Molecule to Organism Laboratory #2

Eukaryotic Cells and their subcellular parts: Differential Centrifugation

Donald Morisato, Nancy Murray and Aaron Barnes.

Lab aides: Brook Clemons and Hans Sendelbach

Background

In order to study the parts of a cell (organelles), the cell has to be separated into its component parts by cell fractionation while still maintaining the properties of the individual organelles. A number of methods have been devised to "break open" (lyse) the cell. Among these are ultrasonic vibration, os​motic shock, and grinding. Here we use the grinding action of a blender to lyse the cells so that the parts can be separated without damage. The resulting material is referred to as cell homogenate or cell extract. Differences in physical characteristics of organelles, such as size, shape, and density, make it possible to separate them by spinning in a centrifuge at various speeds and for different periods of time. This process is appropriately called differential centrifugation. The larger components tend to settle first. Only slow‑ and medium‑speed centrifugation is required for this activity.

Amyloplasts (if you don’t know what these are, you should find out before lab!) will be the first to separate, followed by the nuclei and then the chloroplasts. As a result of centrifugation, the larger material tends to settle at the bottom of the centrifuge tube. This material is called a pellet. The liquid that floats above the pellet is called the supernatant. In this lab, the first pellet will contain amyloplasts; as the major component, making it white with a tinge of green from the chloroplasts. The second pellet is most likely to contain nuclei. Most of the chloroplasts will settle into the second and third pellets as evidenced by the characteristic green color. The final supernatant will contain mitochondria and most of the protein. This is useful to know, especially if you plan to do future labs involving assays for mitochondria and protein. We will do such an assay in this lab execise.

Microscopic examination of the various products of centrifugation will reveal three organelles: amylo​plasts, nuclei, and chloroplasts. Amyloplasts contain starch, which will appear purple due to reaction with Lugol's iodine. The nuclear material will appear blue due to reaction with methylene blue. The chloroplasts are oval shaped and will appear green due to their characteristic color.
In this exercise, you will separate the organelles from the cells of pea seeds note the nod to Mendel!) using differential centrifugation. You will identify the types of organelles in the many cell fractions by using specific colorimetric staining reactions.

Objectives

1. Describe how cell structure can be studied by fractionating cells.

2. Determine the presence of cellular organelles within a cell fraction.

Procedure

Work in pairs. See Figure 1 for a flow chart of this experiment. A sample of pea seeds has been soaking overnight in a saline buffer solution to soften.

1. The soaked peas should be placed in a blender with 500 mL of ice‑cold buffer and the blender operated at high speed for one minute. The resulting homogenate will be the starting material. Filter the homogenate through several layers of cheesecloth into a 250 mL beaker. 

2. Fill a 15‑ml centrifuge tube with homogenate until it is three‑fourths full. Have your lab partner do the same so that there is an equal amount of material in the two tubes. Write your initials on the side of the tube with a Sharpie pen.

2.
Place your tube in a clinical centrifuge opposite your lab partner's tube. (The rotor must always be balanced with equal weights or volumes opposite each other.)

3.
Close the top of the centrifuge and slowly increase the speed to 200 X gravity (200 X g) Centrifuge for 3 minutes.

4. While your material is in the centrifuge, obtain some of the cellular debris left on the cheesecloth when your instructor prepared the "pea soup." Place a small amount of this material on a slide and add a drop of water. Cover with a coverslip and observe the material using the light microscope (magnification 40X)

In your lab notebook:

a. Describe what you observe.

b. Do you see cell wall fragments? ‑ If yes, describe them.

c. Do you see intact cells?

d. Add a drop of Lugol’s solution at the edge of the coverslip. What does this stain?

e. Describe what you see.

5. After centrifugation is complete, use a Pasteur pipette to remove a small amount of sediment from the bottom of each tube and save it in a clean, labeled test tube. Return the original tubes to the centrifuge (a balanced pair) and slowly increase the speed to 1,300 X g. Centrifuge for 10 minutes.

6. While your material is in the centrifuge, investigate the contents of the sediment. Place a drop of the sediment on a slide and mix it with a drop Of I2KI. Cover with a coverslip and observe at 40X. Pea seedlings store food reserves as starch grains. Starch grains have characteristic shapes and are sometimes used for classifying plants.

In your lab notebook,

a. Describe the structure of the starch grains you observe.

b. Why are they stained blue?

c. Why are there so many starch grains in pea seeds?

7. After centrifugation is complete, carefully remove your sample tubes from the centrifuge.

Describe what the contents of the tube looks like in your lab notebook.

8. Nuclei and chloroplasts will be in a green layer above the sediment. Do you see this layer? Hold the tube in front of a light source and, using a Pasteur pipette, carefully remove material from this layer. (You will have to place the tip of the Pasteur pipette next to the side of the tube. You may wish to mark the pipette tip with a waterproof black marker to make it easier to see.) After removing this material, store the centrifuge tube on ice.

9.
Place the material you remove into a small test tube on crushed ice. Add 4 ml of phosphate buffer and resuspend the contents. Use one drop of the material to make a wet‑mount slide. Observe using high power (greater than 40X if possible).

Describe what you see in your lab notebook.

10. Mark two new test tubes A and B and put approximately 2 ml of the sample into each tube. Cover tube with aluminum foil. Keep both tubes on ice. Place 2 ml of phosphate buffer into a third tube and label this tube C.  Add 0.1 ml of 1 mM DPIP to each tube. Cover with parafilm and mix by inverting. Use the spectrophotometer to read the absorbance at 600 nm for each of the three tubes and record your data in the before column of Table 1. Tube C is your blank.

Table 1


Color

Absorbance (600 nm)



Tube
Before
After
Before
After 
Difference

A








B

(dark)






C








DPIP (2,6‑dichlorophenol‑indophenol) is a blue dye that can act as a hydrogen and electron acceptor. During the light‑dependent reactions of photosynthesis, DPIP can substitute for NADP and is reduced by the addition of hydrogen and electrons. When DPIP is reduced it becomes colorless.

If DPIP, when mixed with the chloroplast sample, loses its blue color, what is probably happening in the sample?

11.
Form a hypothesis that predicts what changes you might expect in the three tubes and why this is so.

HYPOTHESIS:

12.
Illuminate the three tubes with a 100‑watt light. After 30 to 45 minutes, record your results in Table 1 by both observing the color in the three tubes and by reading the absorbance at 600 nm.

a. Do your results support your hypothesis? ‑ How do tubes A and B compare?

b. What do you conclude about the contents of the green layer formed during the cell fractionation?

13.
Locate the centrifuge tube on ice (end of step 8). Into a clean test tube add enough of the yellow‑green supernatant layer to fill the tube approximately one‑third to one‑half full, and label this tube X. Carefully pour off the remaining supernatant from the centrifuge tube. Suspend a sample of the sediment in an amount of phosphate buffer equal to the contents of tube X. This should produce a slightly cloudy, translucent mixture. Label the tube Y Into a third tube add an amount of phosphate buffer equal to that in tubes X or Y, and label this Z.

14.
You will use the dye tetrazolium to test for mitochondrial activity. Tetrazolium will indicate whether the mitochondrial electron transport system is present and working. Tetrazolium can act as an electron acceptor (in place of cytochrome in the electron transport system) and will turn red when reduced by addition of electrons.

a. The yellow‑green supernatant contains chlorophyll pigments from broken chloroplasts, but what

else might it contain?

b. How does the size of mitochondria compare with that of chloroplasts?

15.
Form a hypothesis that predicts which cellular fraction (X or Y) contains mitochondria and why this is so.

HYPOTHESIS:

NULL HYPOTHESIS:

16.
Add 1% tetrazolium solution to tubes X, Y, and Z to fill each tube approximately two‑thirds full (the amount of tetrazolium should be equal to the amount of homogenate in the tube).

17. Place all three tubes in a water bath (40(C). Place a 100‑watt light, aimed directly at your samples for 30 minutes.

18. RESULTS: After 30 minutes, record your observations in the following table.

a. Do your results support your hypothesis?

b. What can you conclude about the size of mitochondria relative to the size of chloroplasts in pea seeds?


Table 2

Tube
Color

X




Y




Z
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Figure 7D-1  Cell fractionation procedure.
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