the high power lens into position, making sure that it clicks in correctly; you may have to focus a little with the fine focus adjustment knob but do not touch the coarse focus adjustment; you may also have to increase the amount of light in order to have a clear view.
c. Ask your instructor for help if you are having trouble.
d. When you have finished viewing the letter “e” and are ready to go on, return the coarse adjustment knob to move the objective away from the slide.
COMPUTING MAGNIFICATION

The ocular lens on your microscope gives 10X magnification of the image made by the objective lens. The objective lens magnifies the object 10X or more, so the total magnification is the magnification of the first lens times the magnification of the second lens. The magnification of the objective lens may be 10X and 43X. Fill in the magnification of the objective lens of your microscope and the total magnification. (LPM – low power magnification,  HPM – high power)

	OCULAR
	OBJECTIVE
	TOTAL MAGNIFICATION

	10X
	                 X
	                                X   LPM

	10X
	                 X
	                                X   HPM


MEASURING MICROSCOPE OBJECT   


Frequently the biologist needs to know the dimensions of the object he/she is examining under the microscope. Described below is a method you can use to obtain estimates of size of microscopic objects.


This method will enable you to obtain an approximation of the size of an object by comparing it with the diameter of the field of view. To do this it will first be necessary to measure the size of the field. For this measurement, as well as others you will be making in subsequent laboratory work, the metric system is used. 

a. Place a short, clear plastic ruler on a clear slide over the opening in the center of the stage so that the scale is visible through the microscope.

b. Line up one of the vertical lines so that it is just visible at the left side of the circular field of view.
c. The distance from the center of one line to the center of the next line is 1 MILLIMETER  (mm). Count the number of millimeters included from one side of the field to the opposite side. If the right side of the field does not coincide with one of  the lines, you will have to estimate the fraction of a millimeter. What is the diameter (in millimeters) of the low-power field of view of your microscope?              


For most microscopic measurements we need a much smaller unit than the millimeter. Scientists use the MICRON (() = micrometer which is one-thousandth of a millimeter (0.001 mm). 

What is the diameter of your low-power field in microns?
d.   Turn the high-power objective into place. Note that the field of view is less than 1 mm. Instead of measuring the field directly it will be more accurate to obtain the diameter by the following method:    

                                                                                                  LPM


High Power Diameter = Low Power Diameter   X   ------------


   HPM

          USE AND CARE OF THE STEREOSCOPIC DISSECTING MICROSCOPE

     
The stereoscopic dissecting microscope (Fig.2) has two distinct advantages over the compound microscope. It will enable you to observe some objects that are too large and too thick to see with higher magnifications, but too small for the unaided eye, and give you an opportunity to observe objects in three dimensions. Magnifications obtained with the stereoscopic microscope commonly range between 7 and 40, depending on the lens combinations used (check the magnification stamped on the ocular lens – then use the corresponding values on the dial). 

What is the lowest-power magnification of your microscope?  
The highest-power? 
Are there any intermediate magnifications obtainable?          
What are they?

     
Binocular microscopes are essentially two microscopes in one, a monocular microscope for each eye. The distance between the two oculars can be adjusted by moving the ocular tubes towards or away from each other. Looking through the microscope with the low- power objective in position, adjust the oculars to fit the distance between your eyes so that a single field of view is seen. Place a coin (or other object as directed by our instructor) on the center of the stage. Lower the objective as far as it will go. Looking through the ocular raise the objective until the object comes into focus. 


If the object seems out of focus it may be necessary to focus separately for each eye. If your microscope has separate focusing devices for each ocular, focus first with one ocular, and then the other. However, some microscopes have one ocular fixed in position. With this type of microscope you will first need to look through the ocular that can not be individually focused. Then focus for this eye by turning the adjustment knob until the object is sharply outlined. Adjust the ocular for the other eye until the object is in focus for both eyes. If you are still having trouble, your instructor will help.


Does the object appear oriented correctly or upside down?






     
Move the object away from you. As you look through the microscope which way does

            the image move?
  


How does the direction of movement compare with that of the compound microscope? 

           Next observe the object at higher magnification. As you increase the magnifications how

           does the area of the field of view change?






To get some practice with the stereoscopic microscope, observe various objects that are provided by your instructor. Try manipulating the object with dissecting needles while observing.
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Figure 2.     Binocular Dissecting Microscope

STUDY OF POND WATER

     In your laboratory work many of your observations with the microscope will be made on living organisms or on tissues or parts of organisms that you will want to keep alive. To allow them to dry out would greatly distort them, to say nothing of the effect death would have on their movements. For observations of living material you will be making wet mounts. To prepare a wet mount, first obtain a clean microscope slide and cover slip. The cover slip is very thin so that the objective lens of the microscope can be brought as close as possible to the subject.

     Using an eyedropper, add a drop of pond water to the center of the slide. The cover slip should be placed on the drop of water in the following way: Lower one end of the cover slip so that it touches one side of the drop or water at about a 45 degree angle.

     After the water has spread across the edge of the cover slip, carefully lower it by supporting the free end with a dissecting needle or the tip of your pencil. If this is done carefully it will prevent the accumulation of air bubbles under the cover slip. Air bubbles, which interfere with good observation, can be distinguished from other objects by their even, round shape and their heavy, dark outline.

     Excess water at the edge of the cover slip can be soaked up by carefully placing a piece of paper toweling to the edge of the cover slip. However, if your preparation begins to dry out while under observation, add 1 drop of water at the edge of the cover slip.

     Under low power and with reduced light, make a survey of the drop of pound water. Identify as many of the organisms as you can. Carefully study their differences in structure and their method of movement. Use your text or supplied manuals to help you identify the kingdom the organisms belong to.

     Prepare additional wet mounts by taking samples from different parts of the jar of pond water. Do not be too hasty in discarding a slide as not containing any microorganisms; a systemic survey of the preparation is often necessary to locate the organisms. 

Why do the organisms often accumulate at the edge of the cover slip?

To identify the smaller organisms, it may be necessary to use the high-power objective.

     List the names of the kingdoms that you were able to observe from the pond water (you should find at least three different kingdoms of organisms).  Sketch a few of the organisms in the space below.  What characteristics allow you to identify the Kingdoms?

HUMAN EPIDERMAL CELLS

1.   Obtain a flat toothpick (sanitize it with the alcohol provided).

2.   Gently scrape the inside of your cheek with the toothpick and place the scrapings on                                          a clean, dry slide.

3.   Add a drop of weak iodine or methylene blue, and cover with a cover slip.

4.   Observe under the microscope.

5.   Locate the nucleus, the central round body in each cell.

6.   Make a simple drawing of what you observe in the microscope. Show the membrane and nucleus. 


Are the cells flat or spherical?


How can you determine the three dimensional shape? 
ONION EPIDERMAL CELLS
1.    With a razor blade or dissecting needle, peel a small, thin transparent layer of cells from the

        inside of a fresh onion leaf.

2.     Place it gently on a clean glass microscopic slide and add a drop of methylene blue or 

        iodine solution.

3.    Cover with a cover slip and observe.

4.    Locate the cell wall and the nucleus.

5.    Draw to scale and label the cells as observed under high-power in the space provided.

6.    Estimate how many onion cells stretch lengthwise across the low power (10X) field.

 From a previous section in this exercise, what is the diameter of your low power field in

 micrometers (()?

7.    Calculate the length of each onion cell.

8.    List some of  the obvious differences between the cheek cells and onion cells.

When your work is completed, clean and dry any slides and cover slips used. If dirty, wipe the lens of the microscope with lens paper, clean the stage, wrap the cord carefully and return the microscope to the cabinet.

Lab 1b
CELL STRUCTURE AND FUNCTION

The cell theory states that the cell is the basic unit of life and that all living organisms are composed of one or more cells. Today we will study the eukaryotic cells which possess organelles surrounded by membranes and a nucleus enclosed by a nuclear envelope. These are characteristics of complex cells. 


In this laboratory you will study eukaryotic cells and the various organells found in them. In addition, you will study the effects of solutions of various tonicities on cells of Elodea cells.

PLANT CELL DRAWING

Using the illustration in your textbook, draw a plant cell and label the following parts: mitochondrion, nucleus, chloroplast, Golgi complex, Vacuole, plasma membrane, smooth endoplasmic reticulum, rough endoplasmic reticulum, nuclear pore, nuclear envelope, cytoplasm and cell wall.

CELL FINE STRUCTURE:


With the development of the electron microscope, cells have been shown to contain a remarkable variety of membrane-bound structures. In the following study you will become familiar with the “fine structure” of cells. 


Nucleus is the most dominant organelle in the eukaryotic cell. It is the control center of the cell and contains the most DNA material, which is the genetic material of heredity.


The nuclear envelope separates the cytoplasm from the nucleus. It contains pores which large molecules may pass through.


The plasma membrane forms the boundary of a cell, separating it from the surrounding environment. Nutrient molecules move across the plasma membrane to the inside and waste molecules move across it to the outside. In plant cells the plasma membrane is immediately inside the cell wall.


The cell wall supports and protects plant cells and contains cellulose fiber which animals cannot digest. 


A vacuole is a large membrane-enclosed sac. Animal cells have vacuoles, but they are normally much smaller than those in plant cells. Vacuoles are most often storage areas for water, sugars, salts, pigments and toxic or waste substances.


The cytoplasm is bound on the outside by the plasma membrane and internally by the nuclear envelope. Within the cytoplasm are found numerous membrane-bound organells, each having its own peculiar microscopic organization. 


The endoplasmic reticulum (frequently called ER) is common to many plant and animal cells. It consists of a complex, three-dimensional canalicular system found throughout most of the cytoplasm. Closest to the nucleus is the rough ER which contains ribosomes. Extending from the rough ER out to the plasma membrane is the smooth ER.


Ribosomes are the principal sites of protein synthesis in cells. These structures, composed of protein and RNA, are frequently associated with the outer surface of the rough 

  ER.


Golgi bodies (sometimes called dictyosomes in plants) are common organelles in cells, but are particularly abundant in secretory cells.


Mitochondria are organelles that participate in cell respiration and contain those enzymes that take part in the Kreb cycle. They contain some DNA.


Chloroplasts are the site of photosynthesis in green plant cells. Like the mitochondria, they contain some DNA.


Mitochondria and chloroplasts also differ from other cell organelles in that they consist of inner and outer membranes.


From your animal and plant  cell drawings, identify the structures in the following list, observe their shape and location and give their function within the cell. Use your text if necessary.
	Structure
	Function

	Plasma Membrane
	

	Mitochondria
	

	Lysosomes
	

	Vacuoles
	

	Rough endoplasmic reticulum
	

	Smooth endoplasmic reticulum
	

	Golgi apparatus
	

	Nucleus
	

	Cell wall
	

	Chloroplast
	

	Ribosomes
	


Elodea (Anacharis)

Elodea is a multicellular eukaryotic plant found in freshwater ponds.

1.  Prepare a wet mount of a small piece of Elodea leaf in fresh water.  Select a young leaf 

and have the drop of water ready on your slide so that the leaf does not dry out, even for a 

few seconds. Take care that the leaf is mounted with the top side up.

2.   Examine the slide using low power, making sure to focus sharply on the surface near the

edge of the leaf.

3.  Select a cell with numerous chloroplasts for further study and switch to high power. 

(Remember when using the high-power lens use only fine adjustment knob)  Focus carefully

until the side and end walls are exactly in focus. The chloroplasts appear to be only along the 

side of the cell because the large, central vacuole pushes the cytoplasm against the cell wall. 

4.  Then focus on the surface and notice the usually even distribution of chloroplasts.

    Can you locate a nucleus?   It may be hidden by the chloroplasts, but when visible it appears 

as a faint gray lump on the  side of the cell. 

   Can you detect movement of the chloroplast in this cell or any other?   The chloroplasts are 

not moving under their own power but are being carried by a streaming of the nearly 

invisible cytoplasm. 

   Use this same piece of Elodea in the next exercise.

EFFECTS OF TONICITY ON CELLS (PLANT CELLS)


We will study the effects of diffusion of water across the plasma membrane (osmosis) in Elodea cells. Water will diffuse from the area of greater water concentration to the area of lesser water concentration. If cells are placed in distilled water (hypotonic solution), the area of greater concentration of water is outside the cells, and water will diffuse into the cells.


If cells are placed in a concentrated salt solution (hypertonic solution), the area of greater concentration of water is inside the cells, and water will diffuse out of the cells.


If cells are placed in a solution that contains the same concentration of water outside the cell (isotonic solution), water molecules move back and forth across the membrane, but there is no net movement of water. A solution’s tonicity refers to the water or solute concentration, i.e. whether it is hypotonic, isotonic, or hypertonic.

When a plant cell is placed in the hypertonic solution (10% salt) [NaCl], water moves out of the large membrane-bound central vacuole and cytoplasm and into the solution. The volume of  the cell is reduced and the plasma membrane visibly pulls away from the cell wall. This process is called plasmolysis. The water concentration inside the cell is higher than the water concentration outside of the cell. Water molecules move from a region of high water concentration to a region of low water concentration. Therefore, the net flow of water is out of the cell.

1. Use the wet mount of a small Elodea leaf from the previous exercise. With a small piece of paper towel blot up most of the water.

2. Replace this water with a drop of 10% (very salty) salt (NaCl) solution.

3. Watch the leaf for a few minutes and record your observations.

PLANT EPIDERMAL CELLS

1. You will receive a leaf from Kalanchoe, a plant with thick, succulent leaves.

2. First identify the upper and lower surfaces of the leaf.

3. Cut a thin strip of leaf.

4. Holding the strip with the upper surface facing upward, bend the strip downward in half until it breaks in two.

5. All tissue layers except the lower epidermis should have broken, leaving the two pieces connected only by this single layer of cells.

6. With the strip folded in half, slide one half past the other, peeling off the lower epidermis.

7. Make a wet mount of this lower epidermis. Orient the epidermis so that the outer surface faces upward.

8. Using the microscope you should be able to see numerous stomata, openings in the epidermis. Each stomate is surrounded by a pair of guard cells. These cells can change shape, opening or closing the stomate. Stomata are vital for gas exchange. Plants can also regulate water loss by opening or closing stomata.

9.  Make a quick sketch of the stomata.

REVIEW QUESTIONS

1. What is the function of the following organelles?

a. Mitochondria 











b. Lysosomes 











c. Smooth ER 











d. Rough ER 











e. Vacuole 












 f.    Chloroplast ________________________________________________________________

2. Do both plants and animals carry on cellular respiration?

 3. Do both plant and animal cells carry on photosynthesis?

4. What organelle is involved in respiration?

5. When a cell is placed in a hypertonic solution what will happen to the cell’s water content?

6. What if a cell is placed in a isotonic solution? Will any water cross the plasma membrane?

7.  What happens if the cell is placed in a hypotonic solution?

8. What is the function of stomata on a leaf surface?

9. What organelle is involved in photosynthesis?
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