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Purification of HIV-1 virions by subtilisin digestion or CD45 immunoaffinity depletion for biochemical studies 

Abstract
The presence of cellular proteins outside and inside retroviruses can indicate the roles they play in viral biology. However, experiments examining retroviruses can be complicated by the contamination of even highly purified virion preparations with non-viral particles (either microvesicles or exosomes). Two useful methods have been developed that can remove contaminating particles from virus stocks to produce highly pure virus preparations. One approach, the subtilisin digestion procedure, enzymatically removes the proteins outside the virions. While this method is well suited for the analysis of the interior proteins in the virions, it removes the extracellular domains of the integral membrane proteins on the virion. To preserve the proteins on the exterior of the virion for biochemical studies, a CD45 immunoaffinity depletion procedure that removes vesicles by capture with antibody-linked microbeads is employed. These methods allow for the isolation of highly purified virion preparations that are suitable for a wide variety of experiments, including the biochemical characterization of cellular proteins both on and in HIV virions, examination of virion/cell interactions, and imaging of virions.  
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1. Introduction 
Meaningful biochemical analyses of virions and the use of virions in a variety of biological experiments require relatively pure preparations. Unlike many viruses, retroviruses, which are released chronically from infected cells, can contain a significant amount of contaminating cellular proteins (1). While rapid harvests and density centrifugation can eliminate some of the proteins in cell culture supernatants that are secreted from cells or released from dying cells, there are particles (i.e., both exosomes and microvesicles) that can contaminate even the most carefully prepared virion preparation (2, 3). While these nonviral particles have a wide range of densities and sizes, a fraction of them have the same size and density as retroviruses (2, 3). Thus, these vesicular contaminants are impossible to remove by physical methods (4). The amount of contaminating particles varies widely depending on the cell type producing the virions. Generally, epithelial cell lines produce limited amounts of these contaminating proteins.  Macrophages appear to produce an intermediate level of vesicular contamination (5). In contrast, lymphoid cells, especially T cells produce a significant amount of vesicle-associated protein, up to the same level as the virion proteins (2-4). Since T cell lines are typically used for producing large-scale HIV stocks (6), these preparations can be heavily contaminated.  

To overcome this problem, we have developed two methods that are not based on particle density or size to remove these vesicles. For the study of proteins inside the virions, an enzymatic method that removes the proteins in these vesicles using the non-specific serine protease subtilisin can be used. We have observed that proteins in contaminating vesicles are digested by subtilisin digestion while those inside the virions are protected by the virion membrane. Therefore, after digestion vesicles are less dense due to the removal of all or most of their protein while treated virions, which still contain the interior proteins, retain their density. This allows for the removal of these once protein-laden particles from the preparation by density centrifugation. The subtilisin treatment also removes the proteins that are merely adhered to the outside of the virions, including the extracellular domain of the transmembrane proteins on the virus. This process removes greater than 95% of the proteins associated with microvesicles (7-9), allowing the cellular proteins in the treated virions to be analyzed. 

One drawback for the protease digestion approach is that potentially important proteins on the exterior of the virus also are digested and therefore lost.  To study all the proteins on and in the virion, we have developed a secondary approach using CD45 depletion of the virion preparation (4). CD45 is a surface protein found in the plasma membrane of hematopoeitic cells. CD45 is incorporated into many vesicles released from hematopoeitic cells that co-purify with density-purified virion preparations. The key attribute exploited here is that HIV appears to exclude CD45 from the surface of the virus (4, 10), probably due to its relatively bulky cytoplasmic domain. Thus, removing particles with CD45 removes most of the contamination from density purified virion preparations. One important aspect of this technique is that virions must be prepared from CD45-expressing cell lines, i.e, hematopoietic cells such as T cells and macrophages. (see Note 1)
2. Materials
2.1 Density Centrifugation of Virions

1. Dulbecco’s phosphate buffered saline (PBS) without calcium or magnesium. Store at 4oC.

2. 20% w/v sucrose in PBS: 100 g sucrose in PBS, 500 ml final volume. Store at 4oC.

3. TNE: 10 mM Tris-HCl,  pH 8.0, 100 mM NaCl, 2 mM Na2EDTA. Store at room temperature.

4. 5 micron low protein binding filter.

2.2 Subtilisin Digestion of Virions

1. 2X digestion buffer: 40 mM Tris-HCl, pH 8.0 and 2 mM CaCl2. Store at room temperature.
2. 2X subtilisin digestion buffer: 2 mg Subtilisin (see Note 2) dissolved in 1 ml 2X digestion buffer.  Store at -20oC or lower.

3. 2000X phenylmethyl sulfonyl fluoride (PMSF) solution: 10 mg/ml PMSF in ethanol, store at room temperature (see Note 3).

4. PBS, store at 4oC.

5. Mouse anti-gp41TM monoclonal antibody: Perkin Elmer Life and Analytical Science, Shelton, CT, catalog number NEA-9303001EA, aliquot and store at -20oC or lower.

6. Rabbit anti-gp41TM serum: Fitzgerald Industries International, Concord , MA, catalog number 20-HR92. Store at -20oC.

2.3 CD45 Immunoaffinity Depletion of Virions

1. PBS, store at 4oC.

2. anti-CD45 microbeads: Miltenyi Biotec, Inc., Auburn, CA, catalog number 130-045-801, Store at 4oC.

3. Magnetic separator: Dynal MPC-S or MPC-L/ new models MPC®-15, and 2, Invitrogen Corp., Carlsbad, CA, (see Note 4)

4. Mouse CD45 monoclonal antibody: B-D Biosciences Pharmingen, San Jose, CA, catalog number 610265, Store at -20oC.

3. Methods (see Note 5)
3.1. Virus isolation and preparation.

To produce the starting material for subtilisin digestion or CD45 immunoaffinity depletion, virions are isolated from clarified tissue culture supernatants by density centrifugation. This separates most of the soluble proteins from the virions. Repeating this process can increase the purity of the virions with respect to the soluble proteins, but can result in a loss of sample, especially with smaller samples. For comparative purposes, a vesicular or “mock virus” preparation can be prepared using supernatants from uninfected control cell culture maintained under the same conditions as the virus-producing cells. 

1. Remove virus containing supernatant from infected or transfected cells by decanting and clarify to remove cells by centrifugation at 2,000 X g for 10 min or by filtering through a 5 micron, low protein binding filter (see Note 6). 

2. Isolate virions by ultracentrifugation through a 20% sucrose pad at 125,000 X g for 1 hr at 4oC. Fill the ultracentrifuge tube to ½ of the tube volume with clarified supernatant then underlay with 1/10 of the total tube volume using 20% sucrose Fill the remainder of the tube with either more clarified supernatant or with PBS. 

3. After ultracentrifugation, remove the supernatant and sucrose with a pipette and invert the tube to dry. 

4. Resuspend the pellet in PBS at a ratio of between 1-to-80 down to 1-to-1000 (PBS-to-initial volume).

3.2. Subtilisin digestion of virions.
This procedure was developed to study the proteins on the interior of HIV by removing the proteins on the exterior of the virion, including those proteins that are simply adhered to the surface and those in non-viral particles (7-9). It is thought that removing most of the protein from these vesicles makes them less dense. Therefore, they no longer co-fractionate with virions post digestion. Studies with purified microvesicles have found that protease digestion alone removes nearly all of the protein (>95%) in vesicles (7), so perhaps they are permeable to the protease while virions are not. This technique has been used in our laboratory successfully on a variety of retroviruses including, murine leukemia virus (11), Rous sarcoma virus, equine infectious anemia virus (12), mouse mammary tumor virus, simian immunodeficiency virus (11), human T cell leukemia virus, and Mason-Pfizer monkey virus, so this technique likely works for all retroviruses and possibly any enveloped virus .
1. Add concentrated virus preparation (either prepared as above or from another source) to an equal volume of subtilisin digestion buffer at a ratio of 1-to-1 and incubate at 37oC overnight (18 hrs; see Note 7).  For a negative control, include a mock-digested control that consists of a matched virion preparation in the 1X digestion buffer (containing no protease) incubated in parallel with the protease containing sample. Add 2X digestion buffer without subtilisin to the virion sample at a 1-to-1 ratio. 

2. After digestion, add PMSF from the 2000X stock to a final concentration of 5g/ml and incubate for 15 min. at room temperature to inhibit the protease (see Note 3).

3. Re-isolate the digested virions from the subtilisin, protease digestion products, and digested vesicles. Centrifuge the preparations in PBS through a 20% sucrose pad as described above in Section 3.1. Choose an ultracentrifuge tube that is appropriate for the amount of virions to be analyzed (see Note 8). Fill the ultracentrifuge tube to ~1/4 of the tube volume with PBS. Gently underlay at the bottom of the tube ½ of the tube volume with 20% sucrose. Add the digestion or mock digestion mix to the top of the PBS solution, and top off the tube with PBS if needed. Ultracentrifuge at >100,000 X g for 1 hr at 4oC.

4. After ultracentrifugation, carefully draw off the PBS layer and a small amount (~1/10) of the sucrose cushion first. Take the supernatant from the very top of the solution. It is very important not to contaminate the lower fractions with protease-containing solution, so change pipettes and then remove all but ~ 0.1 ml of sucrose solution, thereby leaving only a small layer of sucrose just above the pellet.  Rapidly draw off the remainder of the sucrose with a finer (i.e., smaller bore) pipette or micropipetter (e.g., Pipetman) and invert the tube (see Note 9).  

5. Wrap a small wipe, e.g., Kimwipe, around a pair of forceps and wipe out any remaining liquid that might contain subtilisin from the sides of the tube. Keep the tube inverted and take care to stay away from the pellet when wiping.

6. Turn the tube upright, and resuspend the pellet with the desired volume of PBS or other solution that is appropriate for the next intended procedure (see Note 10).

7. To perform a quality control of the virion digestion/reisolation, examine equal amounts of the mock-digested and digested samples by an appropriate protein analysis, e.g., SDS-PAGE of the total proteins or immunoblotting for proteins on the outside of HIV. For SDS-PAGE analysis, compare the mock-treated with digested virions for a decrease in actin (a prominent band at 42 kDa) or several of the cellular proteins present on the surface. The mature Gag protein bands, i.e. p24 or p17, should be approximately equal between the two preparations while the amounts of cellular proteins should diminish in the digested samples. Even those cellular proteins that are present inside the virion (actin) should decrease as many of the contaminating vesicles carry the same proteins (1). Additional evidence for effective removal of proteins on the outside of the virion by subtilisin digestion can be provided by an immunoblot to examine the removal of gp120SU or the truncation of gp41TM from a 41 kDa molecule down to a 22 kDa species (a truncated form with only the transmembrane and cytoplasmic tail sequences) (see Note 11). Likewise, blotting for an interior viral protein, commonly a Gag protein, confirms the integrity of the interior proteins (see Note 12). 

3.4 CD45 immunodepletion of HIV preparations.
CD45 does not appear to be on the surface of virions yet is associated with most vesicles produced from T cells and other hematopoetic cells (4, 10). This phenomenon has been exploited to remove vesicles from HIV-1 T cell and macrophage preparations by CD45 immunoaffinity depletion with anti-CD45 paramagnetic microbeads (4, 5). It is important to consider that most non-hematopoietic cells do not express CD45 so this procedure will not work for preparations from epithelial cells such as HeLa or HEK293. Also, while this process can remove most of the contaminating particles, it may not remove all of them as some vesicles might not contain CD45 (4). Therefore, it is important to also determine if your protein of interest can be removed from a vesicle-only, “mock virus”, preparation from uninfected cells with this procedure.  
1. Prepare the microbeads for use by first separating them from the stock material provided by the manufacturer by placing the suspension in a microcentrifuge tube that is then placed in the magnetic separator (the MPC-S holds standard microcentrifuge tubes) at 4oC to attract the beads to the side of the tube (see Note 13). Attraction of the beads to the magnet can take hours to overnight as the beads are very small and readily remain in suspension. The beads are reddish-brown so it is apparent when the beads are captured on the magnet side of the tube. The amount of bead-containing supernatant will vary with the amount of virus preparation to be treated. For purified virions, use 2 l of beads (initial stock solution volume) for each g of total protein of the density-purified preparation. If the amount of total protein is not known, an estimate of 1-2 g total protein per ml of initial cell culture supernatant before density centrifugation (see Note 14). Use at least 10 l of beads so you can manipulate them without loss, as smaller amounts of beads are difficult to observe (see Note 15).

2. Remove the stock solution that can contain unbound antibody by carefully removing the supernatant with a pipette, taking care not to disturb the beads on the side of the tube. Wash twice by first removing the tube from the separator, resuspending the beads in PBS and then separating the beads with the magnet. After the second wash, resuspend the beads in a volume that is convenient for adding to the virus samples (see Note 16). 

3. Add the beads to the virus solution and mix gently. Incubate for 1 hour at room temperature before placing the tube in the magnetic separator and beginning the separation at 4oC until the beads are captured on the side of the tube usually ~20 hours. Carefully remove the virus-containing supernatant from the tube, taking great care not to contaminate the supernatant with vesicle-containing microbeads. (see Note 17).

4. For quality control purposes, the removal of CD45 from the preparation can be monitored by immunoblotting samples of both the treated and untreated preparation with a CD45 antibody at a dilution of 1:1000. CD45 should be present in the starting material and absent from the treated material (see Note 18). The general removal of cellular proteins also can be examined by SDS-PAGE.

5. Use the preparation for experiments or analyses (see Note 19).  For treated cell culture fluids, the virus can be pelleted at this point. Losses of the virions can be up to ~30% of the starting material when using pelleted virus.

4. Notes

1. The subtilisin digestion and CD45 immunoaffinity depletion method are complementary methods. Both have their advantages, so the choice of method is dictated by the desired study. Subtilisin works best for experiments that focus on the proteins inside the virion. The removal of vesicular proteins is complete or nearly so and there is essentially no loss of the proteins inside the virion. CD45 depletion is most useful for studies that require the exterior of the virion to be intact.  As noted above, this approach is restricted to virions produced from cell lines that express CD45. Unlike the digestion procedure, CD45-depleted virions maintain their infectivity (4) so they can be used for virological studies. Also, virion-mediated cell signaling or attachment studies can use depleted virions. A drawback of this method is the possibility, as discussed above, that not all of the vesicles might contain CD45 and remain in the depleted virus preparation. Our experience has been this varies with the cell-type used for virus production (4, 5). In either case, the appropriate controls outlined above should help determine the level of vesicular contamination, in any. This complication has not been observed with the digestion procedure. 

2. There are several preparations of subtilisin commercially available from a variety of sources. Any high quality preparation from a reputable supplier should be suitable as this class of enzyme is relatively nonspecific. Two sources that we have used are subtilisin A (Sigma-Aldrich Chemical Company, catalog number P 5380) or subtilisin Carlsberg (Fluka Chemical Company, catalog number 82490).

3. Stocks of PMSF can be made with either acetone or ethanol but be careful to maintain a relatively fresh stock (<2 months old) especially when using ethanol solutions as they tend to degrade faster. The main complication with acetone is that it is more volatile, thus making the stock solution harder to accurately pipette. Several companies provide serine protease inhibitor cocktails which also are suitable. 
4. There are other suppliers for tube-based magnetic separation available. One also can simply put the tube next to a strong magnet, though this is likely to be less efficient. Any high strength magnetic separator/concentrator can be used. Since the publication of our method the L and S versions of the MPC Dynal separators have been replaced by the MPC®-15, and 2 models from Dynal/Invitrogen. I find that the older models work somewhat better.
5. Working with HIV entails a certain risk that when managed correctly is minimal. When this type of work is carried out with poor training and practices, there is a significant risk of contracting AIDS, a serious and incurable deadly disease. Do not attempt the following procedures without the proper training, containment, engineering controls, and work practices.

6. Smaller pore filters, e.g. 0.22µ or 0.45µ, can be used but they should be the ‘low protein binding’ type.

7. The digestion time is not very critical. The protease is in gross excess so the digestion time could be reduced to a couple of hours. Likewise, digestion times can be extended because the virion membrane prevents the protease from attacking the interior of the virus. A 3 day digestion of virions produced no discernable reduction of the interior viral Gag proteins.

8. The size of tube to be used is important to maintain a good separation between the protease digestion and the virions, yet minimize the loss of protein on the tube. The suggested tubes for virion amounts based on p24 or total protein values are: <30 g of p24 or <300 g of total protein, use an Beckman SW60Ti tube and rotor (or equivalent); 30-100 g of p24 or 300-1,000 g of total protein, use an Beckman SW41Ti tube and rotor (or equivalent); and >100 g of p24 or >1000 g of total protein, use an Beckman SW28Ti tube and rotor (or equivalent) [<300 would include 30-100 – it is a bit unclear]. For tube dimensions and other specifications, check the Beckman-Coulter website (www.beckmancoulter.com) or contact your local Beckman sales office.

9. The virion pellet after digestion is quite loose and will disintegrate if treated roughly. Using a micropipetter allows for more precision in removing the last bit. It is better to leave a small amount of sucrose if the pellet starts to disintegrate. If a considerable amount of the pellet does break loose, then the whole pellet can be resuspended in the remaining sucrose solution, removed from the tube, diluted with PBS and then respun in the same sized tube or a smaller tube. A smaller surface area helps prevent the pellet from breaking up.

10.  If you are lysing the virions to run a gel, then you can add 1x PMSF (5 g/ml) to the lysing buffer you typically use if you want to be cautious. Keep in mind that subtilisin can partially digest proteins even in SDS. However, do not add PMSF to a sample if the next analysis is sensitive to hydrophobic compounds (e.g., reversed-phase chromatography) as this interferes with the column or if a downstream step requires the use of a serine protease.

11. Perkin Elmer Inc. (http://las.perkinelmer.com/) manufactures a good gp41TM monoclonal antibody (cat# NEA-9303001EA) and Fitzgerald II Inc. (www.fitzgerald-fii.com/) has a gp41TM polyclonal antiserum [cat# 20-HR92] that is not as specific as the Perkin-Elmer antibody but it is still acceptable)). Internal proteins are best monitored by antibodies or antiserum against Gag, which are available from many sources (www.linscott.com, www.abcam.com, www.biocompare.com). If you have a good patient serum that detects both the interior Gag proteins and the exterior Env proteins, both assays can be accomplished in one blot.

12.  If you experience problems, usually seen as a digestion of Gag detected either by SDS-PAGE or immunoblot, then either the PMSF is no longer effective and should be replaced or some of the subtilisin in the PBS layer has contaminated the preparation after the ultracentrifugation step. If this is the case, then be more careful removing the subtilisin-containing material. Also note that non-lysed sample can be centrifuged through sucrose again.
13. Our experimentation has found that the Miltenyi Biotec microbeads are especially effective while those of other suppliers have not been able to remove all of the CD45 from preparations. It is unclear whether it is the small (50 nm) size of the Miltenyi beads or the antibody used on the bead that provides this efficacy. 

14. Virus containing cell culture supernatants can also be treated directly. In this case, add ~1-2 l of beads/ml of clarified supernatant (cells removed). This takes larger magnets (the MPC-L [new MPC-15) handles 15 ml conical tubes and ~7 ml of medium) and more time for the microbeads to migrate through the bigger volume. However, this approach appears to generally give a better yield than ultracentrifuged preparations.

15. The speed at which the beads are captured by the magnet is inversely proportional to volume. Therefore, if time is critical it is better to distribute smaller volumes of supernatant in more tubes rather than a larger volume in one tube.

16. Consider that the larger the volume the longer it takes to collect the beads. However, working with very small volumes of virus-bead mixture can result in a loss of sample that would be avoidable with a larger volume.

17. It is better to leave a little supernatant in the tube rather than contaminate your sample with some beads.  This small bit can be recovered by placing the tube back on the separator and re-separating the beads. In the same way, if there is bead contamination of the sample during removal, then put the supernatant back on the separator, collect the beads on the side of the tube, and try again to remove the supernatant. As a precaution, the treated supernatant can be put through another cycle of separation to ensure that any stray microbeads are removed from the preparation.

18. If you note a ~30 kDa band [in the SDS-PAGE], then there are beads in the treated preparation, as this comes from the light chain of the antibody-bound beads that is released by the reducing SDS-PAGE gel. A slight signal seems unavoidable and harmless. A heavy signal indicates that another cycle of separation is needed. 

19. Since the CD45 immunoaffinity depletion may not remove all of the vesicles that contain your protein of interest, it is helpful to compare depleted preparations produced from infected and uninfected cells, i.e., look at virus versus vesicle protein levels. Immunoblotting for the protein of interest should show that the specific protein in the vesicle or “mock virus” samples should be reduced or eliminated by the process.
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