Biology 212: Cell Biology

                                                                            February 24-26, 2003


Differential Centrifugation

(adapted from A. Bregman, Laboratory investigations in cell and molecular biology, 1990)


Centrifugation is the process by which a sample is rotated around a central axis, causing it to experience a centrifugal field such that its components tend to move away from the axis of rotation.  Centrifugation is performed using an instrument called a centrifuge, which essentially is a carnival ride for scientific samples.

Though differing greatly in size, volume capacity, and speed, all centrifuges have a rotating component (called a rotor) capable of holding samples (usually in tubes).  The centrifugal force generated by a centrifuge is determined by the speed of rotation and the distance of the sample from the axis of rotation.  The centrifugal force is usually compared to the force of gravity and is reported as the relative centrifugal force (RCF) in g units.  (A force of 1 g is equal to the force of gravity at the earth's surface.)  The following formula relates the RCF to the rotor speed and diameter:

RCF = (1.119 x 10-5) * (rpm)2 * r

where r is the radius of rotation (the radius of the rotor) in cm and rpm is the centrifuge speed in revolutions per minute.  The number "1.119 x 10-5" is a conversion factor that allows us to use "rpm" and "g" units.

One common application of centrifugation is the concentration of cells or molecular precipitates from a large volume of fluid.  Cells grown in liters of culture medium can be sedimented and then resuspended in a much smaller volume for biochemical procedures.  Purified DNA can be concentrated and transferred from one solution to another by forming a DNA precipitate, centrifuging the precipitate, and resuspending the precipitate in a different buffer.

Centrifugation can also be used to separate cellular components (a process called "fractionation").  You will use the technique of differential centrifugation to separate spinach organelles.

PRE-LAB  ASSIGNMENT


Read the rest of this handout and the section on differential centrifugation in your textbook (pp. 757-8).  Then answer the questions below in your lab notebook.


1.  What properties determine the sedimentation rate of a particle?


2.  Define the terms homogenate and supernatant.


3.  What steps should you take to make sure that centrifuge tubes are balanced?


4.  Prepare a diagram or flow chart that shows the centrifugation conditions and fractions generated by the various centrifugation steps.  On the diagram, label each fraction ("filtrate," pellet 1," etc.).


5.  To which sample -- your 1st, 2nd, or 3rd pellet -- will you be adding Triton X-100?  (This might be a trick question.)

TYPES  OF  CENTRIFUGES

We have four different types of centrifuges in this department; you will use two of them in this lab exercise.  The clinical centrifuge is a low-speed tabletop centrifuge.  The Sorvall refrigerated high-speed centrifuge is more substantial in size.  A variety of rotors are available for this instrument, providing flexibility in handling a range of volumes.  The ultracentrifuge is capable of reaching even greater velocities and requires a vacuum to reduce friction and heating of the rotor.  Microcentrifuges are compact high-speed centrifuges for small samples.

There are two basic rotor designs.  The first holds the sample in a fixed position (called fixed-angle or vertical rotors); in the second type, the sample tubes are placed in movable holders (swinging-bucket rotors) that swing into a horizontal position as the rotor speed increases.  

PRACTICAL  POINTERS

Centrifuge sample containers come in a variety of shapes, sizes, and materials.  Be careful to use the correct tubes.  Glass tubes always require an adapter to cushion them because direct contact between the glass and a metal rotor will result in a cracked or shattered tube.  Adapters may slide over the tube like a sleeve or may be cushions that sit in the bottom of the rotor slot. (The "cushion" adapters may be found in clinical centrifuges but are not used in high speed centrifuges.)

Tubes that are over-filled can spill their contents inside the rotor. For fixed-angle rotors it is especially important not to fill the tubes more than 2/3 to 3/4 full.  Spills need to be wiped up immediately to prevent corrosion of the rotor.  It is always a good practice to wash out a rotor when you are finished with it; even when there's no apparent spill, liquid from the tubes often spatters.  Rinse the rotor with distilled water, dry with paper towels, and store upside down on top of paper towels to let any moisture drain.  Wipe up any liquid in the chamber of the centrifuge, then use a paper towel (dampened with distilled water) to wipe down the chamber.  Dry the chamber well; if the refrigeration has been used, don't leave the door open any longer than necessary because condensation will build up on the chamber walls.

Most important of all, a rotor must be balanced: tubes in opposite positions should be equal in weight.  "Eyeballing" to check for equal volumes may suffice for low-speed centrifugation, but the best method involves weighing the tubes with their adapters. The tubes can be balanced by adding or removing liquid.  An unbalanced centrifuge can vibrate violently, and horror stories abound about unbalanced ultracentrifuges crashing through walls.

Finally, note that it is important to keep your samples cold during the lab by using chilled tools and glassware and by keeping the samples on ice whenever possible.  Procedures that disrupt cell structure release degradative enzymes, which are less active at colder temperatures.

PROCEDURE,  PART  1:  SPINNING  THE  SPINACH

Obtain 1 or 2 spinach leaves, wash the leaves with tap water, and pat dry.  Cut or tear the leaves into small pieces, avoiding the main central vein on each leaf.  Place approximately 4 g of leaf fragments in a chilled mortar with 15 ml of ice-cold Tris-NaCl (= Tris[hydroxymethyl]-aminomethane; NaCl) buffer.  (It is not a good practice to pipette directly from the stock bottle.  Estimate how much buffer you will need as you pour an aliquot into a small flask.  Take clean glassware for your own use so that you can keep track of how it's been used.)  Sprinkle purified sand into the mortar, and grind the leaves with a chilled pestle for 2 minutes.  Common problems at this stage include using too much sand (just a pinch will do it!) and grinding too vigorously (it's OK if a few leaf fragments remain).  Use cheesecloth to filter out large pieces of tissue and the sand.  Squeeze the cheesecloth to get additional homogenate, but avoid getting sand into the filtrate.  Collect the filtrate in a small beaker. 

Transfer the filtered homogenate to a clinical centrifuge tube and use the clinical centrifuge (r = 11.5 cm) for your initial centrifugation (200 g for 1 min; listen for the machine to reach a constant speed and then start timing).  Make sure your tubes are balanced.  Different brands of clinical centrifuge tubes can differ markedly in weight, so make sure that tubes in opposite rotor positions are the same brand and style.  Two groups can use opposite rotor positions and balance each other's samples; check the weight of the tubes and add additional buffer to the lighter tube.  If no other group is available to use the opposite rotor position, prepare a balance tube by filling a tube with water until it reaches the correct weight.  After centrifugation, decant the supernatant into a chilled 15-ml Corex centrifuge tube.  Gently resuspend the pellet -- this is your 1st pellet -- in 1-2 ml buffer and save on ice for later examination.  Centrifuge the supernatant in the Sorvall refrigerated centrifuge (0-4 °C) at 1300 g for 5 minutes.  You will be using the fixed angle SS-34 rotor (radius = 10.7 cm).  Balance your tube with that of another group by comparing the weights of each tube (including its adapter).

Decant the supernatant into a clean Corex tube and centrifuge at 10,000 g for 30 minutes.  Resuspend the pellet -- this is your 2nd pellet -- by adding 1-2 ml of ice-cold Tris-NaCl buffer to the pellet and vortexing.  If the vortex method is unsuccessful, try sucking up and down with a Pasteur pipette.  This will break the pellet into smaller and smaller pieces.  Store on ice.

Decant the supernatant from your 10,000 g centrifugation into a clean tube and store on ice.  Resuspend the pellet -- this is your 3rd pellet -- in 1 ml of ice-cold Tris-NaCl buffer by using a spatula to scrape the pellet off the wall of the centrifuge tube.  Then use a Pasteur pipette to create an even suspension.  Store on ice.

Examine the 3 pellets with a microscope.  (Remember to set up Kohler illumination!)  Setting up two microscopes aids in comparing the samples.  Try different viewing techniques to get the best observation conditions.  What cellular components are in each fraction?  How easy is it to identify organelles?  (Taking size measurements will be helpful.)  Evaluate the procedure in terms of damage to organelles and cleanness of separation.  Which fraction (pellet) contains predominantly chloroplasts?  Mitochondria?  Nuclei are often damaged in homogenization procedures, making them difficult to identify.  How would you expect the sedimentation of nuclei to compare with the chloroplasts and mitochondria?  What other test or methods might be used in conjunction with microscopic examination to identify the contents of each fraction?

PROCEDURE,  PART  2:  CLOSE-UP  ON  CHLOROPLASTS

From the chloroplast fraction, place 2 small, well-separated drops on one slide.  To one chloroplast sample, add a drop of 2% Triton X-100 (this is a detergent with alternate names polyethylene glycol p-isooctylphenyl ether and t-Octylphenoxypolyethoxyethanol).  Add a similar amount of buffer to the second chloroplast sample. 


In cleaning up when you're done, please remember that slides and cover slips should not be put into the red biohazard bags!

END-OF-LAB  QUESTIONS 

Once you are done with your experiment, please answer the following questions in your lab notebook.  (Start a fresh page in your notebook.)  Turn in your answers before you leave.

1.  What objects (organelles and other structures) did you observe in each fraction?  What evidence do you have to support the identifications that you made?

2.  What effect did Triton X-100 have on the chloroplasts?  Propose an explanation for your observations, taking into account the chemical nature of detergents.

3.  In the past, students also observed the effect of distilled water and a concentrated salt solution on chloroplast morphology.  Unfortunately, this exercise only worked on chloroplasts with intact membranes (no punctures or damage), so it wasn't always successful.  What do you predict would occur when intact chloroplasts are placed in pure distilled water?  In concentrated NaCl?  Briefly explain your reasoning, indicating why an intact membrane is necessary to see these effects.
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