Subtilisin Digestion of Virions (see Note 1)
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. 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, 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, Rous sarcoma virus, equine infectious anemia virus, mouse mammary tumor virus, simian immunodeficiency virus, human T cell leukemia virus, and Mason-Pfizer monkey virus, so this technique likely works for all retroviruses and possibly any enveloped virus .
Materials

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.
Subtilisin digestion of virions.
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 4).  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 5). 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 6).  

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 7).

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 8). Likewise, blotting for an interior viral protein, commonly a Gag protein, confirms the integrity of the interior proteins (see Note 9). 

Notes

1. 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.
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.  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.

5. 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.

6. 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.

7.  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.

8. 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.

9.  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.

