BIO 475 – Parasitology

Spring 2009
Instructor: Stephen M. Shuster

Graduate Assistant: Rachel M. Curmi

Laboratory 1: Introductory Remarks and Assisted Viewing 

I. What is Expected of You in this Laboratory
A. Preparation:  Each week before entering the laboratory you are expected to have read and understood the exercise for the current week's laboratory meeting.  The amount of information that must be covered each week is considerable and you will absorb it more effectively if  you come to class prepared.  If you need help, see your instructor during office hours.  

You are advised to keep all of your laboratory exercises in a loose-leaf laboratory  notebook or binder and to bring it to class each week.  You are also expected to purchase (unless you already own one) a laboratory dissection kit containing at least (a) one pair of surgical scissors, (b) one scalpel or single-sided razor blade, (c) one blunt probe, (d) one sharp probe, (e) one pair of fine forceps, and (f) one metric ruler.  These materials are available as a package for this class at the NAU Bookstore for about $25.  You will find this kit valuable for other courses in biology, so consider this purchase an investment in your future career.  Bring your kit to class each week.

B. Written Assignments:  Each week you may be asked to take a quiz, diagram animals, tabulate your observations, perform and interpret the results of simple experiments, or answer study questions.  Usually the assigned work will be due at the beginning of the next laboratory, occasionally , it will be due at the end of the laboratory period.  The purpose of these assignments is to help you focus your thinking and your observations as you complete your laboratory work.

C.  Quizzes:  A 5-point quiz will be given in the first 15 minutes of most laboratory periods.  The material covered will consist primarily of material from the previous laboratory, but will also include at least two questions from the current laboratory exercise.  Quiz scores will make up 25 points of the 250 total points contributing to your course grade.  There will be 6 total quizzes.  You may drop your lowest score.

D. Diagrams:  Use this manual to begin your laboratory notebook.  Notice that its pages are punched so that the entire volume may be placed in a three-ring binder. There will be blank paper available for diagramming specimens on the demonstration bench at the back of the laboratory. If you prefer to use your own paper, use plain white 8 1/2 x 11" paper of a texture that will take pencil drawings and/or ink notes.  Do not use odd-sized, lined, colored or tear-out pages, or soft, expensive drawing paper.  For your drawings,  use a fairly hard  (3-4H) drawing pencil, or if you are brave (and by all means, be brave), use ink, but if you do, use only black and a high quality pen.

The pages of your notebook containing your laboratory drawings and notes will usually be turned in at the end of every other period for brief inspection.  Your work during the laboratory is of particular interest because this is the only way for your instructor to "see through your eyes," and determine how well or poorly you are comprehending laboratory assignments.  Your work will be inspected, marked with comments or suggestions and returned to you before the next laboratory.  This exercise is also incentive for students to stay for the entire laboratory period.  Most laboratories cannot be completed in less than three or four hours, so plan to stick around, and seriously consider scheduling additional time to review laboratory materials at times other than the scheduled laboratory period.

Since drawings are the "language of anatomy," it is important to learn how to make simple, interpretive drawings, of reasonable scale, properly labeled, and containing as much or as little detail as the subject requires for clarity.  This usually takes some practice and that is why you are asked to do a fair amount of drawing for this class.  Draw what you see, and resist the temptation to embellish your diagrams or render them "artistically."  Simply show the spatial relationships of the structures you explore in a clear and diagrammatic way.  If you add sheets to your notebook use one side of each page only.  Avoid the use of color unless it is absolutely necessary for clarity.  Do not bother with shading or perspective.  Make simple line drawings whenever possible.  

You will often be referred to diagrams available in your copy of your textbook or in references available in laboratory.  Be sure to bring your textbook to laboratory, but use the illustrations therein only as a guide to identify structures and their relative anatomical arrangements.  Do not COPY these diagrams!  In order to learn anatomy you must explore it for yourself.

E. Notes:  You will often be asked to tabulate simple notes or to group small diagrams for comparative purposes. You may also be asked to write out the experimental protocol and results of certain experiments.  Learn to keep your notes organized and to group your observations and drawings in a planned way.  Clear, well-organized notes and diagrams are invaluable when you review your work.

F. Evaluation of Laboratory Work:  Your instructor will soon learn that you work conscientiously (which is not synonymous with "quietly"), or tend to be a goof-off.  Spend your time wisely as most laboratories will require the entire period to complete.  However, there is always more to see if you finish early, so stick around and do some exploring whenever you can.  Compare your observations with those of your classmates.  You'll learn more and have more fun.

Note that this is not an art class.   However, careful renderings are a necessary skill in Parasitology.  You may discover a new structure or creature some day, or simply require detailed notes for your records or publications.  Strive to improve your notebook-keeping skills throughout the semester.  It is important to remember that a well-organized laboratory plan (requiring preparation before class), combined with curiosity and industry during laboratory will enhance your comprehension of lecture and reading material immeasurably.  These skills will support the total process of your learning and understanding invertebrates now, and will translate well to your further studies with other organisms. Note that you will be graded on your contributions to your notebook (5 points each x 5 = 25 points).  This may not seem like much but you will undoubtedly find studying for practical exams easier and your general comprehension of laboratory material will improve the more attention you pay to your notebook. Try it and see!
G. Practical Exams:  There will be two practical exams worth 50 points each and one comprehensive final exam worth 100 points at the end of the semester.  You must take all three exams.  Practical exams will be given during class periods and you will have the entire period to complete your work.  The same rules for missed practical exams are the same as for missed lecture exams.  See the course syllabus for details.

H. Summary of Laboratory Points:  A total of 250 points will be awarded for laboratory activities.  This amount is slightly more than one-half of the total points for this course (450).  This makes sense since at least half of your classroom time will be spent in the laboratory.  Information obtained in laboratory will overlap extensively with that  obtained in lecture, and vice versa.  Your ability to integrate this information will enhance your performance overall.  Lab points will be awarded as follows:


Quizzes and Notebooks

  50


Practical exam 1

  50


Practical exam 2

  50


Final practical exam

100



            ____


Total

250

I. A Note on Memorization:  A common complaint about survey courses such as BIO 475 is that students are forced to commit huge chunks of information to memory that are unlikely to serve them usefully in later life.  This is in some cases true, depending on the career of the student.  However, there are two very good reasons for this apparent wanton misuse of power on the part of instructors.  

The first is that nearly all students taking this course are pursuing careers in science.  A skill that all scientists must develop (and this especially includes future medical scientists, a.k.a., doctors, dentists and veterinarians) is the ability to organize, store and recall extremely large bodies of factual information, rapidly and accurately.  This is more than simple memorization; it also involves the ability to link and summarize disparate pieces of information, AND, a large mental database IS an essential part of this process. Your accurate diagnosis of disease, or a statistical problem, or species relationships can save money, time and lives.  This will be your job as a scientist. Therefore, the more practice any future scientist has in training his or her mind to do this, the better scientist he or she will be.  

The second reason for developing sound information-handling skills has to do with the nature of biological species.  As students of living organisms (including human ones), you are all biological scientists.  The process of speciation as we know it seems inevitably to lead toward hierarchical relationships among organisms.  We can therefore best identify and understand organisms by identifying characteristics they share and arranging taxa into more or less distantly related groups.  To do this, one must have a sufficiently broad understanding of species to recognize closely as well as distantly related groups.  Again, the species you study in your careers may not be invertebrates, but the ability understand and skillfully reconstruct biological hierarchies of all kinds will serve you well throughout your scientific careers.

J. Planning your time:  Another skill you will learn in this course is time management.  There is much to accomplish in each laboratory and you are unlikely to cover it all unless you read and plan your activities before each laboratory.  Read each chapter well before each lab begins.  Be sure that you understand what you are being asked to do.  Make an outline of all of the required activities and decide how much time you are likely to have available for each one.   This will take some practice, but you will find yourself absorbing much more of the material with less effort.  Indeed, providence favors the prepared mind!

II. Laboratory Skills

A. An Introduction to Assisted Viewing
The function of a microscope is to form high-quality, enlarged images of objects that are ordinarily difficult to observe with the naked eye. Three aspects of image formation must be considered in order to understand how microscopes work: magnification, resolution and contrast.  An understanding of these factors will enhance your ability to use this important piece of  laboratory equipment.  

1. Magnification:  Magnification is defined as the ratio of the image size to the size of the object.  Magnification is achieved in light microscopes by the refraction of visible light through glass, fluorite or quartz lenses.  In a lens system composed of more than one element (as most compound microscopes are), the total magnification equals the arithmetic product of the individual magnifications.  Consequently, if an image is formed by two superimposed lenses each having a magnification of 10X, the total magnification is 100X.

2. Resolution:  A microscope has a certain limit of resolution that may be expressed as the minimum distance that can separate two objects while still permitting their visualization as separate entities.  This means that the smaller the resolution is, the better the microscope is for viewing minute objects. The resolution of an optical system restricts the useful degree of magnification because once the resolution limit is reached, further magnification will not produce images of greater detail.  

The limit of resolution is determined by (1) the physical properties of the radiation used to illuminate the object, and (2) the physical properties of the lens system, plus the geometry of illumination (collectively described by a constant called the "numerical aperture").  Thus, the expression:

                    .6
R   =                -------
                     A

describes the influence radiation wavelength () and numerical aperture (A) have on resolution (R).   As wavelength gets shorter (smaller), resolution gets smaller, and  objects can be very tiny and still be successfully viewed.  Electron microscopes have better (i.e., smaller) resolution than light microscopes in part because objects are illuminated with a beam of electrons whose wavelengths are shorter than those of visible light.  Similarly, as numerical aperture increases (usually due to the ability of the lens to focus light in a precise way), resolution decreases, again permitting successful viewing of small objects. 

3. Contrast:  Assuming that an object is sufficiently magnified and that the resolution is adequate, there must be contrast between the object and its surroundings in order that it be visible.  The human eye perceives contrast through differences in color or differences in intensity (brightness).  Few biological objects suitable for microscopy have sufficient inherent color contrast to be useful.  In fact, most specimens are so uniformly transparent that cellular structures are nearly equivalent in brightness.  In light microscopy, contrast is usually obtained by staining, in which cells are impregnated with dyes.  Alternatively, phase contrast microscopy may be used to vary the quality of illumination so that it reflects differently from cellular components and their surrounding environments.  We will primarily use stains for contrast.    

B. Use of the Binocular Dissection Microscope
1. General:  Dissection microscopes differ from the compound microscopes available in this laboratory in having two objectives to give a stereoscopic view of the object.   There are a limited number of these 'scopes in this lab so you may have to work in groups of three or four.  Remove the 'scope from the cabinet with both hands; one grasping the arm and the other supporting the base.  Have a partner carry the light source or make a second trip to the cabinet to get this equipment.  Haste in this case, can make you sadder, wiser and poorer!  You will be held responsible for carelessly broken equipment. Thus, after you have carefully positioned the 'scope at your bench, obtain a slide or other specimen you'd like a closer look at from the demonstration bench.

2. Illumination:  Place the ‘scope firmly on the lab bench with the light source directly in front of it.  Make sure the light source is turned off before you plug it in.   This saves light bulbs.  You may use transmitted light via the mirror (if one exists) under the stage or light the object directly, or use a combination of both.  Try to position the light source so that each eye tested separately sees the same illumination.

3. Objectives and Oculars:  With an object on the stage, rotate the nosepiece so that the smallest objective is toward the front of the 'scope.  It should lock firmly into place.  Looking from the side, move the focusing knob down until it reaches its limit.  Now look through the scope and focus by moving the stage and the objective away from each other. Whether focusing moves the stage down or the objective depends on the scope. Always focusing away will prevent you from mashing the objective into the object (a bad thing).  Close your left eye and focus on the object using your right eye.  Now close your right eye and move the knurled part just below the left ocular left or right until you can see clearly.  Focusing each ocular independently will keep your eyes from fatiguing with prolonged 'scope use.  Finally, adjust the interpupillary distance of the scope by pushing or pulling gently on the ocular tubes.  The scope is now customized for your face and eyes.  Do this every time you use a dissection microscope.  You may have to make subtle changes in illumination or ocular focus as you change objectives.

4. Care and Cleaning:  With dissection 'scopes, be especially careful to remove all saltwater spills, followed by wiping with fresh water, and then drying with paper towel.  Saltwater is very corrosive!  Periodically clean the oculars and objectives with lens paper and a drop of xylene or ethanol to remove eyelash oil.  Do not use kleenex, kimwipes or your shirttail! Before putting your scope away, be sure that it is clean and that the nosepiece is rotated with the smallest power objective forward.  Move the focusing knob downward to its limit. When any microscope is not in use, it should be protected by a dust cover or plastic bag.  Collapse the movable arm of the light source and gently wrap the cord around the base.  Return both the scope and the light source to their proper place in the cabinet at the back of the room. Report any mechanical difficulties to your instructor immediately, and above all, be gentle.  The dissection scope is the most essential tool in Parasitology.  Treat it well and your work will be much easier and more satisfying.  

Note:  You will be assigned particular microscopes to use in this laboratory.  It is your responsibility to make sure these pieces of equipment are properly cared for, properly stored and IN THIS ROOM after each lab and at the end of the semester.  If they are damaged from misuse or missing, you will be held financially responsible.
C. Notes on Use of the Dissection Microscope

Notes:

D. Use of the Compound Microscope
1. General:  Microscopes when not in use are kept in the cabinet near the blackboard.  Because of the dust problem in BS 146, when not in use, microscopes must at all times be covered by plastic dust hoods.  Use the microscope numbered according to your assigned seat (if possible).  This means that only you and one or two others will use the same 'scope and ensures responsibility for its care.  Laboratories are often wet and we will use much fresh material.  As with dissection microscopes, always be sure that your 'scope is clean and free of dust or water before putting it away.  Carry the scope with both hands as previously described and use only lens paper to clean the lenses.

2. Illumination and Low Magnification Viewing:  Place the microscope firmly in front of you, unwrap the power cord and plug it in.  Looking from the side, be sure that the lowest objective is forward and using the coarse focusing knob move the objectives downward to their limit.  Be sure that the condenser is moved all the way up beneath the stage, and move  the lever of the iris diaphragm all the way to the right.   

Place a prepared slide on the stage and secure it in place with the mechanical stage clip.  Turn the light source on.  Move the lever of the iris diaphragm to the left until a comfortable amount of light is permitted into the scope, and using the coarse focus, focus the microscope by moving the stage and the objective away from each other until the object is visible.  Use the fine focus to bring the object clearly into view.  Try to keep both eyes open when viewing the object.  With a little practice you'll be able to ignore (or not ignore) what your nonmagnified eye sees.  This will help prevent eyestrain and will come in handy for measuring objects.  

Shift the position of the diaphragm lever back and forth and notice its effect on the quality of the object's image.  Skillful use of this lever is especially important at high magnification.  Try the next higher power objective and see how the image changes.  Recalling the introductory remarks at the beginning of the exercise, consider some possible explanations for the changes you see.  How would you test your hypotheses?

3. Higher Magnification:  When you switch to the "high dry" or 40x objective you should find that the object on the slide is very nearly in focus.  If adjustment is needed, use only the fine focus and remember which direction you must usually move this knob to relocate the image.  You have undoubtedly discovered by now that higher magnification requires more light.  Adjust your diaphragm as needed.  The highest power objective (100X) is for oil immersion viewing and requires the use of a high quality oil that improves the transmission of light from the object to the objective.  DO NOT USE THIS OBJECTIVE UNTIL ITS PROPER USE HAS BEEN DEMONSTRATED BY YOUR INSTRUCTOR!  After you use oil immersion, be sure to clean the objective off with xylene before putting the microscope away.

4. Making a Wet Mount:  Obtain a glass slide and cover slip from the demonstration bench.  Also obtain a toothpick, a dropper bottle containing tap water and a dropper bottle containing 0.5% methylene blue.  Clean the slide and the cover slip with paper towel to remove any dried material or dust that may obscure your view.   Place a drop of water onto the slide and scrape (gently!) the toothpick along the inside of your cheek.  Swirl the business end of the toothpick in the drop of water and cover the drop with the cover slip.  Note: You can avoid air bubbles if you place one edge of the cover slip at the left extreme of the drop and lower the other edge of the slip toward the right (southpaws may prefer to reverse this procedure).  Place a drop of methylene blue at the left (or right) edge of the cover slip and a piece of paper towel at the opposing edge.  The stain will be drawn under the cover slip and will increase the contrast of whatever it is you extracted from your cheek.  Add an additional drop of water to the stain side if necessary.  Place the slide on the microscope stage and follow the focusing procedure described above.

5. A Technique for Measuring Objects:  Our microscopes are equipped with ocular micrometers which you will learn to calibrate during this laboratory.  However, the following method can be used instead to obtain an accurate estimate of the size of objects you'll be viewing.  This technique comes in remarkably handy since you will find that often even the most sophisticated dissection or light microscopes lack ocular micrometers.  To begin, place your millimeter ruler at the level of the stage next to and perpendicular to the long axis of the slide (not under the objective).  Keep both of your eyes open and focus on the object (probably a cheek cell) and the ruler at the same time.  Record the size of the object in metric equivalents.   Calculate the total magnification if the image and divide the metric image size by this value.  This is the actual size of the object.  This takes some practice so don't be frustrated if at first you don't succeed.  To check your technique, measure the actual size of a small object with your ruler (1mm or less) and then measure it again at lowest power using the above technique.

6. Calibration of the Ocular Micrometer on a Microscope: Microscopes equipped with ocular micrometers are much easier to use to measure small objects.  Figure 1 shows a typical view of such a microscope. To measure the size of a magnified object, you simply line the scale up next to the object and measure its size as you would using a ruler.  However, the scale on the ocular micrometer changes each time you change the total magnification and therefore must be calibrated. The goal of this section is to show you how to do this. 

Figure 1:  Ocular micrometer superimposed over a magnified view of red blood cells.

To begin, place a stage micrometer onto the stage of your microscope. A stage micrometer is essentially a ruler with very small units (millimeters (mm) or micrometers (μm)) mounted on a microscope slide.  Use the adjustment knobs on the stage to line up the stage micrometer with the ocular micrometer (Fig. 2). Now count the number of divisions on the ocular micrometer that correspond to each millimeter or micrometer on the stage micrometer.  
Do this for each of the objectives on your microscope and be sure to write the calibration equivalents in your notebook, and record the identification number of the microscope. If you change microscopes during this or another laboratory, you must recalibrate it. The differences might be small between microscopes we have, but this is a good habit to get into. Remember, the number of divisions will change as the magnification changes.
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Figure 2:  Comparison of the ocular micrometer and the stage micrometer.

Example:  At a total magnification of 40x, a student measured 42 ocular micrometer divisions per millimeter.  What is the distance in micrometers per ocular unit?  
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Problem 1:  At a magnification of 40x, a student measured 41 ocular micrometer divisions per millimeter.  What is the distance, in micrometers, per ocular unit at 40x?  

Problem 2:  At a total magnification of 100x, a student measures 16.4 ocular micrometer divisions per millimeter.  What is the distance, in micrometers, per ocular unit at 100x?  

Problem 3:  At a total magnification of 400x, a student measures 4.1 ocular micrometer divisions per millimeter.  What is the distance, in micrometers, per ocular unit at 400x?  

Problem 4:  Notice the pattern in the above 3 problems.  What do you think the distance in micrometers per ocular unit at 1000x would be?

Problem 5:  It was found that the units on the ocular micrometer and the units on the stage micrometer matched up 40 units to 1.0 mm at 100 power.  (So 40 ocular units equals 1.0 mm.) If the wing of a dead fruit fly was measured to be 2.5 ocular micrometer units at a magnification of 100, what is the length of the wing in mm? What does mm stand for?

E. Notes on Use of the Compound Microscope:
Notes:
Notes:
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