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[Abstract] Many postitive-stranded RNA viruses, such as Hepatitis C virus (HCV), highjack cellular
membranes, including the Golgi, ER, mitchondria, lipid droplets, and utilize them for replication of their RNA
genome or assembly of new virions. By investigating how viral proteins associate with cellular membranes
we will better understand the roles of cellular membranes in the viral life cycle. Our lab has focused
specifically on the role of lipid droplets and lipid-rich membranes in the life cycle of HCV. To analyze the role
of lipid-rich membranes in HCV RNA replication, we utilized a membrane flotation assay based on an 10-2030% iodixanol density gradient developed by Yeaman et al. (2001). This gradient results in a linear increase
in density over almost the entire length of the gradient, and membrane particles are separated in the gradient
based on their buoyant characteristics. To preserve membranes in the lysate, cells are broken mechanically
in a buffer lacking detergent. The cell lysate is loaded on the bottom of the gradient, overlaid with the
gradient, and membranes float up as the iodixanol gradient self-generates. The lipid content of membranes
and the concentration of associated proteins will determine the separation of different membranes within the
gradient. After centrifugation, fractions can be sampled from the top of the gradient and analyzed using
standard SDS-PAGE and western blot analysis for proteins of interest.

Materials and Reagents

1. Huh7.5 cells
2. Huh7.5 cells containing replicating HCV Replicon RNA (= Replicon Cells) (Vogt et al., 2013)
3. Dulbecco’s Modified Eagle’s Medium (with 4.5 g/L glucose, L-glutamine & Sodium pyruvate) (DMEM)
(Corning Cellgro, catalog number: 10-013-CV)
4. Fetal Bovine Serum (FBS) (Benchmark, catalog number: 100-106)
5. Penicillin/Streptomicyn Solution 100x (Pen/Strep) (Corning Cellgro, catalog number: 30-002-Cl)
6. L-Glutamine (Corning Cellgro, catalog number: 25-005-CI)
7. G418 sulfate (Corning Cellgro, catalog number: 25-052-CI)
8. Dulbecco’s Phosphate Buffered Saline without Ca2+ and Mg2+ (PBS) (Corning Cellgro, catalog
number: 21-031-CV)
9. Trypsin/EDTA (Corning Cellgro, catalog number: 25-052-CI)
10. Protease inhibitor cocktail (Sigma-Aldrich, catalog number: P8340) (use as 1:100 dilution)
11. Trypan Blue Stain (Gibco, catalog number: 15250-061)
12. BioRad Protein Assay (Bio-Rad Laboratories, catalog number: 500-0006)
13. Brilliant Blue G-250 (Thermo Fisher Scientific, catalog number: 100-25)
14. Iodixanol (60%) (Sigma-Aldrich, catalog number: D1566-250ML) (kept at 4 °C for use in the
experiment )
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15. PBS/Sucrose (see Recipes)
16. 20% iodixanol (see Recipes)
17. 10% iodixanol (see Recipes)
18. 2x Laemmli buffer (see Recipes)

Equipment

1. Ultra clear centrifuge tubes (Beckman Coulter, catalog number: 344059)
2. 37 °C 5% CO2 cell culture incubator
3. P1000 pipette
4. Microscope
5. Hematocytometer
6. Tight fitting dounce homogenizer (7 ml) (Wheaton, catalog number: 357542)
7. Centrifuge (Beckman Coulter, model: Allegra 6R)
8. Spectrophotometer
9. Ultracentrifuge (Beckman Coulter, model: Optima L-80 XP with SW41T rotor)
10. Protein electrophoresis apparatus
11. Western blot apparatus

Procedure

1. Huh7.5 or HCV replicon cells are grown in DMEM supplemented with 10% FBS, 1x Pen/Strep, 1x
Glutamine for 4-5 days from 20% to a 80% final confluency in T175 flasks (will need 5 flasks per cell
type). The medium for HCV replicon cells is additionally supplemented with 800 μg/ml of G418.
2. Cells are harvested by washing once with 10 ml of PBS (add PBS to flask, agitate by hand 2-3 times
and aspirate PBS off), then trypsinized with 4 ml of trypsin per T175 flask (incubate cells with trypsin
at 37 °C for 3-5 min, take off cells with 6 ml of PBS by washing the walls of the flask and transferring
to a 50 ml cornical tube). Cells are spun down for 5 min at 400 x g, the supernatant is aspirated off,
and cells are washed once with 30 ml PBS by resuspending cells in PBS and spun down again for 5
min at 400 x g, then resuspended in 10 ml PBS, and counted in a hematocytometer. A total of 3 x
107 cells for each sample are resuspended in 3.5 ml pre-chilled PBS/Sucrose plus protease inhibitor
cocktail (diluted 1:100) and immediately stored on ice.
3. The cells are lysed with 200 passages in a tight-fitting dounce homogenizer, while keeping the
homogenizer on ice.
Note: Be careful not to lift the pestle above the surface of the lysate to minimized creation of air
bubbles.
4. Check that cells are over 90% lysed by mixing 10 μl of the lysate with 10 μl Trypan Blue stain, then
checking the sample in the microscope. Dead cells will be stained blue. If not enough cells are lysed,
lyse cells with additional passages in the dounce homogenizer, and check every 50 passages that
cell lysis was successful.
5. The cell lysate is spun at 2,500 x g for 10 min at 4 °C to pellet cellular debris and nuclei.
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6. Transfer the supernatant (referred to as crude lysate) to a fresh tube and keep on ice.
7. Measure total protein concentration in the crude lysate using Bio-Rad Protein Assay according to the
manufacturer’s protocol.
8. Take 5 mg of protein for each sample and add PBS/Sucrose to a total volume of 2 ml. Freeze the
rest of the crude lysate mixed 1:1 with 2x Laemmli buffer as a control.
9. Mix 2 ml of sample 1:1 with 2 ml of 60% iodixanol (pre-chilled at 4 °C) to get 4 ml of sample at a final
concentration of 30% iodixanol.
10. Put the 4 ml of 30% iodixanol/lysate mixture on the bottom of a centrifuge tube. Overlay carefully
with 4 ml of 20% iodixanol (pre-chilled), then overlay with 4 ml of 10% iodixanol (pre-chilled). Then fill
the tube with 10% until the level reaches 1 mm below the rim of the centrifuge tube. (Overlay with a
P1000 pipette by cutting off 1 cm of the pipette tips, then pipette slowly 1 ml at the time right into the
middle of the centrifuge tube right on top of the gradient level, to minimize mixing.) Make sure the
tubes are balanced well for centrifugation, add carefully 10% Iodixanol on top to balance tubes if
necessary.
11. Spin at 209,000 x g (35,000 rpm) overnight (16 h) at 4 °C in an SW41T rotor.
12. Next day: Collect 22 fractions (500 μl) each from top to bottom. Use cut off pipette tips of P1000 and
carefully take off 500 μl from the middle by just touching the pipette tip to the surface of the gradient,
then lowering the tip slowly to stay right at the surface of the gradient while taking off the sample
very slowly. The increased width of the pipette tip decreases a whirlpool effect and minimizes mixing
of the gradient layers.
13. Mix fractions 1:1 with 2x Laemmli buffer, and freeze, preferable in aliquots, at -80 °C.
14. Samples can then be analyzed via SDS-PAGE and Western blots [see results in Vogt et al. (2013)].

Notes

1. This protocol could be applied to other cell lines as well. The distribution among the fractions at the
end may vary depending on the cell line. Cells lines with a very low lipid content may not work as
well as the Huh7.5, however, the general protocol could be applied (and could be optimized a bit) to
most cell lines since they all contain cellular membranes.
2. For detailed information on how to determine lipid content for whole cell lysate, readers are
recommended to read the review article by Camus et al. (2013).

Recipes

1. PBS/Sucrose
Dissolve 8.55 g sucrose in 100 ml of PBS to a final concentration of 0.25 M sucrose in PBS
Kept at 4 °C
2. 20% Iodixanol
10 ml of Iodixanol (60%)
20 ml of PBS/Sucrose
Kept at 4 °C
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3. 10% Iodixanol
5 ml of Iodixanol (60%)
25 ml of PBS/Sucrose
Kept at 4 °C
4. 2x Laemmli buffer
125 mM tris-HCl (pH 6.8)
20% glycerol
2.5% SDS
2.5 mg/100 ml Brilliant Blue G-250
Mix fresh before use: 950 μl of 2x Laemmli buffer with 50 μl β-mercaptoethanol
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