EXERCISE 2

CELL FRACTIONATION BY CENTRIFUGATION

Introduction

To investigate organelles, membranes, cellular components, and enzymes it is often necessary to homogenize and fractionate cells.  To obtain purified cellular constituents, density gradient centrifugation is often employed.  This method may be used to separate cell, organelles, or even macromolecules such as nucleic acids and proteins.  In this laboratory exercise, we will use density gradient centrifugation to separate organelles derived from plant tissues.


When a suspension of particles is centrifuged, the sedimentation rate of the particle is proportional to the force applied.  The physical properties of the solution will also affect the sedimentation rate.  At a fixed centrifugal force and liquid viscosity, the sedimentation rate is proportional to the square of the size of the particle and the difference between its density and the density of the surrounding medium.


The equation for the sedimentation of a sphere in a centrifugal field is called the Stoke's Equation and is shown below:
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where v  = sedimentation rate

d = diameter of the particle (hydrodynamically equivalent sphere)

p = particle density

l = liquid density

 = viscosity of the medium

g = centrifugal force

From this equation the following relationships may be observed:


1. The sedimentation rate of a particle is proportional to the square of the diameter of the particle.


2. The sedimentation rate is proportional to the difference between the density of the particle and that of the surrounding medium.


3. The sedimentation rate is zero when the density of the particle is equal to the density of the surrounding medium.


4. The sedimentation rate decreases as the viscosity of the medium increases.


5. The sedimentation rate increases as the centrifugal force increase.


In biochemical studies, two types of centrifugal approaches are commonly used: rate-zonal (also called differential) centrifugation and isopycnic (also called equilibrium density) centrifugation.  With rate-zonal centrifugation, the size difference between the particles you wish to isolate is exploited to achieve separation.  As predicted by the Stoke's Equation, large particles move faster through a gradient than small particles.  In this case, the medium is chosen such that the particles are greater in density than the medium at all points during separation (see Fig. 2-1 below).  The run is terminated before the separate particles reach the bottom of the tube or their equilibrium densities.  In some cases, medium density may be greater than particle density over part of the gradient. Centrifugation techniques can be used to estimate molecular weights of particles or molecules.
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Fig. 2-1. Diagrammatic representation of rate-zonal and isopycnic centrifugation.   = buoyant density of the less dense particle (open circles); 2 = buoyant density of the more dense particle (closed circles). 


With isopycnic centrifugation, the density range of the gradient medium encompasses all densities of the sample particles.  Each particle will sediment to an equilibrium position in the gradient where the gradient density is equal to the density of the particle (isopycnic position).  Thus, in this type of separation, the different particles are isolated solely on the basis of differences in density, and irrespective of size. 


Two types of density gradients are commonly used: continuous gradients and discontinuous gradients.  Continuous gradients have a gradual density increase toward the bottom of the tube, while discontinuous gradient have discrete bands of separate densities which also get more dense toward the bottom of the tube.  Some gradient materials allow formation of a density gradient upon centrifugation (e.g. CsCl or Percoll).  With others the density gradient must be prepared before centrifugation using a gradient maker or by hand-layering bands of increasingly less dense medium (e.g. sucrose).  In this exercise, we will use Percoll, which may be formed into a gradient upon centrifugation.


The objective of this exercise is to familiarize students with the methods and principles of density gradient centrifugation.  As an example, we will separate cellular organelles from plant leaf tissue by use of density gradients.

Materials and Methods
Materials

The following materials will be required:  Fresh spinach (or other plant) leaves, organelle isolation medium (330 mM sorbitol, 50 mM Tricine (pH 7.8), 2 mM EDTA, 0.1% bovine serum albumin, homogenizer (Polytron or Waring blender), Miracloth, funnel, 50 (v/v) Percoll in organelle isolation medium, 12 mL Beckman centrifuge tubes, Beckman high-speed centrifuge, 20 test tubes, test tube rack, needle to puncture tube, Spectronic 20 colorimeter, Spectronic 20 cuvette, 20 conical centrifuge tubes, 95% ethanol, microscope slides and cover slips, phase contrast microscope.

Methods


Extraction of Plant Leaf Cell Organelles

This step will be conducted with the assistance of your instructor. Chop approximately 100 g of spinach leaves into 1 x 1 cm pieces.  Place cut tissue in 250 mL of cold organelle isolation medium and homogenize briefly.  Filter homogenate through 1 layer of 50 µm nylon mesh and 1 layer of Miracloth into a beaker which is chilled on ice.


Preparation of Percoll Density Gradients

Pipette 4 mL of 70% percoll into a 12 mL Beckman centrifuge tube and mark your tube with a labeling pen.  Very gently layer 6 mL of 35% percoll on top of the 70% percoll so that the 70% percoll is undisturbed.  


Separation of Organelles

Carefully layer 2 mL of the filtrate on top of the Percoll gradient using a 5 mL pipet.  This must be done gently.  Place the loaded gradient tube in the adaptor and place in the centrifuge rotor; ensure that each tube is balanced with a similar tube on the opposite side.  Spin at 5,000 x g for 10 minutes.  While tubes are spinning, label 12 test tubes 1-12.  Following centrifugation, remove tubes, mount on tube holder and puncture the bottom of the tube with a needle (ask instructor to help with this step).  Collect fractions of approximately 1 mL in test tubes. 


Chlorophyll Analysis

Turn on the Spectronic 20 and allow to warm up for at least 15 minutes.


Plant leaf cells contain chloroplasts as well as other organelles.  Intact chloroplasts and broken chloroplasts have rather similar sizes but different densities and thus may be separated by density gradient centrifugation.  Since chlorophyll is bound to the plastid thylakoid membranes, it may be used to mark the position of either intact or broken chloroplasts.


To analyze chlorophyll, remove 0.5 mL aliquots from each fraction tube and add 4.5 mL ethanol in conical clinical centrifuge tubes.  After mixing thoroughly, centrifuge in the clinical centrifuge for 3 minutes at full speed.  Decant the green supernatant.  Zero the Spectronic 20 using an absorbance of 654 nm (A654) with 0.5 mL H2O plus 4.5 mL of ethanol as the blank.  Next, measure the absorbance of each chlorophyll extract at 654 nm using the Spectronic 20.  The chlorophyll content in each sample may be estimated from the A654 using the Beer-Lambert equation.  The extinction coefficient for chlorophyll at 654 nm is 39.8 mL/µg x cm.


Prepare a graph showing the absorbance of chlorophyll in each of the collected fractions. Prepare another graph showing the concentrations of chlorophyll in each of the collected fractions.  Plot the independent variable (i.e. the fraction number) on the x-axis and the dependent variable on the y-axis.    


Microscopic Examination

Place one drop of selected gradient fractions (your instructor will assist you in selecting the appropriate sample, which can usually be found in fractions 1 and/or 2) on a microscope, add a cover slip and observe the appearance of the sample in the microscope using dark filed phase contrast at 400 X. Intact chloroplasts should have sharp edges and appear to glow.  Broken chloroplasts should have rougher edges, have a dark green color and should not glow significantly.

These questions are to guide your discussion section.  Your results section should just report your results or observations with reference to your graph or any drawings.  

Discuss your observations after centrifugation of the filtrate on top of the gradient.  What did the layers look like after centrifugation?  Discuss the graph in relation to those layers (which fractions correspond to the top band and lower band?).  Discuss how the microscopic examination is the key to discovering which layer and corresponding fractions contains the broken chloroplasts and which contain the intact chloroplasts.  Does the concentration of chlorophyll (number of chloroplasts) in each band fit what you were expecting? Why would there be more broken plastids than intact plastids?  Give an over all conclusion about the experiment.
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