Experiment #6

Protein Molecular Weight Determination by Osmotic Pressure

Equipment:  1 thistle tube, at least 1 dialysis sheet, 1 rubber O-ring size 217, Pasteur pipette with bulb, a ring stand and small clamp, Bunsen burner, glass-scoring file, ruler, 1 50-ml volumetric flask, 1 100-ml graduated cylinder, beakers, and a laboratory barometer.

Reagents:  650 mg bovine serum albumin (BSA) or 442 mg hen white lysozyme  (What is a protein?  What are the functions of these two proteins?  What are the literature values for their molecular weights?)

Procedure:  

1. Completely dissolve your protein in 65 ml DI water and determine its density  (how?) 

2. Measure and record the separate volumes of both the wide and narrow bores of the thistle tubes.  Record the narrow tube’s length so that you know the volume per mm of its length.

3. Wearing gloves, cut a sheet of tubing about as large as a piece of weighing paper.  Carefully cut this piece in half along the creases.  Immerse both sheets in a beaker of DI water

4. Using a glass file (triangular cross-section), cut the stem of the thistle tube to be as long as the neck of a Pasteur pipette.  You want the pipette to be able to reach inside the thistle tube bulb.  Fire-polish the end of the cut tube; discard the excess stem in the broken glass container

5. Construct an osmotic pressure apparatus from the thistle tube, dialysis sheet, and O-ring as follows.  Place a sheet of dialysis tubing over the mouth of the thistle tube.  Be sure the entire top is covered.  Slowly roll the O-ring around the neck of the tube to hold the dialysis sheet in place.  Keep the tubing moist.  Invert the tube and place it inside a 600+ ml beaker.  Clamp the inverted tube at that height.  Do not allow the tubing to touch the bottom of the beaker. (Why not?)  We have some thistle tubes on which you can practice if you want.

6. With a long Pasteur pipette, insert the protein solution into the thistle tube bulb volume.  Do not allow any air bubbles inside the thistle tube.  Make sure you have no leaks!  The protein solution should be just into the neck of the tube.  Lower the filled bulb into a beaker of DI water and mark the tube at the height where the inside and the outside levels are equal.  (See Figure 1.)

7. Store your clearly labeled apparatus in the designated hood and measure the osmotic rise.  Ask Dr. Parr for the keys on Thursday and Fridays mornings; the group of you can elect one lucky person to do this for everyone's tubes.  In the morning, add more DI water to your beaker (see Figure 2) up to the original mark.  Then measure and record the osmotic rise.  On Friday afternoon at our usual lab time, come in and take your final reading.

Tips for handling dialysis tubing and membranes:  If you take more courses in biochemistry, you will encounter dialysis sheets again.  They are widely used to purify biological macromolecules.  (Considering the theory behind this experiment, why do you think this is so?)  Dialysis sheets need to be wet at all times; if they dry out they become brittle and break. When you cut your sheets in half to make a single layer, be very careful not to tear or nick the tubing.  Otherwise, your protein will leak out of the apparatus and the experiment will not work.  Finally, wear gloves while handling the tubing.  It contains a preservative (0.1% Na3N) that is poisonous if taken internally.  In addition, dialysis tubing is usually made of cellulose.  Some enzymes can digest cellulose, in other words, destroy your tubing.  Gloves will prevent anything on your hands from damaging the tubing.  Don't worry -- working with dialysis tubing is not as difficult or cumbersome as it sounds. 

Techniques:  The volume of the final solution will be that of the bulb plus the volume associated with the osmotic rise in the tube.  That rise height is not only critical for osmotic pressure (see Theory) but also for calculating the final concentration of the protein solution.  While the thistle portion of the apparatus is not of constant bore, the tube portion is completely cylindrical, thus length measurements suffice to determine the volume of the rise.  Be sure to recalibrate your calculations based upon the rise volume starting at the initial mark, since the beaker water will have distended the dialysis sheet.

The thistle tube is too long for our experiment.  The tube needs to be long enough to permit the Pasteur pipette to reach just into the thistle bulb when the latter is inverted.  The reason is that the viscosity of the proteins will cause bubbles if it is injected from within the tube rather than from within the bulb.  So you need to cut and polish the glass at the correct tube length.  Remember that hot glass looks like cold glass!   Wear goggles when you break the glass.  Discard all fragments in the broken glass container.

While the thistle tube is cooling, weigh out your protein accurately (to 3 significant figures) and prepare the solution in a 100 ml graduated cylinder.  Determine the density of the solution at room temperature.  Warming the solution under warm tap water may be necessary to dissolve the protein; however, it is sufficiently soluble and will not precipitate at room temperature.  Before adding the protein solution, weigh it inside the flask.  After you fill the thistle bulb, weigh the remaining solution.  Using the density, calculate the mass of protein you added.

Construct an osmotic pressure apparatus by covering the thistle bulb with a section of single-layer dialysis tubing and holding it in place with the O-ring.  You need to wear goggles for this seemingly benign operation since the O-rings makes a very tight seal and if it slips, it becomes a rubber band cannon.  As my mom used to say, you can poke someone's eye out with that thing.  Please note that the dialysis tubing cannot be permitted to dry out!  So invert, fill, and dunk your apparatus into its prepared beaker as soon as you've made it.

Osmotic rise is a steady process, so do not expect to see any significant change in the liquid column immediately after you adjust the tube to equalize the water levels both inside and outside the tube.  Mark the position on the tube and ensure that the external water level remains at that mark.  You should visit your apparatus between lab periods to counter evaporation of the beaker water by adding more to the tube's mark.  At those times you will see that the protein solution has indeed risen, so record the location and time of these intermediate heights to get a feeling of the dynamics of the experiment.  Only the initial and final marks are critical for molecular weight determination, however.

After you measure the final height and volume of the protein solution, clean your apparatus.  Discard the proteins down the drain, discard the dialysis tubing in the trash, and return all borrowed equipment.

Theory:  We have seen how individual atoms and sometimes entire small molecules (and their fragments) can be ionized and shot through a mass spectrometer to curve their paths with magnetic or electric fields.  This curvature determines their molecular weights.  Since the deflection depends not only on the force, determined by the field strengths and the ionic charge but also by the inertia of the ion's mass, what the mass spectrometer actually measures is the ratio of charge to mass.  But since we know the charge, we can readily determine the mass.  This process only works for molecules that survive the rigors of vacuum and ionization.  Most proteins will not.

In a previous experiment (#4) we determined how the weight of an known quantity of an ideal gas can yield its molecular weight, but proteins are not gaseous, either.  Even the boiling point elevation experiment (#5) cannot be used with proteins because they denature in boiling water and such low molar concentrations of proteins in solution render the elevations immeasurable.  This last point includes freezing point depression as well.

Osmosis:  Osmotic pressure (Zumdahl section 11.6) is a result of the natural tendency of solutions of different concentrations to mix to a uniform concentration.  In other words, uniform mixtures do not spontaneously evolve into separate volumes of differing concentration, but the reverse occurs.  If we need to maintain differing concentrations, we need to do some work to effect the separation.  The work in this experiment is "pressure-volume" work.

The essence of an osmosis experiment is a membrane separating solutions of differing concentrations.  This membrane must be selectively permeable, that is, it must be permeable to the solvent but impermeable to the solute.  Thus the proteins always remain within the thistle tube but water is free to pass in either direction.  The membrane you are using is taken from dialysis tubing that blocks the passage of molecules whose molecule weight exceeds 10,000 amu.  At a mere 18 amu, water has no difficulty with such a membrane, but macromolecules like proteins can have molecular weights that easily exceed this value.  (1000 amu = 1 kiloDalton or kD.)

We construct the apparatus so that as the water diffuses in, it must force the solution up a tube against gravity.  Since the solute always stays within the tube, it can never reach the zero concentration of the pure water solution on the other side of the membrane.  The solution will not rise indefinitely.  The "free energy of mixing" (which we will encounter in thermodynamics) is countered by the gravitational energy associated with the solution's rise until the two establish an equilibrium.  If the solutions are ideal (or nearly so) the pressure is given by the osmotic pressure expression.  The measured pressure, in mm Hg, is the mm of solution scaled by the ratio of the densities of the solution and mercury.  The density of Hg = 13.6 g/cc.

Notebook hints: In addition to the usual pre-lab, answer the questions in parentheses.  Include all your intermediate heights and times.

Report Hints:  Determine your protein's molecular weight; show your work.  How close was your value to the literature values?  Discuss sources of error and any mistakes you made.  Also compare and contrast the osmotic pressure method to other methods of determining proteins' molecular weight.  Which do you think is better?  You may find some material in Quantitative Chemical Analysis on this topic.  

Osmotic pressure isn't symbolized by P but rather by (.  Still it is satisfying to discover that if we symbolize molar concentration of the protein by C = n/V, then the osmotic pressure relation is as easy to remember as the ideal gas equation:

( = (n / V) RT = C RT
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Lab-report content:

Theory: 
What is osmotic pressure and how can it be used to determine molecular weight of proteins?  (equation included)

Experim.:
The experimental setup and your work  (procedure).

Results:
Show your calculations and compare your results with literature values (include reference).

Discussion:
Did your results get close to the literature values?

 
Did you make any mistakes or were there other sources of error?

 
Is it possible to improve this method?


Any other techniques of measuring molar mass of proteins? 

Figure 1 (to left) shows thistle tube with protein solution immersed in water.
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Figure 2 (below) shows detail of the experiment before water is added to bring the outside level back up to the mark!  Notice that the level inside (marked “meniscus”) is below its original mark but above the level of the distilled water outside the thistle tube.  Restoring evaporative loss to that mark will raise the level of the meniscus above the mark.
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