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INTRODUCTION
All eukaryotic cells contain organelles that perform specific functions. Cellular fractionation is a technique that enables the researcher to separate and isolate bulk quantities of organelles and other cellular components. Once isolated, the functioning of the cellular constituents can be studied more easily than within the intact cell.

Fractionation begins with homogenization which involves the disruption of the cells by mechanical shearing, ultrasound, osmotic shock, or detergents such as SDS.  The process releases the cellular organelles which can then be separated from each other by centrifugation.  Centrifugation at low speeds causes the sedimentation of only the largest and densest of components.  These components can be collected and the unpelleted portion, or supernatant, can be centrifuged again at higher speeds and for longer durations to pellet successively smaller and smaller components.  Once isolated, the components can be assessed for purity by light or electron microscopy and their biochemical activities assayed to determine structure/function relationships.

In the following exercise, you will fractionate rat liver cells to isolate cellular fractions enriched in nuclei, mitochondria, and cytoplasm.  An overview of the procedures is given in Figure 4.1

MATERIALS

rat liver (on ice), sucrose buffer, large Petri dish, scissors, razor blades, micropipettors, homogenizers, beakers, cheese cloth, centrifuge tubes (50 mL), microfuge tubes, polypropylene tubes, methyl green pyronin, slides, coverslips, slide warmer, glycerin, microscope

PROCEDURE FOR CELLULAR FRACTIONATION (Figure 4.1)

A. 
HOMOGENIZATION OF RAT LIVER
*For the following procedures, both groups from a lab bench will work together as a team (or 6 to 8 students).
1.
Samples of fresh rat liver, perfused with ice cold sucrose buffer (0.15 M sucrose, 5 mM MgCl2, 0.01% NP40 detergent, 50 mM NaCl,  in 10 mM Tris buffer, pH 7.1), are provided.  Pour 20 ml of ice cold sucrose buffer into the large Petri dish provided and add the portion of the rat liver provided by your instructor (approx. 2 g).  Chop the tissue into fine pieces using the scissors provided and wash and decant off excess liquid into sink.   Rinse the tissue thoroughly twice more using 2 x 20 ml rinses of buffer.  After the final rinse, add 15 ml of buffer to the tissue to obtain a tissue: buffer ratio of 1:5 (weight to volume). 

2.
Pour the suspended tissue into the homogenizer and homogenize on ice until no further lumps of tissue remain  (approximately 25 passes of the pestle).  Place 10 layers of cheese cloth previously pre-wetted with sucrose (homogenization) buffer over a clean 100 ml beaker.  Pour the homogenate through the cheese cloth into the beaker maintained on ice. Rinse the homogenizer with a further 10 ml of ice-cold buffered sucrose and pass the wash through the cheese cloth into the tube.  Squeeze the cloth to remove the remaining fluid from the tissue fragments.  You should have approximately 20 ml of tissue homogenate with a tissue:buffer ratio of 1:10 (weight to volume).  Save aliquots of the crude homogenate as instructed in Table 4.1.  Maintain on ice!   Maintenance on ice prevents degradation and denaturation of the proteins and organelles. The samples will be used for assays and microscopy.  Use 10 L from one of your aliquots to make a slide (see part C).

B. 
DIFFERENTIAL CENTRIFUGATION
1.
Transfer the chilled sample from the beaker to a 50 ml tube.  Balance pairs of tubes to equal weight and centrifuge in a pre-cooled centrifuge (4(C) for 10 min. at 600 x g.  Pipette the supernatant (taking care not to resuspend pellet) into a fresh, clean centrifuge tube and maintain on ice.  

2. Resuspend the pellet in the centrifuge tube using 20 ml of sucrose buffer by gently agitating with a Pasteur pipette.  Recentrifuge at 600 x g for 10 min.  Discard the supernatant and resuspend the pellet in 6 ml of ice-cold sucrose buffer.  This fraction is the nuclear fraction.  Take 10 L and prepare a slide as stated in part C.  Also, aliquot this sample as described in Table 4.1.

3. Centrifuge the supernatant obtained during step 1 for 20 min. at 10,000 x g.  Transfer the supernatant into a fresh, ice cold tube. Estimate the volume and record this value:____ml.  This is the cytosolic fraction. Take 10 L and prepare a slide as stated in part C.  Also, aliquot this sample as described in Table 4.1.

4.  Resuspend the pellet obtained from Step 3 in 10 ml of ice-cold sucrose buffer.  This sample is the mitochondrial enriched fraction. Take 10 L and prepare a slide as stated in part C.  Also, aliquot this sample as described in Table 4.1.

5.
You should have 4 samples:  the crude homogenate, nuclear, mitochondrial and cytosolic fractions.  Aliquot them as outlined in Table 4.1. Keep these samples on ice.  You will be using these samples in later exercises; see section D for details.  

C. 
EVALUATION OF CELLULAR FRACTIONS
1.
Prepare slides stained with methyl green pyronin of all 4 samples using a single drop of material from each tube as described below. 

--Place a drop of the fraction on a clean slide.

--Spread the drop with the edge of a second slide to make a smear.

--Allow the slide to air dry with gentle heat on the slide warmer.

--Add 1 drop of methyl green pyronin stain. Let it dry on the warmer for approximately 3 min.

--Immerse slide vertically, in a beaker of DW for 1 min.  Do not agitate.  Remove and dry carefully on a warmer, making sure the specimen is face up.

--Add 1 drop of glycerin solution and mount the coverslip.

2. Observe in bright field microscopy.  Nuclei should stain purple-blue, cytoplasm red or pink, and mitochondria may be seen as small dots.  Examine the slide and record your results in Table 4.2.  Use an arbitrary scale (+++/-) to record the degree of cytoplasmic staining.

D.
STORAGE OF CELLULAR FRACTIONS
Divide the remainder of each of your four samples as shown below in table 4.1.  Label the tubes carefully using the permanent markers.  Your instructor will store the samples at -80(C. Include your lab section and bench #.  These samples will be used in the later exercises.

TABLE 4.1.

Volumes are to be shared among 1 bench (2 groups)

	Cellular Fraction
	Tube 1
	Tube 2
	Tube 3
	Tube 4
	Tube 5

	Crude homogenate
	1.5 mL

(protein quant)
	1.5 mL

(enzy.markers)
	Not needed
	Not needed
	Not needed

	Nuclei
	1.5 mL

(Protein quant)
	1.5 mL

(enzy.markers)
	50 L (SDS PAGE)
	Remainder
	Not needed

	Mitochondria
	1.5 mL

(Protein quant)
	1.0 mL

(enzy.markers)


	Remainder 

(7 mL minimum)

(Enzyme Kinetics)
	Not needed
	Not needed

	Cytosolic
	1.5 mL

(protein quant)
	1.5 mL

(enzy.markers)
	50 L (SDS PAGE)
	200 L

(dif. gene)
	Remainder


* Volumes over 1.5 mL require polypropylene tubes.  Otherwise, use microfuge tubes!

Figure 4.1.  Overview of cellular fractionation protocol.
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TABLE 4.2.
	Feature
	Crude Homogenate
	Nuclear Fraction
	Mitochondrial Fraction
	Cytosol

	# Nuclei/field of view
	
	
	
	

	Degree of red staining
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