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Unit 6:

Isolation of LDH, Part I
Introduction:

Most proteins must be purified from their original source for several reasons before they can be properly used.  One of the major reasons to purify proteins is to isolate it from proteases, enzymes that will degrade the target protein.  As soon as the cells are broken open, there is a race against time as proteases are released along with the target protein.  Since these proteases are temperature-sensitive, homogenization is usually conducted at 4oC, which decreases protease activity.  

Other contaminants may inactivate the target protein without destroying it.  This is especially true if the target protein is an enzyme.  An inactive protein cannot be assayed for activity and therefore the success of the isolation protocol cannot be determined.  Furthermore, if the goal is to isolate a protein in order to perform structural or functional studies, then the target protein must not have contaminants.  For example, NMR or X-ray crystallography requires pure samples for successful results.

A strategy for purifying a protein relies heavily on chromatography because of the high resolving power of this technique in isolating a minor component from a complex combination of solutes.  There are many types of chromatography, as discussed earlier in this manual, and the types that are most effective for purifying a given protein are determined for the most part by trial and error.  Sometimes if some properties of the protein are known at the start, a rational approach can be taken to select a type of chromatography that will be highly effective at isolating the protein being purified from all the other contaminating proteins.  

For example, if you know that the protein’s isoelectric point (pI) is unusually low, say 3.0, you might expect that anion exchange might be highly selective at purifying this protein. The following reasoning shows how this works.  The pI is the pH at which the net charges of a protein are zero.  These charges, whether positive or negative, are a result of acid and basic side groups for the most part.  (Although the amino groups and the acid groups of amino acids also contribute to charges in proteins, the only free amino and acid groups not tied up in peptide bonds are found at the N- and C-terminus, respectively.)  Remembering the concepts of acid-base chemistry as applied to proteins, if you start out at a very low pH, all acidic and basic side groups will be protonated, leaving the protein with a net positive charge.  As you raise the pH, more and more acidic side groups will start to release their protons leaving behind a negatively-charged carboxylate group.  Eventually as you raise the pH, you will reach a pH at which the number of negatively-charged carboxylates will balance the number of positively charged amino groups, and the net charge is zero.  This is the pI point for that protein.  Continuing to raise the pH above the pI point, the number of negatively charged carboxylates will exceed the number of positively charged amino groups, leaving a net negative charge on the protein.  This trend is summarized here:

	At a pH below the pI point
	At a pH equal to the pI point
	At a pH above the pI point

	Carboxylates are uncharged

Amino groups have + charges


	Charge on carboxylates equals charges on amino groups 
	Carboxylates have __ charges

Amino groups are uncharged

	Protein net charge is +


	No net charge on protein
	Protein net charge is __


Anion exchange chromatography adsorbs proteins that have a net negative charge, and proteins are eluted by mass action when a buffer with a high concentration of an anion (such as sodium chloride salt) is used to elute the adsorbed proteins from the column.  If the protein you are purifying has an unusually low pI point, it will have a net negative charge in most buffers at or even below neutral pH.  You might adsorb proteins at a fairly low pH, say 5.0, where the majority of proteins have a net positive charge, so that the majority of the proteins will not bind to the anion exchange column.  Then, by eluting with a salt gradient, the protein you are purifying is more likely to be resolved from the remaining contaminating proteins because there are fewer proteins remaining on the column.

This educated guess about how to purify a protein by ion exchange based on its isoelectric point most often does not work, unfortunately, and here is why it doesn’t work.  The isoelectric point is based on all of the amino acid side groups of the protein, while chromatography is based on only the amino acid side groups that are present at the surface of the undenatured protein.  Sometimes the isoelectric point and the chemistry at the surface of a protein are the same, but more often than not they are different.

The same can be said for hydrophobic interaction chromatography.  Although knowledge of the proportion of amino acids with hydrophobic side groups might be used to predict how effectively they can be adsorbed to a HIC column, remember that most hydrophobic side groups are going to be buried in the interior of a protein by the hydrophobic effect.  If, however, you know that the protein that you are isolating interacts naturally with hydrophobic molecules, say for example a lipase enzyme, you might predict that the surface chemistry of such a protein must have at least a patch of hydrophobic amino acid side groups at its surface.  In this case, you could predict that this protein would have an unusually high affinity for a HIC resin so that this chromatographic approach might be highly selective for isolating this protein from the other contaminating proteins.

More often than not, a protein cannot be purified sufficiently by a single chromatographic step.  This depends on how pure the protein is at the start of the purification and it also depends on how pure you want to have the protein at the end.  Often, the real art to protein purification lies not so much in which chromatographic approaches that are used, but rather what order the chromatographic steps are taken.  There are many factors to keep in mind when deciding this order.  For example, some chromatographic approaches such as ion exchange or IMAC require protein to be applied to the column under low salt condition and to be eluted under a high salt concentration.  Other chromatographic techniques, such as hydrophobic interaction chromatography, require just the opposite:  adsorption under high salt conditions and elution under low salt conditions.  There is a clear advantage to dove-tailing these in a chromatographic scheme in order to be able to directly apply proteins eluted from one column to the next column without having to adjust the salt concentration of the sample in between.

Another consideration is a more economic one:  save the more expensive step for the last.  There are a couple of reasons for this.  For one, as you purify the protein away from other proteins, the size of the next chromatography column can often be reduced.  When this is accomplished, the size of the next chromatography column can be reduced, requiring less chromatographic resin.  Another reason for saving the more expensive column materials for last is to avoid fouling the more expensive column with molecular contaminants that get extracted with the proteins at the beginning of your purification scheme.  For example, ion exchange and HIC matrices are considerably less expensive than IMAC or affinity chromatography matrices, so you might want to lead with ion exchange and/or HIC in your purification scheme.

Another consideration in designing the order of chromatographic steps has to do with the effects of a purification step on the volume that the protein ends up in.  For example, usually the extraction step at the beginning of a purification scheme results in a big volume of dilute protein, so the extraction step is often followed by a step that concentrates the sample volume as it purifies it.  Classically, this is done by an ammonium sulfate or a PEG (polyethylene glycol) precipitation of proteins.  These agents cause proteins to “salt out” of solution without denaturing them.  Since proteins differ in how readily they will salt out of solution, these precipitation steps also result in some purification while concentrating proteins.  The high concentrations of the ammonium sulfate or PEG required for this salting out step makes this approach unacceptably expensive for scaling up, especially since it requires a centrifugation step.  The preferred approach to larger-scale protein purifications for volume reductions and purification from small molecular contaminants is ultrafiltration.  Cross-flow (tangential-flow) ultrafiltration can quickly reduce the volume of a cell extract while removing significant amounts of salts and organic molecules from the extract.

In this lab exercise, we will isolate the H-isozyme of lactate dehydrogenase from bovine heart tissue.  Following extraction by homogenization, enzyme will be concentrated by ammonium sulfate precipitation.  The redissolved protein will then be purified by a number of chromatography steps, beginning with ion exchange and ending with gel filtration.  Unlike the green fluorescent protein (GFP) that you isolated in Units 2 and 3, LDH cannot be seen directly as it fractionates during the extractions, precipitation, and chromatography steps.  Its location will be monitored by LDH assays, using the standard assay that you have designed from the Unit 5 exercise.  

Unlike the test columns used for purifying GFP in Unit 3, the columns to purify LDH will be larger.  Larger columns have a bigger back-pressure, so will run much slower than small columns, often over a period of several hours.  Automatic fraction collectors will be used to collect chromatographic fractions during and following the lab period, and fractions will be assayed for enzyme and protein levels in the next lab period.  When the fractions that contain LDH are determined, they will be pooled and used in the next purification step.  A purification table will be constructed during the process of isolating LDH, in which the following parameters will be monitored at each step of the purification:  

· total enzyme activity in units, 

· enzyme concentration in units/mL, 

· total protein concentration in mg/mL, 

· specific activity of enzyme in units per mg protein, 

· % yield of enzyme activity, and 

· purification factor

Lab 6-A:
Preparation of a Size Exclusion Chromatography Column
Introduction:

Throughout the semester, we will be exploring the different types of column chromatographies and their purposes.  But all column chromatography works in a similar manner.  A tube is filled with the column matrix.  These are small beads that may contain a charge or have pores and are suspended in a buffer.  The protein is layered on top of the column, followed by buffer.  The mixture of proteins separates as it proceeds through the column, and the proteins are collected in fractions at the bottom.

In this lab we will be performing size exclusion chromatography (SEC), also referred to as molecular sieving or gel filtration chromatography.  In this protocol, the column matrix is a porous gel made from polysaccharide-based beads such as Sepharose or Sephadex.  The pores in these beads are large enough for small proteins to pass through, but small enough to exclude large proteins. These large proteins go around the beads in the spaces between.  Since it is faster to go around the beads rather than through them, the larger proteins are eluted from the column first with the smaller proteins eluted later.  

Size-exclusion columns are usually very long, being 25-40 times longer than they are wide.  This allows for good separation of the mixture.  The protein loaded onto the column is usually no more than 5% of the column volume.  (The smaller the loading volume, the higher the resolution of proteins eluted from these columns.)  

Sephadex fractionation gels were among the first to be developed.  They are made of a polysaccharide of dextran which is composed of many glucose molecules linked (1(6.  The Sephadex with lower numbers (Sephadex-25 or –50) are very rigid with many cross-links.  Sephadex-100 or –200 are much less rigid and compress easily.  This means that Sephadex-100 cannot be used in large-scale procedures and are therefore unsuitable for industrial applications.

Sepharose gels are made from the polysaccharide agarose.  These sepharose gels have a very open pore structure held together with hydrogen bonds.  Therefore, they are very good for separating larger molecular weight proteins.  However, Sepharose is not stable above 40oC and therefore cannot be sterilized by autoclaving.  Other recently developed gels such as Fractogel, made by Merck have pores of intertwined polymers, which make the gel much stronger and more suitable to large-scale production.  However, Sepharose gels are still the most commonly used since they are inexpensive, easily handled and perform well.

SEC columns are stable and may be reused repeatedly as long as they are flushed after use and stored properly.  Since they are biodegradable, it is important that they are stored over the long term in the presence of an antimicrobial such as sodium azide.  

Since they can be used repeatedly for years at a time, it is useful to calibrate a SEC column so that you know when to expect the different sizes of proteins to elute from them.  To calibrate a column, you simply run samples of proteins of known size through them, collecting uniformly-sized fractions during the run, and measure which fraction your standard proteins elute from the column.  The location of proteins in eluted fractions can be quickly determined by measuring the ultraviolet absorbance of the collected fractions.  The relationship between the elution volume (Ve, the volume collected before a protein elutes from the column) and the log of the size of the protein is linear.  This means that a standard curve for a column can be drawn by plotting the elution volumes (Ve) of a number of standard proteins (x-axis) against the log of their molar masses (y-axis).  This standard curve can be used to predict the elution volume of any protein from that column in future runs.  

Another useful parameter to measure of a SEC column is the void volume (Vo):  this is the volume collected before the largest proteins begin eluting from the column.  V​o is the elution volume of molecules which are excluded from the inside of the bead because their size is too large to penetrate the pores in the bead.  This totally excluded volume is the same volume of the column not occupied by beads.  This volume surrounding the beads cannot be calculated, but can be measured by the elution volume of a molecule that is so large that it is excluded from the interior of the beads and is only distributed in the mobile phase of the column.  Blue Dextran 2000 is commonly used for this purpose, a dye-labeled dextran that has an average molecular weight of 2,000,000.  Since it is highly colored, its progress down a running column can be directly visualized, or it can be measured by the ultraviolet absorbance of collected fractions.  

Blue Dextran also is an excellent test substance for checking the performance of columns by visually displaying the shape and leading edge of the effluent peak.  When the column is correctly packed the colored zone should move through the column bed with a sharply defined, horizontal front.  The leading edge of the effluent peak should be very steep.  The peak itself will be more or less symmetrical.  The appearance of a Blue Dextran band flowing through a SEC column can be used to troubleshoot the column as follows.

· A zone which is not horizontal will give a broad peak with loss of resolution and unnecessary dilution of protein samples.  This may be caused by uneven sedimentation of the gel during packing, a temperature gradient across the column, ore, most probably, by packing the bed in a column which was not vertical.  

· Irregular zones are most often due to irregularities in the column bed surface.  The bed surface must be flat and some form precaution should be used during sample appliction to avoid disturbing it.

· Initially sharp zones which become irregular during their passage through the column result from irregularities in the packing of the bed.  Packing from too thick a suspension or packing in stages are common causes of such irregularities.  Columns should be extended by a reservoir so that all the gel may be added at one pouring.

SEC media come in a selection of different porosities, suitable for separating different sizes of proteins.  The more porous beads are more accessible to larger proteins, but these beads are also more compressible, so must be run at slower flow rates.  For example, Sephadex comes in the following sizes.

	Gel type
	protein size fractionation range (daltons)
	Approximate maximum flow rate  (mL/min)*

	Sephadex G-10
	0 – 700 
	10

	Sephadex G-25
	1,000 –  5,000
	10

	Sephadex G-50
	1,500 – 30,000
	10

	Sephadex G-75
	3,000 – 80,000
	6.4

	Sephadex G-100
	4,000 – 150,000
	4.2

	Sephadex G-150
	5,000 – 300,000
	1.9

	Sephadex G-200
	5,000 – 600,000
	1.0

	Sepharose 2B
	70,000 – 40,000,000
	0.83

	Sepharose 4B
	60,000 – 20,000,000
	0.96

	Sepharose 6B
	10,000 – 4,000,000
	1.16


*These flow rates are for a column approximately 2.5 cm diameter with a bed height of 30 cm.  As the diameter decreases, the flow rates should also decrease.  These are maximum flow rates to avoid compressing and plugging the column.  Since size fractionation by SEC is a diffusion limited process, better resolution will result from flow rates less than the maximums listed here.

SEC beads also come in different overall bead sizes, from super fine to coarse.  Since the migration of proteins into the bead pores is a diffusion-limited process, an increase of bead surface area can improve the quality of chromatography.  The smaller the bead size, the greater the surface area, but unfortunately the flow rate through a column of smaller beads will be slowed down.  Smaller particles pack more tightly and physically interfere with the flow of liquids.  An example of this would be fine clay soils compared with course sandy soils.  While water can flow through sand readily, a clay soil can effectively seal off any penetration by water.  You don’t want this to happen to your column!  For routine lab applications a medium or even course grade of SEC beads are used.

Supplied in a dry powder form, SEC beads must be hydrated according to the manufacturers’ specifications.  Once they are fully hydrated, the column must be poured in a single pour.  This means that a careful estimate of the volume of the column and the beads being applied to the column must be made.  Since these beads easily trap air bubbles, destroying their separating capacity, care must be taken at all times to prevent any incorporation of air in the column or column buffer.  This includes degassing solutions and bead suspensions in a side arm flask under vacuum until air bubbles stop forming before use.  Once the column is poured, it must be calibrated with molecular weight standards, using buffering conditions, column flow rates, and fraction sizes that mirror the conditions that the column will be operated at during protein fractionation on it.  

The actual dimensions of the column used in SEC are an important parameter in its purification efficiency.  A long, thin column of the same volume of as a short, thick column will separate with higher resolution.  Also, since sample is not adsorbed and thereby concentrated on a SEC column, these columns have low capacity and tend to be large columns.  The amount of sample that can be applied to a SEC column must not exceed 5% of the column volume, and separation is better if sample volume is in a range of 1-2% of the column volume.  

	Safety:  Sodium azide is highly toxic and appropriate PPE must be used whenever handling solutions that contain sodium azide.  
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	Final pH
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	Prep temperature


	Sterilization procedure
	Storage conditions


Calculations/Comments:

Protocol:

Part I:  Preparing the Size Exclusion Column-This procedure may have been done for you. 

1. Measure the volume of your column by filling it with water and draining the water into a graduated cylindner.  Consult the manufacturer’s specifications in order to weigh 10% more than the amount of Sephadex G-100 required to fill this column volume.  

2. Follow the manufacturer’s instructions for hydrating the beads, using a column running buffer of 0.050 M sodium phosphate, pH 7.0.   If these instructions are unavailable, weigh up about a gram of Sephadex G-100 for each 20 mL of column bed volume.  Beads must be thoroughly hydrated over night in an excess of column buffer without stirring.  (Stirring causes mechanical breakage of the beads.)  The hydration step can be accelerated by heating in a boiling water bath for 30-60 minutes.  The boiling water bath offers the advantage of simultaneously degassing the suspension.  If you do not hydrate in a boiling water bath, the fully hydrated beads should be degassed by placing them in a side-arm vacuum flask and pulling a vacuum on the flask until bubbles no longer form. 

3. Once cooled and degassed, you must remove the finer-sized beads from the suspension, leaving behind beads of more uniform size.  This is done by swirling the suspension and allowing beads to settle.  The majority of beads will settle quickly:  these are the ones that you want to save.  Remove the fines by decanting them off from the beads settled to the bottom of the flask.

4. Before pouring beads into a column, the bead suspension must be adjusted to a 50-75% bead volume.  You can estimate the ratio of beads and column buffer visually.  

5. Mount the column on a stable lab stand.  It is important to avoid locating your column where it is exposed to direct sunlight or temperature fluctuations which can cause formation of air bubbles in a packed column.  

6. Ensure that there are no air bubbles trapped in the dead space under the frit supporting the column bed at the bottom of the column by filling the column one-fourth with column buffer and allowing the buffer to drain into a beaker.  Close the outlet tubing after the air has been removed from the frit and before the buffer completely drains from the column.

7. Fit a buffer reservoir onto the top of the column.

8. Swirl your gel beads back into suspension without introducing air into the suspension, and carefully pour the suspension into the column reservoir, taking care not to introduce air into the suspension.  Make sure that you pour the suspension down along a glass rod touching a wall of the column so that air does not get trapped onto the column.

9. Open the column outlet and let the column buffer drain into a waste beaker.  Allow the Sephadex to settle but do not allow the column to run dry.  Continue adding Sephadex if necessary and allowing the column to pack until the Sephadex nearly fills the clear narrow part of the column.  

10. Two or three column volumes of running buffer should be passed through the column in order to stabilize the bed and equilibrate the beads with the buffer.  The flow rate should not exceed 1 mL/min and the column should not be allowed to go dry under any circumstance.

Part II:  Column calibration

Once you have set up your column, you must take special precautions with respect to the temperature that the column is exposed to.  Although it is okay to set up and equilibrate a column at room temperature, be aware that the resin supports the rapid growth of microbes, which rapidly degrade the resin.  There are two precautions that must be taken to protect your resin from microbial growth:  cold temperatures and the addition of an antimicrobial agent to the column buffer.  

	CAUTION:  once you have chilled a column, it must never be allowed to warm up to room temperature again!  It is also important that running buffers are the same temperature of the column.  This requires you to plan ahead and to prepare running buffers well ahead of the time that they must be used.  Most columns are run at refrigerated temperatures in order to preserve the activity of proteins being purified.  Dissolved gases from the air are more soluble at cold temperatures, and bubbles form when solutions are allowed to warm as the gases come out of solution.  Trapped bubbles destroy chromatographic separations on columns and must always be avoided.  You should also take precautions to remove dissolved gases from running buffers, and to chill the buffers to the temperature of the column before use.




There are at least two different ways to apply sample to a column.  One way is to allow the column buffer to drain to the top of the column bed and simply pipet sample onto the top of the bed.  When the sample has entered the bed, carefully add column buffer to the reservoir without disturbing the column bed.  It is very difficult to add buffer to an exposed column bed without disturbing the column bed.  For this reason, most prefer to add sample buffer to the top of the column bed UNDER the column buffer in the reservoir.  Simply pipet the sample about 5-10 mm above the column bed while the column is running.  Sample should be applied to the column slowly enough that the column bed is not disturbed.

1. Set up your column and connect it to a fraction collector in a refrigerated box.  Set the fraction collector to receive 1.0 mL of sample fractions from your column.  This means that you must use narrow tubing to connect the bottom of the column to the sample delivery arm on the column fraction collector.  Keep the length of this tubing to a minimum in order to minimize the amount of sample mixing as it leaves the column.  You will have to calibrate the number of drops that the fraction collector collects in each fraction to match 1.0 mL.  Start with 20 drops per fraction, and measure the volume of the fractions with a P1000 micropipetter.  Adjust the drops collected accordingly.

2. Combine 0.2 mL of Blue Dextran (2mg/mL in column running buffer) with 0.2 mL of BSA (2 mg/mL in column sample buffer) in a microfuge tube.  Use approx. 14mg of protein to 7mL buffer.

	Column Sample/Loading Buffer is 0.05 M sodium phosphate, pH 7.0, 5% glycerol.  The glycerol helps to make the sample more dense and viscous so that it loads onto the column without mixing.




3. Using a long Pasteur pipet, draw this 0.4 mL mixture into the pipet being careful not to have any air bubbles mixed into your sample.

4. Gently squeeze the bulb of the Pasteur pipette to expel any air from the tip (but without expelling any of your sample). Carefully place the Pasteur pipette tip into the top of the column, keeping the tip a cm above the interface of the gel and the elution buffer (the inside rim right above the gel). 

5. Gently expel the sample from the pasteur pipette, being careful not to disturb the gel, slowly moving the tip of the pipette in a circle around the inside of the column at the interface in order to distribute the sample evenly.  When the sample has been delivered to the column, be sure to withdraw the pipet BEFORE releasing the bulb---you DO NOT want to suck the sample back up into the pipet!  

· DO NOT disturb the gel bed by pipetting the sample too fast or by blowing air bubbles into the gel, as this will reduce the resolution of the column.  DO NOT 

6. Begin collecting column fractions as soon as sample is loaded onto the column.  There is no fraction collector; just you!  Continue collecting fractions until all of the sample has been eluted from the column.  The only way to really tell that all proteins have left the column is to monitor their elution profile by UV absorbance at 280 nm, but you can also estimate how many fractions can be collected from a column run by the total volume of the column.  If, for example, your total column volume is 20 mL, you would not expect proteins to continue eluting from the column after collecting 20 fractions.

7. Monitor the appearance of the Blue Dextran as it migrates down the column.  It should migrate as a thin horizontal line.  If not, you have either not loaded the sample evenly, or you have not poured your column well.

	NOTE:  While your column is running, you should use your waiting time productively by preparing for or beginning the next stage of this unit exercise.




8. When you have eluted a column volume of running buffer from your column, collect your fractions for analysis.  Determine the elution volume (V0) of your column by the fraction that the totally excluded Blue Dextran eluted at.  Determine the elution volume (Ve) for bovine serum albumin (BSA) by measuring the UV absorbance of each fraction at 280 nm.  If needed, dilute the samples in column buffer to obtain accurate spec readings.

Part III:  Column storage

It is important to protect your column from microbial degradation during storage.  A 0.02% sodium azide (stock is at 1%) addition to column buffer is an effective antimicrobial that generally has little interference with enzymes and other sensitive proteins.  To exchange the column buffer with column storage buffer (containing sodium azide), run at least two column volumes through the column before storing it.

Although it is okay to transfer a column from room temperature into a refrigerated environment to help to preserve the column, the column can not be removed from the cold environment to a warmer one.  This is because the gases that dissolve under cold conditions will come out of solution at warmer conditions, trapping air bubbles in the column bed and destroying its capacity to resolved proteins.

Another important consideration is to store your column so that it cannot go dry.  Be sure that you column stop cock is closed off and that there are no leaks in your column before putting it into storage.
Lab 6-B:

Extraction and Concentration of LDH
Introduction:

The H isozyme of lactate dehydrogenase, LDH, is found in heart muscle.  Because LDH is located in the cytosol, it may be isolated with relative ease.  In this protocol, we will be performing the crude isolation of LDH.  In this exercise, we will 

1. extract proteins from bovine heart muscle cells

2. remove cellular debris by centrifugation

3. concentrate and purify LDH by ammonium sulfate precipitation

4. purify LDH by gel filtration

Protein Extraction

The first step is the homogenization of beef heart muscle tissue at 4oC.  There are several methods for homogenization.  In some cases, the tissue is homogenized using a glass homogenizer.  This is a glass tube with a closely fitted sintered glass pestle.  This works well to homogenize small amounts of tissue, especially if the homogenizer is placed in an ice bucket and ice-cold buffer is used.  

Tonight we will homogenize the beef heart in a blender with buffer.  This method is fast and thorough, and can process relatively large amounts of material.  However, blending can induce proteases because the blending frequently increases the temperature of the homogenate.  Therefore care must be taken to ensure that the tissue remains as cold as possible.  This includes working quickly so that the proteins are not unduly warmed.  

Clarification of the Cell Extract

After blending, the extracted protein will be separated from cell debris by centrifugation.  In this protocol we are using large volumes, therefore the tabletop microfuge is too small and the floor model Sorvall preparative centrifuge will be used.  This works by the same principle of the smaller centrifuge, that of using centrifugal force to pellet the proteins.  There are two advantages to using the Sorvall.  First, the larger rotor of the Sorvall allow for much larger volumes to be centrifuged.  Secondly, the floor-model Sorvall centrifuge is refrigerated and therefore maintains the proteins at the desired 4oC. This reduces proteolytic damage to the LDH during centrifugation.  

There are two ways to generate large amounts of centrifugal forces:  by spinning the rotor faster (more revolutions per minute, or rpms) or by spinning a larger rotor the same speed.  The distance from the center of rotation to the material of interest is called the radius of rotation.  The centrifugal force acting on samples in a centrifuge is the relative centrifugal field (RCF).  The RCF can be calculated for any centrifuge rotor by the following equation:

	          RCF   =   11.2   X   r (rpm/1,000)2
Where RCF = the relative centrifugal field in units of “ xg”

           rpm  = the speed of rotation in revolutions per minute

               r   = the radium of rotation in centimeters




See your lab textbook Basic Laboratory Methods for Biotechnology by Seidman & Moore for a more complete discussion of centrifugation

Ammonium sulfate purification and concentration of proteins
Proteins will be precipitated by ammonium sulfate.   Proteins are kept in solution by interactions between their hydrophilic portions and the solvent.  Hydrogen bonds form and the proteins are surrounded by the water molecules of the solvent.  By adding a very polar compound, such as ammonium sulfate, many of the water molecules will interact with the salt instead of with the proteins.  With less water available to stabilize the proteins, the proteins begin to interact with each other and clump together, much as oil clumps together instead of mixing with water.  Certain proteins will salt out at low concentrations of ammonium sulfate; others require higher concentrations.  LDH requires high amounts of ammonium sulfate to salt it out of solutions, so we will add a low concentration of ammonium sulfate to our homogenized beef heart, allow contaminating proteins to precipitate, and centrifuge to drive the precipitated proteins to the bottom of the test tube.  The LDH still soluble in the supernatant will then be precipitated by adding an additional amount of ammonium sulfate to the supernatant.  After allowing the LDH to precipitate, it will be removed from the supernatant by centrifugation.

Purification by chromatography

This second ammonium sulfate protein pellet is redissolved in column buffer and is purified by size exclusion chromatography (SEC).  By the end of the chromatography, the LDH will be purified further by ion exchange chromatography.  The SEC column serves two functions:  to remove excess salts from the protein, replacing it with the column running buffer, and to further purify the LDH from contaminating proteins.  Since LDH is larger that the majority of proteins found in the cell, SEC should work well as a purification step, but SEC always results in as much as a 10-fold dilution of the sample protein.  The next step of chromatography, ion exchange, is an adsorption type of chromatography, so the large volume of sample applied to the column is not a problem.  Elution of adsorbed protein by a salt gradient should result in a more concentrated fraction of purified LDH.

Analysis of Purification

The effectiveness of the LDH purification will be evaluated in two ways:  by SDS-PAGE and by analysis of protein and enzyme concentrations following each step of purification.  Small fractions of each purification step will be saved as the purification proceeds in order to do these analytical steps.  In order to calculate yields of enzyme, total volumes of enzyme pools must also be measured at each step of the purification.

	Safety:

1. Wear goggles when using acid or base to adjust the pH of the buffers.

2. Wear gloves while handling the protein extracts.

3. Never run the blender without the lid securely in place.  Make sure the blender cord is not frayed and that the blender is not standing in any water.  Wear goggles when blending.

4. Before centrifuging, be sure the tubes are balanced.  Also make sure the lid is secure. If there is a centrifuge log, record the date, length of time and speed of your use.
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	Prep temperature


	Sterilization procedure
	Storage conditions


Calculations/Comments on preparation:

Protocol:

To locate LDH enzyme activity in the fractions that you generate during this purification procedure, you will need to 

· carefully measure the total volume of the pooled enzyme fraction of each purification step

· save a small aliquot of each pooled enzyme fraction before continuing with the purification procedure

· later assay each saved aliquot of pooled enzyme for both LDH enzyme activity, total protein analysis, and SDS-PAGE

It would work best to keep all the data on these fractions in a table for later use in constructing a purification table.

1.  Each group is to take a portion of beef heart.  Remove fat and connective tissue from a beef heart with scissors.  

2. Cut up the beef heart into fine pieces.  Weigh out a total of 25 g of heart.  This amount is sufficient for the whole class, and the following tissue disruption step by blender will be performed to provide all lab partners sufficient material for the rest of the unit exercises.

3.  Place in 75 mL cold lysis buffer (sodium phosphate buffer 0.020 M, pH 7.0) and homogenize in the blender for 2 minutes, or until there are no large particles.  Keep the blender cooled, as close to 4oC as possible during homogenization.  

4.  Divide the homogenate into two centrifuge tubes and centrifuge 20,000xg for 10-15 minutes at 4oC.   Collect the supernatant.  Each lab partner group must save 0.2 mL supernatant for enzyme and protein assay in a later class.  Label your crude extract aliquot “CE” along with your group name and date, store it in the freezer for later enzyme and protein analysis, and discard the pelleted cellular debris.

5.  Divide the crude extract among the lab partners in the class to work individually from this point on.  Measure the volume of the remaining crude extract supernatant that is allotted to you.  Place in a large beaker with ice.  Slowly add with stirring 0.242 g ground ammonium sulfate per mL supernatant.  Be sure the ammonium sulfate is mixed in very slowly and is completely dissolved before adding another aliquot.  When the total amount of ammonium sulfate has been added, let the solution sit on ice for 15 minutes.

6.  Divide into two centrifuge tubes, balance the tubes and centrifuge 15,000xg for 10-15 minutes at 4oC.   Collect the supernatant.  Each lab partner group must save 0.2 mL supernatant as the 40% ammonium sulfate supernatant (label “AS40S”) for later analysis for LDH activity and protein analysis.    The LDH activity should be in the supernatant.  Save the 40% ammonium sulfate pellet for later analysis to verify that the LDH activity is not in this fraction.  Redissolve the protein in the pellet in 2.0 mL of lysis buffer.  Label it the “AS40P”, your group name, and date.  Both supernatant and pellet aliquots should be stored in the freezer for later enzyme and protein analysis.

7.  Measure the volume of the supernatant.  As before, place in a large beaker with ice.  Slowly add with stirring 0.166 g ammonium sulfate per mL.  Be sure the ammonium sulfate is mixed in very slowly and is completely dissolved before adding another aliquot.  Let the final solution sit on ice for 15 minutes as before.


NOTE:  This is a good stopping point, if you have run out of time.  Allow the proteins to precipitate in the refrigerator until the next class period. 

8.  Divide into two centrifuge tubes, balance the tubes and centrifuge 15,000 x g for 10 minutes at 4oC as before.

9.  Your LDH should be in the 65% ammonium sulfate pellet.  The LDH in this fraction will be further purified by SEC chromatography.  Make sure that you have removed all of the supernatant and redissolve the pellet in 2.0 mL lysis buffer (0.020 M sodium phosphate, pH 7.0).  If the protein does not completely dissolve in the buffer, it will appear turbid.  Any particulate matter must be removed prior to chromatography by centrifugation in a microcentrifuge at 15,000 rpm for 5-10 minutes at 4oC.  Discard the denatured proteins in this pellet and save the supernatant for the first step of chromatography purification. Reserve 0.1mL in a labeled microcentrifuge tube labeled “AS65S” along with your group name and the date.  Both supernatant and pellet aliquots must be stored in the freezer for later enzyme and protein analysis.

	It is unusual for an enzyme to partition into the highest ammonium sulfate fraction as does LDH.  Most enzymes are found in the soluble fraction of an ammonium sulfate precipitation, and therefore are in a highly dilute solution.  The first step of chromatography is these cases is normally an adsorption chromatography step such as ion exchange chromatography, since this step concentrates the enzyme eluted from the column by a salt gradient.  

Size exclusion chromatography requires that small volumes of sample be applied to the column, and is normally a step that follows a concentrating step of purification.  In our case, LDH is in a highly concentrated solution following ammonium sulfate precipitation, and size exclusion chromatography can be used as the first step of purification.  During size exclusion chromatography, the LDH is not only purified from larger- and smaller-sized proteins, any residual ammonium sulfate is also removed.  




Part II:  SEC purification of LDH

1. If you have stored your column in column storage buffer, you must replace this with column buffer (0.050 M sodium phosphate, pH 7.0) by running two column volumes of it through the column.

2. When the column is prepared, load no more than a 5% column volume of sample under the column buffer in the column reservoir, as you did when calibrating the column with standard proteins.  Be sure to begin collecting 1.0 mL column fractions as soon as the sample is loaded and remove fractions as soon as possible for cold storage.  

3. Assay all fractions for protein by ultraviolet absorbance at 280 nm.

4. Assay all fractions for LDH, using the optimized protocol that you developed in Unit 5.  Estimate from your column calibration where you expect to find the LDH to elute from your column.  These are the fractions that you should first check for enzyme activity.  Use a 20 microliter volume from the column fractions for your enzyme addition to the assay mixture.

5. When you have identified the column fractions the have enzyme activity, combine the fractions that have activity into a pool to be purified further by the next chromatography step.  Measure the total volume of the SEC purified enzyme, label, and freeze for later purification.  Reserve 0.2 mL of this pool for later enzyme and protein analysis.  Label as the “SEC pool” along with your group name and date.

· If your enzyme elutes in several fractions, include in your combined fractions any of the fractions that have at least 10% the level of activity found in the fraction containing the highest level of activity.  Discard all other fractions.

6. Wash your SEC column by passing one/half column volume of 0.2 M NaOH, followed immediately by 5 column volumes of column storage buffer.

Questions for Unit 6

Lab 6-A:

1. Make a table for the data that you accumulated during your column calibration:

	Sample added
	Sample size (daltons)
	Log size

(log daltons)
	Elution volume

(Ve in mL)
	Ratio of elution to void volume (Ve/Vo)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2. Draw a graph relating the Ve/Vo ratio (x-axis) to the log molar mass.  Draw a best-fitting straight line.  How well do your data fall on a straight line?

3. Using the graph that you have just generated and the molar mass of LDH, what is the Ve that you expect LDH to elute from your column?  How well does this agree with what you observed?  Explain any discrepancies.

Lab 6-B:

1.  Read about centrifugation in Seidman & Moore’s Basic Laboratory Methods for Biotechnology (2000) in Chapter 26, Section I.  “Introduction to Centrifugation:  Principles and Instrumentation” (pp. 548-572), and answer the following questions.

a. Measure the radius of the rotor that you used to centrifuge your ammonium sulfate precipitates and fill out the following tables.

	Maximum RCF

(x g)
	RPM

	1,000
	

	3,000
	

	5,000
	

	8,000
	

	10,000
	

	12,000
	

	15,000
	

	20,000
	


	Maximum RCF

(x g)
	RPM

	
	1,000

	
	5,000

	
	10,000

	
	12,000

	
	15,000

	
	20,000


b. What properties did the cell debris have when you used the centrifuge to remove it from the crude extract?

c. Why was a fixed-angle rotor used to centrifuge the ammonium sulfate pellets?

d. What are some advantages of the composite materials that the rotor was made of?

e. What problems can cause the rotor to vibrate during a run, and what problems could this create?

f. What are some good reasons to tighten caps on centrifuge bottles before use?
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