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Fractionation of Plant Cell Organelles

by Differential Centrifugation

(Adapted from Introduction to Cell Biology, by Chris Brinegar. Burgess, 1997)
a) Introduction  


Organelles are structures inside eukaryotic cells that perform specific functions, such as ATP production by the mitochondria organelles and photosynthesis by chloroplast organelles. Most of what we know about organelle function has come from the study of intact organelles that have been isolated from cells. “Cell fractionation” is the process of separating the organelles of a cell so they can be studied individually. For example, if a researcher is interested in studying the Golgi organelle, they would fractionate the cells so as to separate the Golgi organelles from all the other parts of the cell. These “other parts of the cell” include other organelles, soluble cellular components that are dissolved in the cytoplasm (such as enzymes and ribosomes), and insoluble cell debris (such as cell walls). 


The first step in cell fractionation is to break open the cell without causing damage to the organelles. This can be achieved in several ways. One way is mechanical disruption, which is any process that physically tears open the cell membrane. Examples of mechanical disruption include shearing the cells in a blender or by grinding the cells in a mortar and pestle. Mechanical disruption is usually done in a buffered isotonic solution. The solution is buffered to protect the organelles from pH changes, and it is isotonic so that the organelles are not damaged by gaining or losing water. Since mechanical disruption tears open the cell membranes, you may wonder why it doesn’t also damage the organelles. The answer is that organelles, being much smaller than the cell, can withstand greater shear forces and grinding. 


Cells can also be broken open using osmosis. If the cells are put into water or a hypotonic buffer, water will rush into the cells until they burst. Osmotic disruption, however, can also burst the organelles, so this method is not appropriate for isolating intact organelles. 


How you disrupt the cell depends on the cell type. In general, animal cells are very easy to break since they have no cell wall protecting the membrane. So very mild shearing is sufficient to release their organelles. Plants, on the other hand, have rigid cell walls, so greater shear forces or grinding are needed to break these walls. 


Once the organelles are released, the next step is to separate them from each other and the other cell materials. The usually this is done by centrifugation: The broken cells are put into a special test tubes then placed in a centrifuge which spins them rapidly. 

The spinning generates a centrifugal force that pushes downward on the test tube contents. The materials that settle to the bottom of the tube are called the “sediment” or the “pellet”. The liquid above the pellet is called the “supernatant” 



There are two methods of centrifugation that are routinely used to isolate organelles: Differential centrifugation (which fractionates organelles according to their size, shape or density) and equilibrium density centrifugation (which fractionates organelles only on the different densities of the organelles). 


In differential centrifugation the homogenized tissue is centrifuged at a very low speed which generates a centrifugal force no more than 1000-2000 X g (“g” is the force of gravity). The centrifugal force causes the unbroken cells, cell wall fragments and very large organelles to settle at the bottom of the tube. By removing the supernatant (non-sedimented material) and re-centrifuging it at a higher centrifugal force, the smaller organelles and cell components sediment out of the supernatant. (See illustration on the last page of this handout). This procedure results in significant cross-contamination of organelle fractions but is quick and adequate if you need an enriched, rather than purified, fraction of that organelle. 


The second method, equilibrium density centrifugation, involves layering the cell homogenate onto a solution of sucrose (or other viscous liquid) that has formed a density gradient. That is, the sucrose is at a low concentration (low density) at the top of the tube but the density gradually increases toward the bottom of the tube. As the tube is centrifuged, the cell organelles are forced into the sucrose. Once they reach a region in the sucrose that has the same density as the organelle, the organelle will stop moving and will form a band at that position. In other words, each organelle will stop sinking when it finds its own density in the sucrose. (See illustration on the last page of this handout). Since most organelles have different densities, this is a superior method for obtaining purified organelle fractions. Often these two methods are combined: an organelle is partially purified  (or “enriched”) by differential centrifugation and further purified by equilibrium density centrifugation. Although you will not use equilibrium density centrifugation in today’s lab, you should understand how it works and how it differs from differential centrifugation. 


In today’s lab your goal is to fractionate three types of organelles from pea plant cells by differential centrifugation: Amylopasts (starch-containing organelles, common in seeds and roots), chloroplasts, and mitochondria. You will confirm that you have isolated each organelle from the sediments or supernatants by viewing the organelle with your microscope or by testing chemically for its presence. Before you begin, it might be helpful to review the appearance and function of these plant cell organelles in you textbook (See textbook chapter on photosynthesis and read the text on mitochondria, chloroplasts, and amyloplasts).
b) Fractionation of plant cell organelles by differential centrifugation

1) The laboratory technician has started this activity for you. She soaked peas in cold isotonic sucrose buffer, then blended them in a blender to tear open the cells, then lastly filtered the homogenate (the blended material) through cheesecloth into a beaker. The part of the homogenate that passes through the filter is called the “filtrate”. The part that is trapped in the cheesecloth is called the “residue”.

2) Obtain a plastic microcentrifuge tube. Write your group’s name on the side and write P1 on the lid. Next, mix the filtrate thoroughly by swirling, then transfer 1 ml of the filtrate to your centrifuge tube. Find another lab group that is ready to centrifuge the filtrate also. Go to the electronic balances (the scales). Place your group’s tube on a scale and the other group’s tube on another scale. Make sure the two tubes are exactly the same weight to within 0.1 grams (otherwise the centrifuge might become damaged by an imbalance). If the tubes do not weigh the same at first, carefully remove some of the filtrate from the heavier tube until balance is achieved. 

Next, put both tubes in the centrifuge. The two tubes must be placed 180º opposite each other on the rotor. This insures that the weight is evenly balanced. Have the instructor check the positions of the tubes before you start the centrifuge. Then screw down the cap on the rotor, close the lid, and set the centrifuge to run at 700 rpm (low speed) for five minutes. This causes larger and denser organelles to pellet at the bottom of the tubes. Smaller and lighter organelles will remain in the supernatant. 

While you are waiting for the centrifuge, do the demonstration slide viewing and sketching. The instructions are in section C, below. 

3) When the centrifuge comes to a stop, remove your tube. Using a disposable pipette, transfer the supernatant to a new clean microcentrifuge tube labeled P2. Try to transfer as much supernatant as possible, but be careful not to transfer any of the pellet. Keep your original tube (the tube labeled P1 that contains the 700 rpm pellet) on ice. 

4) Find another lab group ready to centrifuge their P2 tube. Again, use the balances to make sure your tube and their tube weigh the same to 0.1 gram. Place the two balanced P2 tubes in holders 180º opposite in the centrifuge then centrifuge at 7000 rpm (higher speed) for 5 minutes. Be sure the lid is on the rotor. Centrifuging at 7000 rpm causes almost all the organelles in the supernatant (except the very smallest and lightest) to pellet to the bottom of the tube. 

5) After you have removed your P2 tube from the centrifuge, transfer its supernatant to a new clean centrifuge tube labeled S2 (for Supernatant 2) and store this tube on ice. Also store the P2 tube (which contains the pellet from the second centrifuging) on ice. 

You should now have three tubes on ice: P1 (the pellet from the first centrifuging), P2 (the pellet from the second centrifuging), and S2 (the supernatant from the second centrifuging). Show your instructor these tubes before continuing.

6) Add 1.5 ml of the sucrose buffer to the tube containing the P1 pellet. Also add 1.5 ml of sucrose buffer to the tube containing the P2 pellet. Use a transfer pipet to gently resuspend each pellet in the buffer solution by digging at the pellet with the tip of the pipette while also drawing the mixture into and out of the pipet. Do this for two minutes, until the pellets are totally homogenous. In other words, when the pellets are correctly resuspended, there should be no chunks or bits of the pellet left. Just smooth solution. 

c) Microscopic viewing of amyloplast and chloroplast organelles.  


To perform today’s activity correctly, you must be able to recognize amyloplasts and chloroplasts under the microscope. Your instructor has set up a microscope (at 400X total magnification) for viewing a mixture of plant cell organelles, including amyloplasts and chloroplasts. 


Take a few moments to visually familiarize yourself with these organelles by viewing them under the microscope. The amyloplasts appear as large white oval or bean shaped organelles. They are white because of the starch inside. The chloroplast organelles are green, round or oval, and are much smaller than the amyloplasts. You will not be able to see any mitochondria because they are too small for viewing with our microscopes. 


In the space below, sketch and label one amyloplast and one chloroplast . Next to each organelle, write an estimate of its size in um (there are 1000 um per mm). You may need to refer back to the microscopy lab for the field of view size at 400X.  Show your instructor your sketches before continuing. 
d) The tetrazolium test for mitochondrial activity

Recall that the goal of this lab is fractionating (separating) the organelles of cells so that the organelles can be studied individually. The centrifuging and pipetting that you performed in the previous section should have separated many of the organelles into different test tubes. Now you will begin to find out which organelles from the cells are in which test tubes. 

One of the most important organelles is the mitochondria, sometimes referred to as the powerhouse of the cell. It is the organelle that makes ATP. Tetrazolium is a chemical that is used to detect mitochondria organelles. Note that tetrazolium is a poison and should be handled with gloves. Keep all tetrazolium tubes in the fume hood!
1) Obtain 4 glass test tubes. Label them P1, P2, S2, and Sucrose buffer. 

2) Using a transfer pipette, transfer all of the P1 solution into the P1 glass tube. Then transfer 4 drops of the P1 solution from this glass test tube right back into the plastic P1 microcentrifuge tube. Why are you transferring 4 drops back? In a later section of this experiment, you will view these four drops under the microscope.     

3) Repeat step 2 with the P2 pellet and with the S2 supernatant. Lastly, add 1.5 ml of pure sucrose buffer to the glass test tube labeled Sucrose. This last tube will be the negative control for the tetrazolium test, since pure sucrose buffer should contain no mitochondria. 

4) Working in the fume hood with gloves on, gently layer 12 drops of the tetrazolium solution to the surface of all 4 glass tubes. The tetrazolium solution should float because it is less dense than the sucrose. Do not mix the two layers.

5) Incubate the tubes in a 37oC water bath for 45 minutes. While the tubes are incubating, you should start the next section of this lab (Section (e): Microscopic examination of fractionated organelles). Note that you will not view anything from the glass tetrazolium tubes under the microscope. 

6) After 45 minutes, inspect the tubes. Do not take them out of the hood to inspect them. A pink/red color at the interface between the layers indicates that mitochondria are present. The color is caused by tetrazolium reacting with the NADH produced by the mitochondria. Show your instructor the tubes before continuing. Record your mitochondria detection results in the data table in the results section. 

7) Clean up: Leave the poisonous tetrazolium tubes in the fume hood. The technician will clean them up for you.

e) Microscopic examination of the fractionated organelles


In this section, you will identify which fractions contain amyloplast organelles and which fractions contain chloroplast organelles. You will do this by viewing samples of each fraction under the compound microscope. Remember that chloroplasts are small green organelles, whereas amyloplasts are large white starch-filled organelles. 

1) Obtain 3 microscope slides and 3 cover slips. Label the slides P1, P2, and S2. 
2) Use a transfer pipette to add 1 ml of sucrose buffer to the four drops of resuspended P1 (in the plastic tube on ice). Do the same for the tube containing the four drops of resuspended P2 and for the tube containing the four drops of S2. 

3) Transfer one drop of your resuspended P1 solution onto the appropriately labeled microscope slide, Place a cover slip on the slide. View it first with the 4X objective lens. You should be able to see amyloplasts organelles. Sometimes the organelles are not evenly distributed on the slide. Scan around for a “representative” area of the slide that has an average distribution of the organelles. 

4) Once you have identified an area of the slide with a representative number of organelles, center that area in your field of view. Then switch to the 10X objective lens and refocus, then switch to the 40X objective lens and refocus.  

At 400X power (the 40X objective lens), count the number of amyloplasts and the number of chloroplasts in your field of view. In the data table, record these numbers for P1. 

5) Repeat steps 4 and 5 with your P2, and S2 tubes.  Show your instructor the data table before continuing.

7) To verify that the organelles that you counted as amyloplasts are actually amyloplasts, stain them with iodine. Carefully lift the cover slip of each slide, then add one drop of iodine. Replace the cover slip and wait 5 minutes for the iodine to stain the starch blue. After 5 minutes, review the slides to confirm that your amyloplasts were really just that. 

8) Clean up: Wash all microscope slides with water. Be sure to remove any writing. Return the slides to their boxes. The cover slips go into the glass waste (not the regular garbage). All plastic test tubes can go in the trash.

f) Data table

a) Record the number of amyloplast and chloroplast organelles you observed in fractions P1, P2, and S2

b) Record the percent of amyloplast and chloroplast organelles compared to their combined total for each fraction. For example, if you counted 15 amyloplasts and 10 chloroplasts in faction P1, the amyloplast percentage is 60% (15 amyloplasts / 25 total organelles) and the chloroplast percentage is 40% (10 chloroplasts / 25 total organelles).  

c) Record which fraction contained the most mitochondria organelles (based on the amount of pink color in the tetrazolium test). Write “Most” in the blank space for that fraction.  





P1

   P2

    S2

Mitochondria



 



Amyloplasts (number)  





Amyloplasts (percent)  





Chloroplasts (number)  





Chloroplasts (percent)  






Which fraction (P1, P2, or S2) was enriched in…


a) Amyloplasts: _______



b) Chloroplasts: _______



c) Mitochondria: ________
g) Review questions


1) Define the following terms:



Organelle



Cell fractionation



g (as in “centrifuge samples at 1000 x g”)



Filtrate



Supernatant



Pellet

2) Give some examples of how cells are mechanically disrupted.


3) Usually a solution is added to cells before they are mechanically disrupted. 

Describe this solution and how it protects the organelles. 

4) In today’s lab, a blender was used to tear open the cells. Why wasn’t osmosis used?

5) Why are plant cells harder to disrupt than animal cells? 

6) In today’s lab, you used a chemical test to learn which fractions had mitochondria. Why didn’t you use microscopy, as you did to find the fractions that contained chloroplasts and amyloplasts?


7) Which gives purer organelle isolation, differential or equilibrium density 

    centrifugation?

8) In equilibrium density centrifugation, the organelles sink into the sucrose in the test tube then stop. What defines their stopping point in the sucrose? 


9) In differential centrifugation, some organelles stay in the supernatant and some 

form a pellet at the bottom of the test tube. Why?

10) Differential centrifugation usually involves centrifuging a test tube, transferring the supernatant to a second test tube, then centrifuging the second test tube. In terms of the settings on the centrifuge machine, what is the difference between the first centrifuging and the second centrifuging?

11) The circles below represent 4 different organelles, called A, B, C, and D. 







    A

        B

        C

D

If you were a researcher interested in isolating organelle C by differential centrifugation, you would do a first centrifugation all the organelles at a speed where organelle(s) ______ form a pellet. You would then take the supernatant, and centrifuge it at a higher speed so that organelle(s) _______ form a pellet. This would leave organelle(s) _______ in the supernatant.  

12) Sketch and describe the functions of the following organelles:



Mitochondria:



Chloroplast:



Amyloplast:

13) The chemical stain that you used to confirm that the amyloplasts were indeed amyloplats was _____. It detects amyloplasts because they contain large amounts of _______.

14) The chemical that you used to detect the mitochondria was _____. It detects mitochondria because they contain large amounts of _______.

h) Diagram of differential centrifugation


A mixture of 3 organelles is put into a centrifuge tube (A). After a low speed centrifugation, the heaviest organelle forms a pellet at the bottom of the tube (B). The supernatant from tube (B) is transferred to a fresh tube, which is centrifuged at a higher speed. This causes the second-heaviest organelle to form a pellet (C). The lightest organelle stays in the supernatant. Using this procedure, each of the three organelles can be isolated from the other two.   
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i) Diagram of equilibrium density centrifugation
A centrifuge tube is filled with a sucrose solution that increases in density from top to bottom. A mixture of organelles is placed on top of the sucrose and then centrifuged. The organelles move to the area of the sucrose that matches their density. This separates the organelles. Note that organelle density is NOT the same as organelle size. 
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