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The lab portion for this course is intended show you how to approach biology as a science and to give you an opportunity to examine or test some of the things you are being told about in the lectures. 

The lab contributes 100 of the 400 total points out of which the course is grsded. Points will be awarded exclusively for weekly assignments. This semester there will be 14 labs with the associated assignments each graded out 8 points.

Labs are held in Moore 210 and are compulsory. Make-up labs will not be possible, although sometimes it may be possible to attend another lab section. If you are unable to attend lab for a legitimate reason please see your lab instructor about it. Unexcused absences will result in a 8 point penalty (zero score on for that week's assignment).

The labs should be fairly synchronized with the lecture material. If you are reading the text and studying your lecture material you should be adequately prepared for the labs. For each lab, there will be oral and written instructions (on the board or as a handout) as to what is to be accomplished that day. You will be specifically requested to record observations, make diagrams, speculate (generate hypotheses) etc. After each lab you will hand in your completed assignment. These will be graded and returned the following week.

Laboratory schedule:

Lab # 
      Dates 

Topic




lab manual page #
1. 
Aug 28 and 30


Solutions, concentration, and pH

2
2.  
Sept 4 and 6


Chemistry of life



5
3. 
Sept 11 and 13


Microscope Use 



7
4. 
Sept 18 and 20


The Cell




8
5. 
Sept 25 and 27


Diffusion & Osmosis



10
6. 
Oct 2 and 4


Enzymes




13
7.  
Oct 9 and 11


Actin & Myosin



16

8. 
Oct 16 and 18


Respiration 
(to be revised)

9. 
Oct 23 and 25


Fermentation
(to be revised)

10. 
Oct 30 and Nov 1

Photosynthesis (to be revised)


 
11
Nov 6 and 8


DNA isolation  (to be revised
12 
Nov 13 and 15


Mitosis




22

13
Nov 20 and 22


No Labs – Thanksgiving
14. 
Nov 27 and 29


Mendelian genetics (to be revised)
11. 
Dec 4 and 6


Human Genetics  (to be revised)
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Lab #1: Solutions, concentrations and pH

In today’s lab you will review some basic chemistry concepts that required for an understanding of cell biology but will not be discussed in class. 
First some definitions:
Solutions - homogeneous mixtures of atoms, molecules or ions of two or more different substances

Solutes - a dissolved substance (i.e. NaCl)

Solvent - the dissolving medium (i.e. water)

Solute concentration is usually measured in Molar units

1 Molar (abbreviated 1 M) = 1 mole of entities of solute in 1 liter of solution 

Recall: A mole is the number of atomic mass units in a gram: 6 X1023. The periodic table of the elements reports the number of grams per mole of each element)
Thus: 1 mole of a substance = the molecular weight in grams of that substance.


Example:  
Na molecular weight  = 
22.99 g/mole



Cl molecular weight   = 
35.45 g/mole

Therefore 1 mole of NaCl weighs 
  
58.44 g/mole
To prepare 1 liter of 1M NaCl, add water to 58.44 grams of NaCl to a total volume of 1L.

To make up any solution:

Grams required = molecular weight (in grams) X volume (in liters) X molarity (M). As long as you are a laboratory scientist you will need to use this formula
Recall that: 1 L = 1000 mL = 1,000,000 μL, 1 M = 1000 mM = 1,000,000 μM, 

and 0.001 M = 1 mM = 1 X 10-3M

The pH of a solution is a measure of the concentration of hydrogen ions 

(written as [H+] - [ ] means "concentration of")

In pure water [H+] = 1 X 10-7 M (0.0000001 M) and [OH-] is also 1 X 10-7 M

The product of the molar concentration of the two ions in water is always 1 X10-14
Thus, in pure water:

[H+] [OH-] = (1 X 10-7 M)(1 X 10-7 M) = 1 X 10-14 M

So what is pH?

pH is the negative of the logarithm (base 10) of [H+]

(Recall that a logarithm is the power to which a base is raised to give the desired number)


Example:
the log of 1 X 10-7 (i.e. 0.0000001) is -7 

and minus the log of 1 X 10-7 (i.e. 0.0000001) is +7

Thus, the pH of pure water is 7 

Each change of 1 pH unit represents a 10 X change in [H+].

Since [H+] [OH-] = 1 X 10-14 M, if you know the pH you can compute the pOH (pOH is the negative log of the [OH-] (pOH = 14 - pH)

pH 7 is neutral, pH < 7 is acidic, and pH > 7 is basic

Adding an acid (i.e. HCl) to water increases [H+] (decreases pH) and reduces [OH-] (increases pOH), while adding a base (i.e. NaOH) has the opposite effect. 
Complete the following questions.  Show your work.
1. What is the molecular weight of water (H2O)?

2. What is the molecular weight of Calcium Chloride (CaCl2)?

3. What is the weight of 0.5 moles of KOH?

4. How much NaCl would be required to prepare 250 ml of a 0.1 mM NaCl solution?

5. How much corn sugar (glucose; C6H12O6) is needed to prepare 750 ml of a 0.1mM solution?

6. If the pH is 4, what is the pOH?

7. If the pOH is 6, what is the pH?
8. If the pH is 10.6, what is the pOH?

9. The pH is 6, what is [H+]? (remember the units!)

10. The pOH is 3, what is the [OH-], the pH, and the [H+]?

11. The pOH is 7, what is the [OH-], the pH, and the [H+]?

Using the pH paper strips estimate the pH of the provided solutions: 

12. What is the pH of each of the solutions ?
Lemon Juice - 
       Milk - 
 Antacid -        Dish Detergent  - 
Aspirin - 

13. Acid indigestion is the condition in which the stomach pH falls below that at which digestive enzymes operate effectively.  Explain how antacids restore the balance.
14. It is often recommended that aspirin be taken with a glass of water or milk. Why might this be?
15. Could lemon juice serve the same function as milk or water in question #14?  Why or why not?
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Lab #2: Chemistry of life
Follow each procedure and answer the included questions.  Explain thoroughly, and use complete sentences!
 Sudan 4 test for triglycerides (fats and oils).

Fill a single test tube 1/3 full with distilled water. Add 5 drops of vegetable oil. 
1. Why might the oil remain on top of the water?
Next, cover the end of the tube with your thumb and vigorously shake/mix the contents of the tube. The cloudy mixture is referred to as an emulsion (a mixture of 2 liquids not soluble in one another). 
2. Why didn’t emulsion form when you first added the oil to the water? Explain.  

Let the tube stand several minutes.
3. What happens to the emulsion over time? Why? 
Add 4-6 drops of the Sudan 4 dye, shake/mix as before, and let stand several minutes. 4. Where does the Sudan 4 appear in the tube? Explain.
Add 4-6 drops of dish detergent, shake/mix; let stand several minutes. 
5. Where does the Sudan 4 stained oil appear now? Explain what is happening and why.  Draw a picture if necessary.
Benedict's test for reducing sugars.
Simple sugars (monosaccharides) are so called reducing sugars. They contain both a carbon double bonded to an oxygen (C=O) and a carbon bonded to a hydroxyl (C-OH) and thus are capable of reacting with the copper ions that give the blue color to the Benedict's reagent. In the reaction (which requires heat to proceed), the reducing sugar donates electrons to ("reduces") the copper ions. The copper ions now appear a yellow/brown color and, along with the sugar, form an insoluble precipitate. Simple sugars can be linked together to form (disaccharides) and into long chains (polysaccharides). Most of these are not reducing sugars because the C=O group is lost in linking the sugars. 

Fill one test tube each 1/4 full with glucose, sucrose, or starch. To each of these 3 test tubes add about the same volume (1/4 of the tube) with the Benedict's Reagent. Mix thoroughly. Place the 3 tubes in the hot water bath for 10 minutes (be careful to insure you know which tubes are yours and which are which). After 10 minutes, examine the tubes? 
6. Which sugar(s) is/are reducing sugars and which is/are not?  
Lugol's Test for amylose and amylopectin.

In this test the iodine in an IKI solution binds only to a common polysaccharide that comes in two forms (amylose and amylopectin) depending on how often the chain branches. 

Again, fill one test tube each 1/4 full with glucose, sucrose, or starch. To each test tube add 1-3 drops of the IKI solution. 
7. What does a positive reaction look like? 
8. Of the glucose, sucrose, and the starch which is also know as amylose (and/or amylopectin)?

Clean-up! 
Wash out the test tubes with warm water. Rinse several times to ensure the detergent is fully removed from the first tube. Use the test tube brushes to remove the precipitate. Replace the tubes upside down in the test tube racks so they will drain.
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Lab # 3: Microscope use





Assignment/questions: 
1) Make a sketch of your compound microscope (on the back). Label the position of the ocular lens, the nosepiece, the objective lenses, the stage, the stage manipulator, condenser, fine focus knob, course focus knob, and the condenser adjustment knob.

2) Determine the total magnification of your microscope for each of the objectives.

3) Using a stage micrometer and the equation given, determine the field diameter for all objectives.  Please show your work.
4) Using a newsprint slide, determine the width of a single lower case letter or number.  Please show your work.
5) What is the relationship between magnification and field diameter? Be specific.

6) If your microscope was equipped with one more objective lens that is 150X (i.e. provides 1500X total magnification), what would be the field diameter using that lens?  Please show your work.
7) Examine a colored thread slide. (Caution: These are thick slides and they can damage long lenses. Do not examine under highest magnification), 

Slide # _______.  Which colored thread is in the middle? _____________ 
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Lab # 4: The Cell
Assignment/questions:
Onion
Using a drop of IKI prepare a wet mount slide of onion skin from the inner side of a bulb leaf. Observe the cells at 100X.
1. Prepare a diagram of one or more cells. Label the cell wall, plasma membrane, cytoplasm, nuclear envelope, nucleus and the nucleoli. 
2. What is the approximate length and width of a cell?  What is the approximate diameter of the nucleus and of the nucleoli?  Please show your work.
        Elodea
Prepare a wet mount slide of an Elodea leaf using a drop of pond water. Examine the cells at 400X. Observe cytoplasmic streaming.  
3. What function does cytoplasmic streaming serve? 

4. Prepare a diagram of one or more cells.  Label the chloroplasts, plasma membrane and the cell wall. Although you will not be able to see them, include the vacuole, nucleus, and cytoplasm.  
5. What is the approximate length and width of Elodea cells? What is the diameter of the chloroplasts? Please show your work.
Oral Epithelia

Prepare a slide of cheek cells stained with methylene blue. Examine the cells under 400X.  
6. Prepare a diagram of one or more cells. Label the cytoplasm, nucleus, nucleoli, nuclear envelope and plasma membrane. 

7. What is the diameter of cheek cell and of the cheek cell nucleus? Please show your work.
Note: Include a scale bar with each of your diagrams!
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Lab # 5: Diffusion and Osmosis.




Assignment/questions:

Complete the exercises. Explain thoroughly.  Use complete sentences!
Exercise #1: Diffusion.
Observe the various cylinders containing water and diffusing copper sulfate (the blue color). Initially, each cylinder contained a similar quantity of copper sulfate crystals. 
1. About how long does it take for some diffusion to be evident?
2. How far has the blue color traveled in the oldest treatment? 
3. How long would you estimate it would take for the blue to reach the top of the cylinder? Explain why?
Exercise #2: Osmosis.
Work in teams of up to four. Each team should obtain 9 beakers (plastic cups), 9 pieces of dialysis tubing, and 18 twist-ties. The instructor will show you how to set up the experiments.

Each team will complete 9 separate experiments. The 9 different experiments are as follows:








       Expected                    Actual
Environment              Cell content:
     Final       Initial    Change (+/-)
  Change (+/- & amt)
1.  water


water

    ______    _____        ______   

______



2.  water


 0.2 M sucrose
    ______    _____        ______

______

3.  water
  

0.5 M sucrose
    ______    _____        ______

______


4.  0.2 M sucrose

water

    ______    _____        ______

______

5.  0.2 M sucrose

0.2 M sucrose
    ______    _____        ______

______


6.  0.2 M sucrose

0.5 M sucrose
    ______    _____        ______

______


7.  0.5 M sucrose

water

    ______    _____        ______

______

8.  0.5 M sucrose

0.2 M sucrose
    ______    _____        ______

______


9.  0.5 M sucrose

0.5 M sucrose
   _____    ____       _____

_____

List hypotheses that predict what will occur in the “cells.”  As with any hypothesis, provide the basis for your sensible prediction (Why?). 


A. high water cell/low water environment

B. low water cell/high water environment

C. equivalent concentrations 
Which experiments (1-9) go with each hypothesis?

Does your data reject or fail-to-reject each hypothesis (A, B & C)?

    Explain why or why not. (5 pts)


Exercise #3: Osmosis - part 2
Prepare 3 beakers; one half full of water, one half full of 0.2 M sucrose and one half full of 0.5 M sucrose. Prepare 4 potato cores of equivalent length from the same potato. Weigh each and record the initial mass. Place 1 in each of the beakers. The fourth is your control.  Set it aside.  After the cores have been in the cups for 20-30 minutes, briefly pat each dry, weigh, and record their final mass. Try gently bending each of the three potato cores.  Has the flexibility compared to the control core changed?

Treatment
            Final
            Initial             change
          +, - or = flexibility

(solution)

mass

mass

in mass
  after treatment 
1.
water


_______    -
_______    =
________
  _____________
2.
0.2 M sucrose

_______    -
_______    =
________
  _____________
3.
0.5 M sucrose

_______    -
_______    =
________
  _____________
5.  Can these data be explained by osmosis in/out of cells? Explain.  Are there differences in flexibility? If so, what might account for it? 
Clean up; return dialysis tubing and beakers to supply table. Pour solutions from the cups down the drain.  Pour solutions from within the dialysis tubing down the drain. Make sure the pieces of tubing remain wet. Make sure to wipe the table clean
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Lab #6: Enzymes (Oral Amylase Activity)
Introduction: 


Enzymes are biological catalysts and the explanation for how the complex chemistry within biological systems is possible. Catalysts are substances that accelerate chemical reactions without being consumed themselves. An obvious example of catalysis occurs in the 'catalytic converter' of all cars sold in North America. Here most of the NO produced by engine combustion that is potentially damaging to the ozone layer is converted to N2 and O2 when it comes in contact with surfaces covered with various transition metals or their oxides.  


Enzymes are proteins. Specific enzyme proteins catalyze specific chemical reactions. Names of enzymes have the word ending 'ase'. The only enzyme found in human saliva is amylase. Amylase catalyses the hydrolysis of starch (e.g. amylose) to glucose.

Experiment #1 Testing the enzymatic activity of human saliva

1) Add 0.5ml of starch to each of 4 test tubes.

2) Add 0.5 ml of saliva to two of the four tubes, mix well, let stand 5 minutes.

3) Add 0.5 ml of water to the other two tubes, mix well, let stand 5 minutes.  These are your control.
4) After 5 minutes add Benedict's reagent to 1/2 full to one of the water and one of the saliva treated tubes. Mix well. Place in hot water bath 10 minutes.

5) To the remaining water and saliva treated tubes add 1 drop of IKI each, Mix.

6) Save your completed experiment, you will need the results to compare with the results of experiments 2 and 3.
What is your hypothesis for the control with the Benedict’s solution?  Explain.
What are your hypotheses for the experiment with the Benedict’s solution?  There are 2 possibilities here, address and explain both.
What is your hypothesis for the control with the IKI?  Explain.
What is your hypothesis for the experiment with the IKI?  Explain.

Do you reject or fail to reject each of your 5 hypotheses?  Address each.  What have you learned about your Amylase?

Experiment #2 Testing the effect of temperature on amylase activity

1) Preheat 2 tubes each of 0.5ml starch in the hot water bath for 5 minutes

2) Place > 1.0 ml saliva in an empty test tube and preheat it as well

3) Prechill 2 tubes with starch in the cold water bath for 5 minutes

4) Use you last empty test tube to pre-chill > 1.0 ml of saliva  

3) After 5 minutes, add 0.5 ml of "hot" saliva to each pre-heated tube of starch, mix, and return to the hot bath for another 5 minutes

3) After 5 minutes, add 0.5 ml of "cold" saliva to each pre-chilled tube of starch, mix, and return to the cold bath for another 5 minutes. 

4) After 5 minutes, add Benedicts to one hot and one cold tube (mix and heat for 5 minutes) and add IKI to the 2 other tubes. 
How do you hypothesize temperature will affect amylase in general?  Explain.
What happened (or would happen) in the Benedict’s solution?  Was this expected?  Explain.

What happened in the IKI experiment?  Was this expected?  Explain.
Experiment #3 Testing the effect of pH on amylase activity

1) Add 0.5ml of starch to each of 2 test tubes.

1) Add 1 drop of lemon juice to each. Mix.

2) Add 0.5 ml of saliva to each tube, mix, and let stand 5 minutes.

3) After 5 minutes add Benedicts to one tube (mix and heat for 5 minutes) and add IKI to the other tube.

How do you hypothesize a decrease in pH will affect amylase?  Explain.
What happened (or would happen) in the Benedict’s solution?  Was this expected?  Explain.

What happened in the IKI experiment?  Was this expected?  Explain.

Clean-up! Wash out the test tubes, flasks and bulbs with warm water. Rinse several times. Use the test tube brushes to remove the precipitate. Replace the tubes upside down in the test tube racks so they will drain. 
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Lab # 7: Actin and Myosin
Background:


Animal skeletal muscle cells use actin and myosin to generate movement. Individual muscle cells, called muscle fibers, are greatly elongated and contain several nuclei due to fusion of myoblast (precursor) cells. The actin and myosin (microfilaments) of muscle fibers are contained within myofibrils in an alternating pattern of contractile units called sarcomeres. The A band contains the myosin overlapping actin, the I band contains actin and Z lines are composed of intermediate filaments anchoring adjacent sarcomeres to each other. 


Actual muscle contraction is triggered electrically by motor neurons. This results in release of Ca++ ions within the muscle fibers from internal stores. The Ca++ binds to a complex of proteins (troponin and tropomyosin) attached to actin causing that complex to shift position exposing myosin binding sites on the actin. Myosin then binds to actin and begins its cycles of ATP driven head movements. The resulting sliding together of the actin and myosin microfilaments diminishes the width of the I bands of each sarcomere and shortens the muscle fiber.
In today’s exercise you will examine prepared slides of striated (skeletal) muscle fibers and observe sarcomere contraction of glycerated muscle fibers. The glyceration treatment of muscle tissue removes cell membranes, organelles, and troponin and tropomyosin. Thus application of ATP (in the presence of K+ and Mg++ which are required for the ATPase activity of the myosin heads) can be expected to contract the sarcomeres of glycerated muscle fibers. 
Assignment/questions:

1. Observe a prepared slide of striated muscle tissue (long section). At 400X you should be able to see individual muscle fibers and their nuclei. The A bands of aligned myofibrils are darkly stained. The Z lines are not visible so I bands from adjacent saromeres appear as a single lighter band between A bands. Prepare a diagram of part of a muscle fiber labeling the A and I bands and cell nuclei.
2. Using needles and forceps, tease apart the short section of glycerated rabbit muscle provided into very thin strands. You can do this by naked eye but it is easier done under a dissecting scope set to low magnification. You will get the clearest results with a single muscle fiber but this is difficult to achieve and thin strands of half a dozen or fewer fibers work well. 
3. WATER ONLY:  Mount a thin strand on a microscope slide. Lay the muscle fiber(s) as straight as possible. Add a drop of the water and cover with a cover glass. Using a millimeter scale measure the length of your strand of muscle fibers. Record. Observe at 400X. Estimate the number of sarcomeres across the field diameter.  Record.
4. WATER & ATP:   Add 2-3 drops of ATP solution to the slide at the edge of the cover glass so the ATP solution can wick under the cover glass to flood the fibers. Observe the fibers as the ATP solution reaches them. What appears to happen to the sarcomeres?  
a. Recount the number of sarcomeres per field diameter at 400X.  Record.  Measure and record the length of the strand in mm.  Does change in sarcomere number account for change in strand length?  Explain.
5. SALTS ONLY:  Tease apart another strand of muscle fibers and prepare a slide as before but mount it on a slide in a drop of KCl + MgCl salt solution instead of the water. Measure strand length in mm and number of sarcomeres & record. 
6. SALTS & ATP:  Add ATP.  Measure strand length in mm and number of sarcomeres.  Record.
7. Do you achieve more, less or similar strand shortening in the Salt + ATP compared to the Water + ATP?   Is the salt solution absolutely essential for ATP driven contraction?  Explain.
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Lab # 8: Respiration and Fermentation
Assignment/questions:

Experiment 1

Respiration by yeast: The Gilson Respirometer uses manometry (the measurement of changes in gas pressure) to determine consumption of Oxygen during respiration.  In principle, the consumption of oxygen in the closed volume of air over the respiring organisms reduces the pressure causing movement of liquid in the u-tube of the manometer that separates the volume of air surrounding the organism (respiration side) from the outside air or from a reference volume (reference side).  Since changing temperature will affect volume, the flasks of both the respiration side and reference side are held in a circulating water bath held at a stable temperature. 
Measurements of oxygen consumption are made at time points by adjusting the volume of the respiration side by adjusting the position of the plunger so that the manometer liquid returns to its starting position.  As the pressure change is zero (the manometer liquid is at its starting position), the change in volume (how far the plunger has to be moved) is the measure of oxygen consumption. 

As you should know respiration consumes Oxygen but also produces an equal amount of CO2.  In the respirometer the production of CO2 gas does not mask the consumption of Oxygen because of the presence of a well containing a KOH soaked paper wick (to increase surface area). The KOH solution absorbs CO2 from the air and converts it to bicarbonate.  

In this experiment you will demonstrate respiration by yeast and test the effects of two poisons that effect respiration. 

Procedure:

1) Your instructor will divide the class into 4 teams each team will conduct experiments using two of the 8 flasks of the respirometer (team A, flasks 1 and 2; team B flasks 3 and 4; team C flasks 5 and 6; and team D flasks 7 and 8).
2) Please be careful handling the flasks and removing/mounting them from/to the respirometer. They are fragile, expensive, and difficult to replace.
3) Begin by removing your flasks from the water bath by first raising and locking them in the raised position. Remove the holding springs and gently detach the flasks from the ground glass joint of the tubing. You will also need to remove the stem plug from the side arm port.

4) Loading the flasks. Using a disposable pipette place 3 mL of the stirring yeast solution (yeast + sucrose) in the sample reservoir.  At the front of the room, using the designated pipettes place 0.5 mL of 3.0 mM rotenone into the sidearm reservoir through the sidearm port of one of your flasks and 2.0 mM dinitrophenol (DNP) in the sidearm reservoir of the other flask.  Remember which flask is which.

Caution: rotenone and DNP are both poisonous. Wash your hands in the event of contact. 
5) Using a cotton swab apply stopcock grease to ground glass opening of both the flask and the sidearm port. Apply stopcock grease to the lip of the KOH well inside the flask. Be careful to get grease all the way around the lip otherwise the KOH in the well will climb over the lip into the sample resevoir killing the yeast and ruining the experiment.  Fill the “KOH” well 2/3 full with 6M KOH.  Accordionate one of the filter paper rectangles and insert this “wick” into the KOH using a pair of jeweler’s forceps.
6) Reattach the sidearm stem plug. Attach the flasks to the ground glass joint and return it to lowered position in the water bath. 

7) Once both flasks are in place in the water bath, allow both flasks to agitate at least 15 minutes (for the temperature to equilibrate).  Adjust the position of the meniscus marker so that it indicates the position of the top of the red manometer fluid in the u-tube.  Adjust the position of the plunger to near the top of its travel (i.e. between 100 and 200).  Do not attempt to raise it to zero as this may displace the gasket.  Close the valve and record the initial value.

8) Every 5 minutes (+/- 15 seconds) advance the plunger to reset the manometer fluid to its original position (at the meniscus marker) and record the value. Subtract the start value to give the volume (in microliters) of Oxygen consumed in five minutes.  Determine the average amount of Oxygen consumed in 5 minutes and report your data on the board.
9) Immediately after your third 5 minute time point (after 15 minutes), open the operation valve; if you proceed to the next step without opening the valve, the slight cooling of the flask that occurs will suck the manometer fluid into the flask causing your instructor to detonate. Once the valve is open, lift each of your flasks out of the water bath and gently tip the contents of the sidearms into the sample reservoir. Replace the flasks into the water bath and wait at least 5 minutes (for the flask temperature to re-equilibrate).  After re-equilibrating, close the operation valve and measure respiration for 3 more 5 minute periods as above. Compute the average rate of Oxygen consumption per 5 minutes using the entire class data over each of the 15 minute periods (i.e. before and after sidearm addition) for each of your two flasks.

10) After recording your last measurement open the operation valve for each flask. Dump the contents of the flask into the designated waste beaker (not into the sink).  Rinse the flasks several times with hot water, reattach them to the respirometer and return them to the water bath.

Questions: Use class averages to answer the following

1. Do your results suggest respiration was occurring in the flasks? How so? 
2. Rotenone is known to bind to the first member of the respiratory electron transport chain and prevent its reduction by NADH.  What do you predict will happen to Oxygen consumption in the presence of rotenone? Why? 
3. Did your results confirm your prediction?
4. DNP is a lipid soluble base.  It collapses pH gradients across membranes because it will tend to bind to H+ on the side of the membrane where it is in higher concentration and dissociate on the other side.  What effect would you predict DNP will have on Oxygen consumption?  Explain your answer. 
5. Did your results confirm your prediction?

Experiment 2

Yeast and sugar in a closed environment: Both the stirring beaker (which you used for the respirometer experiment) and the flask with the air-lock contain a mixture of yeast and sucrose in water. Observe the flask closely. 
Questions: 
       6.  What process is occurring in the stirring beaker?  In the flask? 
       7.  What is the gas that is escaping in both? 
       8. What other product(s) do you suspect is accumulating in the stirring beaker?   
In the flask?
9.  Is escaping gas evident to the same degree in the flask and the beaker?  How and       why do they differ?  (Hint: consider feedback inhibition).
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Lab # 9: Photosynthesis
This week you will again use the Gilson Respirometer, but this time to demonstrate production (rather than consumption) of Oxygen during photosynthesis. 

As you should know photosynthesis produces Oxygen but also consumes an equal amount of CO2. In today’s experiment the consumption of CO2 gas does not mask the consumption of Oxygen, however, because we will be measuring photosynthetic Oxygen production by an aquatic plant and supplying the CO2 as dissolved in water as CO3H- (bicarbonate). Gas molecules take up more volume than molecules of a liquid. Water has limited capacity for Oxygen so it will be released as a gas while the bicarbonate is highly water soluble.  

Procedure:

1)  As last week you will be divided into 4 teams each team will conduct experiments using two of the 8 flasks of the respirometer (team A, flasks 1 and 2; team B flasks 3 and 4; team C flasks 5 and 6; and team D flasks 7 and 8). You will begin with the respirometer illuminated by a 1000 Watt metal halide bulb to drive photosynthesis.

2)  Please remember to be careful handling the flasks and removing/mounting them from/to the respirometer. They are fragile, expensive, and difficult to replace. 
3)  Into one flask gently place an approximately 7 cm long section of the aquatic plant Elodea into the bottom of the sample reservoir. Add 6 ml of the pond water the sections are floating in to the sample reservoir (NaCo3H (baking soda is already dissolved in the water). Grease the flask and sidearm openings. Reconnect the sidearm stem plug. Attach the flask to the respirometer and lower it into the water bath.
4)  Prepare your second flask as above but as an experimental control. Place only the 6 ml of pond water and NaCo3H into the sample reservoir (no Elodea plant). Grease and reattach as above. This control will allow you to determine if changes in gas volume are due to the presence of the plant alone.
5)  Allow both flasks to wait at least 10 minutes for the temperature to equilibrate.  As the bath is at a lower temperature equilibration should take less time this week.  Adjust the position of the meniscus marker so that it indicates the position of the top of the red manometer fluid in the u-tube.  This week, since O2 will be produced not consumed, adjust the position of the plunger to near the bottom of its travel (i.e. set it at 500). Record the initial value.
6)  After equilibration, start the experiment by closing the operation valves. Every 5 minutes (+/- 15 seconds) back up the plunger to reset the manometer fluid to its original position (at the meniscus marker) and record the values for both of your flasks. Subtract the start value to give the volume (in microliters) of Oxygen produced in five minutes.  
7)  After all groups have taken their fourth 5 minute time point (after 20 minutes), turn off the metalhalide lamp and turn off the back half of the room lights. Measure gas changes in your two flasks for 4 more 5 minute periods as above. Compute the average rate of Oxygen production (average change in volume per five minute period) over each of the 20 minute periods (i.e. with and without light).
8) At the conclusion of the experiment, first open the operation valve for each flask. Dump the contents of the flasks into the “pond”. Use a pair of curved forceps to gently remove the Elodea and return it to the “pond”. Rinse the flasks several times with hot water, reattach them to the respirometer and return them to the water bath.
Questions:  
1. Do the class means (from experimental and control flasks) suggest photosynthesis was occurring in the flask with Elodea during the day?  Without Elodea during the day?  At night with and without Elodea?
2. The compound DCMU (3-(3,4-dichlorophenyl)-1,1-dimethylurea) is sold as a herbicide under the trade name Diuron. It is known to bind to a member of the electron transport chain between photosystem II and photosystem I preventing oxidation-reduction reactions. If we added DCMU to the experimental flask, what do you predict would happen to the gas changes in the light? Explain your answer.
3. As you know rotenone binds to the electron transport chain in the mitochondria. However, it has no effect on electron transport in the chloroplast. What would happen if you added rotenone instead to the experimental flask, what do you predict would happen to the gas changes in the light? Explain your answer.
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Lab #10: Mitosis
Procedure
1.  Obtain a slide of Allium root tips.  Be able to focus on individual cells near the tips of the root.  This is the part of the root where the most growth is occurring.  You should be able to see cells at 100X but will probably need 400X (or 450X) to see clearly enough to proceed to step 2.

2.  Examine a single cell located near the tip of the growing onion root tip.  Determine if the cell is in interphase, prophase, metaphase, anaphase, telophase, or cytokinesis.  Place a mark on the table below that indicates the stage of the cell cycle that the cell is in.

3.  Repeat step 1 for 49 more cells.  When done, there should be 50 marks on the table (one mark for each cell).  

4.  Repeat 1-3 for another root tip.  You should end up with a total of 100 marks on the table.

5.  Calculate the proportions, and estimate the amount of time spent in each phase and subphase.  The table will lead you through how this works.  Take the number of cells in a particular phase, divided by the total number of cells examined (i.e., 50), then multiply by 24 (the number of hours an average onion root tip cell takes to complete the entire cycle.  This should give the hours a cell spends in each phase.

FILL-IN this table with the results of your count of 100 cells







            
  # of hours an onion








          
                 cell spends in this









      phase/subphase

Phase/Subphase          
    # of cells in

calculation             of the cell cycle

Interphase





    / 100 =

    X 24 =

Prophase





    / 100 =

    X 24 =


Metaphase





    / 100 =
 
    X 24 =


Anaphase





    / 100 =
  
    X 24 =


Telophase





    / 100 =

    X 24 =


Cytokinesis





    / 100 =
 
    X 24 =


Mitosis = add the number of hours spent in each subphase    =     ___________________
                                (prophase + metaphase + anaphase + telophase)
1.  Provide a hypothesis indicating the order of the 3 main phases in the cell cycle (interphase, mitosis or cytokinesis) from the slowest to the fastest.  As always, include background information and reasoning for your hypothesis. 

2.  Which phase (interphase, mitosis or cytokinesis) does an onion root tip cell spend most of its time in?  The least time?  Can you explain these observations (i.e., why is one process very brief while another is very long)?  Does this lead you to reject or fail to reject your hypothesis? 

3.  Which subphase (prophase, metaphase, anaphase or telophase) does an onion root tip cell spend most of its time in?  The least time? Can you explain these observations (i.e., why is one process very brief while another is very long)? 

4.  Do you think that all types of cells spend the same amount of time in each stage as onion root tip cells?  Explain your answer. 

5.  View a prepared slide of a budding Hydra under lowest power. Make a diagram showing    the developing bud.   Is this an example of asexual reproduction, mitotis, or both?  Explain.
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Lab#11: Genetics Problems

(monohybrid crosses) 


1) 
In a cross between a Tt individual with another Tt individual what will be ratio of expected phenotypes and genotypes in the progeny? Use a Punnett square to determine the expected result.

2) 
What is the expected result of a cross between aa and Aa?

3)
What is the expected result of a cross between bb and BB?

4) 
In pea plants, spherical seeds (D) are dominant to dented seeds (d). In a genetic cross of two plants, one heterozygous for the seed shape trait and another from true breeding dented seed stock, what fraction of the offspring should have spherical seeds?
5)
When true-breeding tall stem pea plants are crossed with true-breeding short stem pea plants, all of the progeny plants had tall stems. When these progeny were crossed, 3/4 of the plants resulting had tall stems. Explain the results.

6) 
The brown allele is dominant over the blue allele for the human eye color trait. In a large family both parents are brown eyed. Their 12 children are all brown eyed except for one, who has blue eyes. What are the genotypes of the parents?  Given the parents genotype, how many of 12 offspring would you have expected to be blue eyed?

7) 
In humans, Rh+ blood (DD or Dd) is dominant over Rh- blood (dd). 

a) What proportion of the children would be expected to be Rh+ if the parents were heterozygous?
b) An Rh+ man marries an Rh- woman, their child is Rh-. What is the man’s genotype? 

8) 
In humans, red-green colorblindness is a sex linked trait (i.e. the gene for normal color vision is located on the X-chromosome). If a woman with normal vision gives birth to a color-blind son what can you tell about her and the father’s phenotype and genotype?  What can you tell if her daughter is color-blind as well?

9) 
Purebred holstein cattle are, in part, defined as being black and white. A superb black and white bull, Charlie, was sold as purebred to a farmer for a considerable sum. The progeny sired by Charlie and a true breeding female were all black and white. Certain pairs of his progeny, when interbred, produced red and white progeny with a frequency of near 25%. Charlie’s owner has pursued legal action against Charlie’s previous owner. 

a) Explain precisely why using symbols. 

b) Not all pairs of Charlie’s progeny, if interbred, produce some red and white offspring? Why? 

c) If a single calf is produced from the breeding of a randomly chosen pair of Charlie’s first set of offspring, what is the likelihood that it will be red and white?
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Lab #12: Genetics Problems
(dihybrid & multihybrid crosses)
Analysis of a dihybrid cross using probability:

Cross: 
YYRR / yyrr

(Y = yellow, y = green; R = round, r = wrinkled) F1 = YyRr

 Then allow F1 to self fertilize: YyRr / YyRr
1) Compute the probability of seed color and seed shape as independent events:
a) Seed color (i.e Yy / Yy)


b) Seed shape (i.e. Rr / Rr)

sperm
x   egg
=   zygote

sperm
x   egg
=   zygote
1/2 Y
x   1/2Y   =   1/4 YY

1/2 R
x   1/2R    =   1/4 RR

1/2 Y
x   1/2y    =   1/4 Yy

1/2 R
x   1/2r     =   1/4 Rr

1/2 y
x   1/2Y   =   1/4 Yy

1/2 r
x   1/2R    =   1/4 Rr

1/2 y
x   1/2y    =   1/4 yy

1/2 r
x   1/2r
    =   1/4 rr

Phenotype: 






Phenotype: 

3/4 Smooth (1/4YY + 1/2 Yy)


3/4 yellow (1/4RR + 1/2 Rr)

1/4 wrinkled (1/4 yy)




1/4 green (1/4 rr)

2) Compute the likelihood of seed color and seed shape occurring together:

 Seed shape

x

seed  color
=
dihybrid zygote

3/4 Smooth

x

3/4 yellow
=
9/16 Smooth yellow

3/4 Smooth

x

1/4 green
=
3/16 Smooth green

1/4 wrinkled

x

3/4 yellow
=
3/16 Wrinkled yellow

1/4 wrinkled

x

1/4 green
=
1/16 Wrinkled green

Analysis of a multihybrid crosses using probability:
1)  monohybryid possibilities:

Cross 


Possible outcomes (genotypes)
AA x AA

1/1 AA

AA x aa

1/1 Aa

Aa x aa

½ Aa, ½ aa

Aa x AA

½ AA, ½ Aa

Aa x Aa

¼ AA, ½ Aa, ¼ aa

2) Compute the likelihood of multiple traits occurring together:

Example: Cross AaBbCcdd x AaBbccDD

What is the likelihood of a tetraheterozgous offspring (i.e. AaBbCcDd)?

Answer: ½ x ½ x ½ x 1 = 1/8  

1) Let R = red flowers, r = white flowers, T = tall plants, and t = short plants. What combination of gametes will be produced by an individual heterozygous for both pairs of genes? 
2) If a that same red flowered tall plant heterozygous for both genes (i.e. RrTt) is crossed with another plant of the same genotype, what proportion of the progeny will be white flowered and short (i.e. rrtt)?
3) What genotypes, and in what proportions, would be expected to result from a cross between AaBb and AaBb? What phenotypes and in what proportions would be expected?
4) In cattle, hornless (HH or Hh) is dominant over horned (hh); black coat color (BB or Bb) is dominant over red (bb). A bull heterozygous for both hornless and black traits is crossed with a red cow heterozygous for hornless. What is the likelihood of the expected phenotypes and genotypes of the progeny?
5) If a plant with the genotype DdEeFf is crossed with a plant with the genotype DdEeff. Only one seed results. What is the likelihood that it is heterozygous for all three traits? 
6) Consider three independently assorting gene pairs: A/a, B/b, C/c. 
a) What is the probability of obtaining an offspring that is AABbCc from parents 

that are AaBbCC and AABbCc?
b) What is the likely hood of obtaining a triple recessive from the same parents?
c) Of all offspring of these same parents what proportion would express the dominant 

    phenotype for all three traits?
7)  In a cross between AaBbCcddEE and aabbCCDdEe, what proportion of the offspring would be heterozygous for all five genes?
8) Gilligan, a sailor who has, like all of his countrymen, long pinky fingers, hairy ear rims, and a beaked nose (traits all of which are conferred by dominant alleles) is the sole survivor of a shipwreck on a remote uncharted desert island where the all the members of the native population have short pinky fingers, hairless ear rims, and ski-jump noses. Assuming that the native alleles are recessive and that marriage between near relatives is taboo, what is the likelihood that Gilligan’s great grand children will also have all three of his distinguishing traits (i.e. long pinky fingers, hairy ear rims, and a beaked nose)?

Biol 150
Lab # 13 DNA Isolation

1.  Work in teams of 4.  Each team will need 2 beakers (250 ml & 400 ml), a glass rod, and a thermometer.  Begin by washing all glassware, even if it appears clean.

2.  Pre-chill 35 ml of ethanol in a 250 ml beaker.

3.  Dice 50 g (+/- 10 g) of onion bulb into 3 X 3 mm cubes or smaller.

4.  Combine diced onion and 30 ml of homogenization medium (100 mM KCL, 10 mM EDTA and 1.5% SDS) in a 400 ml beaker.  The KCL is intended to prevent hydrogen bonding between DNA molecules and the associated histone proteins.  The EDTA precipitates divalent ions that stabilize membranes and SDS is a detergent that disrupts membranes.  
5.  Place the onion/homogenization medium beaker in the hot water bath at 60 – 70 degrees C for 15 minutes.

6.  Cool the onion/homogenization medium beaker in the ice bath until it is less than 15 degrees C.  Cooling will keep the DNA from denaturing during isolation.

7.  Pour the onion/homogenization medium into a chilled mortar.  Grind thoroughly with a chilled pestle.  Avoid contacting the liquid and surfaces it touches as much as possible.  All eukaryotic cells synthesize DNAases that will hydrolyse DNA on contact.  These enzymes protect your cells’ cytoplasm from viral DNA.  Your skin cells also release DNAases onto the skin surface.
8.  Slowly pour the grindate back into the beaker through cheesecloth.  Very slowly layer on the chilled ethanol.  
9.  The DNA is not soluble in ethanol and will precipitate at the water/ethanol interface.  Use the glass rod to spool up the DNA.  Groovy, eh?

Questions

1.  Why does the procedure begin with a heating step?   (Hint: Try answering #2 first.)

2.  If eukaryotic cells synthesize DNAases, why do these enzymes not destroy the cell’s own DNA?

3.  Describe the appearance of isolated DNA.  What properties of the molecule might account for this appearance?

