HONR 210:  MEDICINE - EAST MEETS WEST


Fall 2051


Lab 6:  Separation of Extraterrestial  Blood





Introduction


I spent 4 years trying to purify a single protein from cow lungs.  First I obtained lungs from the Schlacthof, ground it in a meat grinder, and put it through a food processor followed by a Waring blender.   Then I took the liquid extract and placed it on a series of columns designed to separate the various molecules in the complex mixture into different fractions, with the goal of enriching and eventually purifying my protein.  


Yesterday, you watch a PBS video about Judah Folkman, who has spent decades trying to extract and purify proteins (like angiostatin and endostatin) that inhibit new blood vessel growth, with the goal of depriving metastatic tumor cells from obtaining the nourishment necessary for their growth and proliferation.  Today, you have been given a vial of what is purported to be the last supply of extraterrestial blood discovered mysteriously on the slopes of Mons Olympia, the highest extinct volcano on Mars and in the solar system.  It was found in a titanium box along with several other artifacts, presumably left by an advanced civilization visiting the solar system before intelligent life developed on earth.  Analysis suggests that it consists predominately of three substances found on Earth:


  blue dextran, a polysaccharide (complex carbohydrate) which has been chemically modified with a blue dye.


  Hemoglobin variant, a red-brown protein molecule from red blood cells that carries molecular oxygen (O2)


  DNP-alanine, an amino acid which has been chemically modified with a yellow dye.


Your job today is to separate the components from each other and verify the purity.  This is a necessary step before lab trials can begin to see if any of the pure substances can be used in the treatment of a disease, fanatical lunacy, which appeared on Earth in the last part of the 20th century and still plagues its inhabitants. 


Separating a Mixture of Molecules Based on Molecular Size: Gel Filtration Chromatography


Scientists have made enormous strides in understanding the structures and properties of biological molecules.  To study these molecules in depth, they must first be separated and purified from the enormous number of molecules that comprise a living organism.  Only then can their properties be truly examined and understood.  Since molecules have different size, shapes, and other properties, mixtures of molecules can be separated from each other by using techniques that rely on these various properties for their method of separation. In this lab, you will separate the three biomolecules on the basis of their size.  
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The size of a molecule is closely related to the molecular weight of the molecule.  The molecular weight for any molecule can be calculated by summing the atomic weight for each atom in the molecule.  For instance, H2O has a molecular weight of 18 atomic mass units, 16 from the oxygen and 1 each from each hydrogen.  Biomolecules such as proteins and nucleic acids that you visualized last week, can have very high molecular weights.  The Z protein found in skeletal muscle, for example, has a molecular weight in the millions!  The three biomolecules used in this lab have very different molecular weights, and hence sizes.  These molecules can be separated based on their different sizes using a technique call gel filtration chromatography.  


A mixture of the three biomolecules which are all dissolved in a simple salt solution, will be separated, based on their size and hence molecular weight, on a plastic column filled with a slurry of beads that have been swollen in a salt solution.  (The packed slurry would resemble a slurry of sand which when poured into a column with water would pack the colum but still be surrouonded by water molecules flowing around the sand particles.)  Each bead, as show to the right, is small (about 150 micrometers in diameter) and has many cavities of similar sizes, likewise filled with the same salt solution.  When a mixture of molecules of different molecular weights pass through the column, the size of the molecules will determine whether they enter the solution-filled cavities in the beads.  This property of the beads allows the column to separate a mixture of molecules of sufficiently different size.  The cavity size in the beads is controlled during the manufacturing process.   .





Analyzing the Separated Molecules:  Molecular Structure and the Interaction with Light


Each of the biological molecules used in this experiment appear colored when dissolved in a salt solution.  It is not that the molecules themselves have color, but rather they each have a unique structure which absorbs certain wavelengths (given below in dimensions of nanometers (1 nm = a billionth of a meter) of visible light from the visible spectrum, which imparts a color to the solution.  Not every solution of a molecule dissolved in water has a color.   Sunlight and light from incandescent bulbs are examples of white light, a mixture of all of the colors of the spectrum.  Each color is a range of light wavelengths as indicated by the color wheel depicted below.





�


Consider a liquid which appears green.  The color on the opposite side of the color wheel, namely red, is absorbed by the liquid and the green wavelengths pass through the liquid.  Thus red and green are known as complementary colors.  The green solution absorbs wavelengths over the range of approximately 650-750 nanometers.  Many biological molecules, such as those used in this lab, as well as commercial products like foodstuffs, clothes, ink and paints contain dyes which selectively absorb light of a particular wavelength or range of wavelengths to cause the materials to appear the complementary color.  May of these commercial products contain mixtures of dyes to produce the desired color.  Ultraviolet-visible or UV-Vis spectrophotometry is used to analyze the light absorption characteristics of colored solution.  You will collect the eluting blood samples in different test tubes and determine the wavelengths of light that these sample absorb, helping you to identify your samples.


The UV-Vis spectrophotometer will produce a graph known as a spectrum showing the absorption intensity of the y-axis versus the wavelength on the x axis.  A hill or peak in the graph is a wavelength region of greater absorption.  Don’t worry about the humps or valleys below 400 nm as they are in the ultraviolet region of the electromagnetic spectrum.  


Procedure


Gel Filtration Chromatography


Each group in the lab will be given a gel filtration column clamped to a column and fitted with a stopcock and a piece of tubing.  The column has been washed in a solution of sodium chloride


Remove the top liquid from the column with a plastic pipette.  Open the stopcock as described in lab and elute the column just until the top level of liquid in the column reaches the top bed of the gel.  Shut the stopcock off to prevent further flow.  


With the plastic pipette, carefully add the extraterrestial blood to the column. Take care to disrupt the top bed of the gel beads as little as possible.  


Open the column and start eluting the mixture through the column.  Just as soon as the mixture completely enters the column, shut off the column.  Carefully, add a small amount of the sodium chloride solution to the column, open the column, and wash the mixture into the column.  This step is very important if you wish the mixture to be separated.  Keep adding small volumes of sodium chloride solution until the mixture is clearly into the column.


Carefully fill the column with sodium chloride solution and elute the mixture through the column.  


Collect in three different clean tubes the “purist” sample of each of the three substances eluting from the column.  You will need a least 2 ml for use in the spectrophotomer.


Make sure to draw a sketch of the column at various times during the gel filtration experiment, documenting the progress of the separation.   





UV-Vis Spectrophotometry


If you have any questions or difficulties operating the instrument, consult your T.A. or instructor before proceeding!  


Blank Measurement


Place the cuvette (a sample holder for the spectrophotometer) containing the sodium chloride solution by itself in the cuvette holder of the spectrophotometer.


Select Blank. Wait until the spectrum of the blank appears. 


�
Sample Measurements


Replace the cuvette containing the blank solution with one containing pure blue dextran.  Select Sample.  Wait until the spectrum of the sample appears.  


Repeat step 3 with the cuvette containing hemoglobin and then again with DNP-alanine. The spectrum for these samples will be overlain onto the spectrum for blue dextran.


Repeat step 3 with one of the purified samples from your gel filtration column.  Choose the most purified sample you have.


Pull down the File menu and select Print Reports.  Select Results.  Be sure to label the plot after it prints out if the necessary information is lacking on the output.  


When you are finished and all of the spectra are printed, pull down the Edit menu and select Clear.  All of your data will disappear.





MATERIAL SAFETY DATA FOR EXPERIMENT 1





The solutions of DNP-alanine and blue dextran are considered irritants and should not be allowed to contact your skin for prolonged times.  


The hemoglobin solution is from a bovine sources, and is biologically safe.


The Tris salt solution is an irritant.








DISPOSAL


Place waste containing blue dextran and DNP-alanine in the labeled waste container in the hood.


�
PRE-LABORATORY QUESTIONS – to be handed in at start of lab





1.  A gel filtration column separates molecules by size.  Imagine a column filled with these beads, as shown below.  Three different volumes, shown in the shaded regions below, can be defined for the column.


�


In reality, much of the volume of the beads consists of the solution-filled pores.  Vt is the total volume of the packed beads in the column, Vi is the internal volume of the beads, and Vo is the volume of solution surrounding the beads.  In general Vo  is about 35-40% of Vt .  Answer the following questions before you come to the lab.  


�
Derive a mathematical formula that describes the relationship among Vt, Vi, and Vo.(2 pt)











A gel filtration column is packed from a slurry of the beads in a solution.  The column is continually washed with the solution that is added on top of the packed beads, and eluted at the bottom of the column.  A mixture of three different kinds of molecules, X, Y, and Z, where the molecular weight of X is much greater than Y and the molecular weight of Y is much greater than Z, is placed on top of the packed column.   X is of sufficient size that it can not enter the pores in the beads.  Z is sufficiently small that it can fit into all of the volume within the beads.  Y is intermediate in its ability to fit into the pores.  The mixture is allowed to flow into the column, and then washed through and eluted with more solution.  Pretend you are molecules X, Y, and Z.  Use the diagram of the columns above to visualize the paths of molecules X and molecules Z as they flow through the column.  Using these diagrams, predict the order of elution of X, Y, and Z from the column.  Explain how you arrived at your prediction. (2 pt)

















UV-Vis Spectrophotometry


      Fill out the chart below.(2 ea)





Molecule�
 Color in Solution�
Expect wavelength absorbed�
�
DNP-alanine�
yellow�
�
�
hemoglobin�
red-orange�
�
�
blue dextran�
blue�
�
�



�
LABORATORY REPORT


Lab 6:  Separation of Extraterrestial  Blood


Names:  ______________   _________________   Date: ____________		  





Gel Filtration Chromatography


Draw a sketch in the right margin of the gel filtration column showing the separation of the biomolecules just before the first started to elute from the column.  (2 pt)


From the experiment, what conclusions can you draw about the relative molecular weights of each of the three biomolecules that you were given? (6 pt)


3.  You have a mixture of two different proteins, cytochrome C (present in mitochondria of all cells) and lactalbumin, (a protein found in milk).  The proteins have approximately the same molecular weight, but different charges.  One is positively charged, the other negatively charged.  Obviously, gel filtration chromatography could not be used to separate these protein, but another column chromatography method can.  Suggest how chromatography beads could be made which when used in a column could be used to separate these molecules.  (4 pt)














UV-Vis Spectrophotometry





1.  Hand in the spectrum of the three separate biomolecules, and one of the samples you purified on your gel filtration column.  Identify each on the graph. (3)


From the spectra, identify the sample you purified on the column.  From the spectra, speculate as to how pure the sample is.  How could you have increased its purity? (2 pt)
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