Biology 212: Cell Biology

                                                                            February 17-19, 2003


Gel Electrophoresis and Gel Filtration Chromatography


By analyzing a given sample with two complementary techniques, researchers often obtain more information about the sample than can be obtained from either method alone.  For example, the sizes of proteins may be measured using both gel electrophoresis and gel filtration chromatography.  In this week's exercise, you will take advantage of both of these techniques to analyze the proteins hemoglobin, myoglobin, and bovine serum albumin (BSA).  Your results will be the focus of your first formal lab report.

PRE-LAB  ASSIGNMENT


Read the rest of this handout and pages 758-63 in your textbook.  Then answer the questions below in your lab notebook.

1.  Is gel filtration chromatography used to analyze proteins in their native or denatured state?


2.  What properties influence the rate of migration of proteins on a native gel?


3.  How does sodium dodecyl sulfate (SDS) influence protein migration on a gel?



4.  What is tracking dye?


5.  If Protein P is twice the molecular weight of Protein Q, which protein will run faster on an SDS gel?  On a gel filtration column?


6.  In both gel electrophoresis and gel filtration chromatography, analysis of proteins of unknown size depends upon the use of "standards" of known size.  Explain briefly how this works.

PART  1:  GEL  ELECTROPHORESIS

This portion of the lab will be run as a class project.  Each member of the lab will participate in the preparation and loading of the samples and the running and staining of the gels.   Staining will be required to visualize the proteins after the gel has been run.

Gel preparation


Check the concentration of the electrophoresis buffer in the lab.  The concentration used to run the gels is "1X."  If only the 10X concentrate is available, you will need to prepare a 1/10 dilution.  (The 10X solution is 10 times more concentrated than the solution required to run the gel.  The designations 1X and 10X only refer to relative concentrations and don't indicate specific buffer contents.)  The buffer we will use contains Tris (Tris[hydroxymethyl]-aminomethane) as the buffering agent, glycine, and SDS (alternate names: sodium dodecyl sulfate, dodecyl sodium sulfate, and sodium lauryl sulfate).  If no 1X solution is available, make up 500 ml of a 1X Tris-glycine-SDS buffer.


You will be using gradient acrylamide gels with a continuum of acrylamide concentrations along the length of the gel.  Gradient gels are useful because they can separate a greater size range of proteins than a single-percentage acrylamide gel.  The gels you will use have a gradient range of 4-20% acrylamide and are contained in a disposable cassette.  The solution used to store the gel contains sodium azide.  The gel cassettes have a seal over the bottom to prevent leakage when the liquid acrylamide is poured.  In order for a current to pass through the gel to move the protein samples, both the top and bottom of the gel need to contact the electrophoresis buffer.  Before running the gel, it is necessary to remove the plastic piece sealing the bottom of the cassette.  Place the cassette on the bench top with the bottom piece extending beyond the bench.  Hold the cassette steady by pressing down on the two plastic pieces that run along the sides of the gel (it is important to anchor both edges); wiggle the bottom piece until it snaps off.


You should mark the locations of the wells so that they will be easy to see when you have to load them with samples.  Position the cassette so that the taller plate is face up.  If the plate is wet, dry it with a Kimwipe, then use a Sharpie marking pen to trace the outline of the wells.  (It is most important to mark the lower part of the wells.)  Gently remove the comb.


With your finger, apply a thin coating of sealant to the gasket on the gel electrophoresis apparatus (informally known as a "gel rig").  The sealant helps to form a better seal between the rig and the gel cassette, minimizing leakage.  Clamp the gel cassette into the gel rig with the notched plate facing the upper buffer chamber.  Orient the clamps so that the broad side is facing out.  Pour 1X electrophoresis buffer into the upper buffer chamber of the gel rig.  The sample wells of the gel should be submerged, but the level of buffer should not be higher than the taller plate of the gel cassette (to avoid a "waterfall" of buffer running down the gel plate).  Before proceeding further, look very carefully for leaks (buffer running down the plate or a drop in the buffer level of the upper chamber).  If no leaks are apparent, fill the lower chamber half to three-quarters full with 1X electrode buffer.

Practice gel loading


Once the gel is set up in the electrophoresis rigs, practice pipetting a sample into one of the gel wells using the special gel-loading tips and the following procedure.  Each group member should practice loading a well.


Place a fresh gel-loading tip on the micropipettor.  Take up 5 microliters of practice gel loading solution.  Carefully insert the thin tip into a sample well.  


Eject the sample by slowly and steadily pressing down on the plunger of the pipettor -- this should be one smooth, steady motion.  The sample buffer is denser than the electrode buffer that fills the reservoir, allowing the sample to settle into the bottom of the well.  Do not release the plunger before the whole sample is ejected; this will cause mixing of the electrode buffer and the sample buffer and will cause the remaining sample to have less density.  Do not press the plunger past the first stop position; this will push an air bubble into the well, which may stir up the neatly laid sample.  Pull the pipettor completely away from the well before releasing the plunger to avoid sucking up the sample or buffer.

Sample preparation


You will have a set of proteins of known molecular weight (referred to as molecular weight standards or markers) and the sample proteins that will be the subject of your research paper.  The proteins are in a sample buffer containing SDS and a reducing agent called dithiothreitol (DTT).  It is necessary to boil the marker proteins and unknown samples before loading; this solubilizes any protein aggregates that may have formed.  To boil the samples, place the tubes into a heating block preheated to 100° C for 5 minutes.  (Check the heating block when you first get to lab and turn it on if necessary; it takes 20-30 minutes to heat.)  Remove the tubes using tongs or forceps.  Allow the tubes to cool for a few minutes at room temperature and spin briefly in the microcentrifuge (microfuge) to collect the liquid at the bottom of the tube.  Your instructor will explain the use of the microfuge.  The most important rule to remember is that samples in a centrifuge must always be balanced.
Loading and running the gel


Whenever possible, lanes 1 and 10 should be left empty because samples loaded in end lanes sometimes run differently than samples in interior lanes, a phenomenon known as the "edge effect."  It is also helpful to load the samples in an asymmetric pattern, which makes it easier to distinguish the right and left sides of the gel.  Using a fresh pipette tip for each sample, load 5 microliters of the marker proteins into one well of the SDS gel.  (If there is sufficient room on the gel, it is useful to load two wells with markers.)  Then load 10 microliters of the other samples into separate wells, keeping track of the order of loading.  Once the samples are loaded, slide the lid onto the apparatus so that the electrical leads are connected to the electrodes. (Be sure to match the color-coding of the leads and electrodes.)  Connect the leads to the power supply -- black indicates the negative electrode, red the positive electrode -- and adjust the power supply as directed by your instructor.  (You want to run the gel at 100 volts.)  Monitor the progress of the samples as they move into the gel -- if the dye begins to move up and out of the wells rather than down and into the gel, turn off the power supply and reverse the electrical leads.  The gel will run for an hour and 15 minutes.  Monitor the gel's progress frequently; sometimes leaking buffer will cause the gel to stop running.


While the gels are running, use your "free" time to analyze the gel filtration chromatography data for hemoglobin, myoglobin, and BSA (see below).

Staining the gel and visualizing the results


After the electrophoresis is finished, turn off the power, disconnect the leads and remove the cover of the gel apparatus.  Pour the buffer into the sink; if you don’t, you could have a flood when you remove the gel cassette.  Remove the gel cassette from the gel rig and blot off excess buffer with a paper towel.  Carefully open the gel cassette using a butter knife (spatulas bend too easily) and coax the gel to lie on one of the plates.  (The gel may tear if it is handled too roughly; the low-percentage gels are especially fragile.)  Notch one of the upper corners of the gel and note which corner is notched relative to the order of loaded wells; this will help you keep track of the gel orientation during the staining process.  The staining solution contains a dye to visualize the protein bands and alcohol to "fix" the proteins and keep them from diffusing in the gel.  The best method for transferring the gel to the staining solution is to invert the plate and gently let the gel fall into a plastic sandwich box containing 50 ml of Coomassie blue staining solution.  Stain the gel overnight staining at room temperature.  The next day, pour off the stain, rinse the gel with a small amount of destaining solution (7.5% acetic acid), and then add enough destaining solution to cover the gel.  The gel can remain in destaining solution until the next lab.   During the next lab, you will use the Gel Documentation system to photograph the gel (to be included in your lab report).

Analysis


The general approach for analyzing gel filtration data (see below) may also be used to analyze electrophoresis data.  Note that it is necessary to prepare a separate standard curve for every gel, since individual gels will differ from each other.

PART  2:  GEL  FILTRATION  CHROMATOGRAPHY

A gel filtration column was loaded with standard markers just prior to lab.  The sample contains three standards: dextran blue (3 x 106 daltons), catalase (a brown-colored protein of 250,000 daltons) and cytochrome c (red; 12,600 daltons).  Based on the sizes of these molecules, predict the order of elution from the column.  Observe the column as it runs.  Are your predictions correct?  The fraction collector has been set to change test tubes after every 10 drops.  The elution pattern (order and "spacing" of proteins coming off the column) can be expressed in terms of "fraction #" or "elution volume."  (What would you need to know in order to express the results from this demonstration column in terms of elution volume?)


In order to interpret data obtained from a gel filtration column, it is necessary to determine two parameters, the space around the beads (called the "void volume" and abbreviated V0) and the total volume of the column (beads plus solvent; abbreviated Vt).  The dextran blue is large and won’t enter any of the pores in the beads; the volume at which dextran blue elutes (comes off the column) is V0.  The total volume of the column, Vt, is determined by running a very small dye molecule such as Orange G (molecular weight ~380 daltons) over the column; the dye molecule is so small that it can enter every nook and cranny within the beads.  The volume at which a given sample (like catalase) comes off the column is known as the "elution volume" (Ve) for that sample.  If the experiment is done properly, Ve should always be somewhere between V0 and Vt.

Analysis of gel filtration chromatography data


In order to use a gel filtration column for molecular weight analysis, the column is first calibrated by running standards in a manner similar to that of our demonstration (except that each standard is often run on the column individually to avoid overlap of the elution peaks).  Fractions collected from the column are analyzed using a spectrophotometer; a fraction's absorbance at a particular wavelength (e.g., 400 nm) indicates the amount of protein present in that fraction.  From these absorbance data, the Ve of each standard protein can be determined.  A calibration curve (standard curve) is then constructed to relate molecular size to fraction number or elution volume.  Since individual gel filtration columns vary, it is most useful to express a molecule's rate of progress down a column relative to the V0 and Vt of that particular column.  This relative value is known as the partition coefficient (Kav), which allows for comparison with results obtained from other columns.  Kav = (Ve - V0) / (Vt - V0).  The V0 for the column in lab is 12 ml, and the Vt for this column is approximately 36 ml.


Data are provided below for the molecular weight standards catalase, ovalbumin, and cytochrome c.  Construct a calibration curve by plotting these data on semi-log graph paper.  The y-axis should represent molecular weight and the x-axis should represent Kav.  Semi-log paper has a linear scale along the x-axis and a logarithmic scale along the y-axis.  The logarithmic axis contains "cycles" of unevenly spaced lines; each cycle represents a factor of 10.  To use semi-log paper, you must choose an interval that spans your data points.  For example, if your data contained the numbers 0.7, 12 and 245, you would select 4-cycle semi-log paper and the y-axis would be labeled with 0.1, 1, 10, and 100.  

	Standard protein
	Molecular weight (daltons)
	Kav

	Catalase
	250,000
	0.04

	Ovalbumin
	45,000
	0.42

	Cytochrome c
	12,500
	0.69



Once a column is calibrated, proteins of unknown size can be run on the column individually.  The absorbance of each fraction is measured and used to determine Ve (the volume at which the protein exits the column), which in turn is used to calculate Kav.


Using the following procedure, estimate the molecular weights of hemoglobin and myoglobin by analyzing the data provided.  The first step in processing gel filtration data is to take the absorbance values and to plot them on an elution diagram (absorbance vs. ml eluted).  An elution diagram for dextran blue is shown below.  Determine Ve by locating the peak maximum.  (Other approaches are more accurate, but also more complicated.)


[image: image1.wmf]0

0.01

0.02

0.03

0.04

0.05

0.06

10.8

11

11.2

11.4

11.6

11.8

12

12.2

12.4

12.6

12.8

13

13.2

13.4

13.6

Elution volume (ml)

Absorbance



Using the data below (evaluate the points -- do they all seem reasonable?), create elution diagrams and determine Ve and Kav for myoglobin and hemoglobin.  According to these data, what is the apparent molecular weight of each protein?

	Hemoglobin
	
	Myoglobin
	

	
	
	
	

	Elution volume (ml)
	Absorbance
	Elution volume (ml)
	Absorbance

	16.0
	0.030
	19.0
	0.038

	16.5
	0.032
	19.5
	0.044

	17.0
	0.032
	20.0
	0.027

	17.5
	0.059
	20.5
	0.033

	18.0
	0.123
	21.0
	0.038

	18.5
	0.165
	21.5
	0.049

	19.0
	0.182
	22.0
	0.409

	19.5
	0.240
	22.5
	0.067

	20.0
	0.174
	23.0
	0.122

	20.5
	0.106
	23.5
	0.249

	21.0
	0.252
	24.0
	0.352

	21.5
	0.083
	24.5
	0.320

	22.0
	0.048
	25.0
	0.244

	22.5
	0.035
	25.5
	0.185

	23.0
	0.058
	26.0
	0.132

	23.5
	0.030
	26.5
	0.073

	24.0
	0.031
	27.0
	0.051

	
	
	27.5
	0.071

	
	
	28.0
	0.048

	
	
	28.5
	0.081

	
	
	29.0
	0.054

	
	
	29.5
	0.042


POST-LAB  ASSIGNMENT


Prepare a complete formal report using your own gel electrophoresis results, the gel filtration data shown above, and the information provided below.  While you may find it useful to discuss your results with your lab partners, each paper must be written individually.  Refer to the information provided below and the writing books by McMillan or Knisely to determine the content of your report.  Remember that you need to send a copy of the formal report by email (figures may be omitted) in addition to providing a printed copy.


To make this assignment more interesting and more similar to the work of professional biologists, let's imagine that the myoglobin and hemoglobin samples you are analyzing (with gel electrophoresis and with gel filtration chromatography) were obtained from a newly discovered species called the "maroon marmot."  Let's further imagine that, in perusing the literature, you have come across the two (fictitious) articles excerpted below.  You will want to cite these articles in your report in order to establish why your data are interesting and how they relate to previously published research.

Adaptation to high altitude in the maroon marmot (Marmota purpureus)

by Edward A. Dendrite and H. Elizabeth Kinetochore 

Journal of Zany Zoology 31: 202-10, 2003

Abstract:  The maroon marmot, Marmota purpureus, is a recently discovered species native to the Andes Mountains of South America.  To probe the mechanisms by which this rodent has adapted to a low-oxygen environment, we took muscle biopsies and blood samples from 5 M. purpureus individuals captured in the wild.  Myoglobin and hemoglobin were purified from these samples via precipitation with ammomnium sulfate and ion-exchange chromatography. Our results revealed that the blood of maroon marmots contains ~25% greater concentrations of hemoglobin than the blood of lowland-dwelling marmots.  Similarly, maroon marmots have approximately twice the muscle myoglobin concentrations of comparable sea-level species.  These elevated levels of oxygen-binding proteins may constitute physiological adaptations of M. purpureus to living at high altitude.

MBP2 expression and myoglobin degradation in hypoxic muscle cells

by Alyce A. Dehydrogenase and Wayne L. Residue

Journal of Biochemical Oddities 44: 542-5, 2002

Abstract:  Myoglobin-binding protein 2 (MBP2) is a recently discovered 13-kilodalton polypeptide present in the cytoplasm of some vertebrate skeletal muscles.  We measured MBP2 expression in cultured muscle cells under hypoxic and normoxic conditions.  A 5-fold increase in MBP2 expression was induced by switching cells from normoxia to hypoxia.  Under hypoxic conditions, the majority (78%) of cytoplasmic MBP2 was found to be noncovalently bound to myoglobin, an association that did not affect myoglobin's oxygen-binding characteristics. Furthermore, in separate experiments, the half-life of myoglobin was shown to be significantly longer under hypoxic conditions than under normoxic conditions (29 ± 4 days [mean ± standard deviation] vs. 12 ± 2 days; P<0.05).  These data suggest that MBP2 expression and binding to myoglobin may enhance myoglobin's stability in hypoxic muscle cells.
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