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Abstract

Since its discovery in 1969, enterovirus 71 (EV71) has emerged as a serious worldwide health 

threat. This member of the picornavirus family causes hand, foot, and mouth disease, and also has 

the capacity to invade the central nervous system to cause severe disease and death. This is the 

propagation and purification procedure to produce infectious virion.

Materials and Reagents

1. Hela cells

2. EV71 inoculum (ATCC, www.atcc.org)

3. DMEM (Sigma-Aldrich, catalog number: SH3002201)

4. Fetal Bovine Serum (Thermo Fisher Scientific, catalog number: 

SH3039603)

5. Polyethylene glycol (PEG) 8000 (Thermo Fisher Scientific, catalog 

number: P156-3)

6. Tris-HCl

7. Magnesium chloride (MgCl2)

8. 0.5 M NaCl

9. 0.05 mg/ml DNase (Thermo Fisher Scientific, catalog number: 

NC9709009)

10. 0.1 M EDTA (pH=8.0)

11. Ammonium hydroxide (Sigma-Aldrich, catalog number: A5132-5 Kg)

12. Potassium tartrate (Sigma-Aldrich, catalog number: 25516-500 g)

13. 100 kD cutoff spin column with 4 ml capacity (Millipore, catalog number: 

UFC810096)

14. 30% sucrose-cushion in purification buffer
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15. Purification buffer (see Recipes)

Equipment

1. Cell Stacks (1 10-stack and 1 2-stack) (Thermo Fisher Scientific, catalog 

numbers: 12-567-303 and 12-567-301)

2. Centrifuge

3. SLA1500 rotor

4. 50.2ti rotor

5. 26.3 ml red-capped Beckman tubes (Beckman Coulter, catalog number: 

355618)

6. SW41 rotor

7. Beckman Ultra-Clear centrifuge tubes (14 × 89 mm) (Beckman Coulter, 

catalog number: 344059)

8. Chemistry ring stand with clamp

9. Small light source

10. Microcentrifuge

Procedure

1. 90–95% confluent Hela cell monolayers (passage number not exceeding 

30) grown in cell stacks (1 10-stack and 1 2-stack) were infected with 

EV71 strain 1095/Shiga at an MOI of 0.1 in culture with 600 ml of 

DMEM (500 ml in 10-stack and 100 ml in 2-stack). Virus was allowed to 

attach and infect for one hour at 37 °C. 600 ml of DMEM supplemented 

with 5% fetal bovine serum (500 ml in 10-stack and 100 ml in 2-stack) 

was added to achieve a final volume of 1,200 ml total (1,000 ml in 10-

stack and 200 ml in 2-stack). Infections were allowed to continue at 37 °C.

2. Cells and media were harvested 24 h post infection (or as soon as 

cytopathic effects were obvious) and subjected to three freeze-thaw cycles. 

To remove cell debris, the lysate was centrifuged at 13,000 rpm in a 

SLA1500 rotor at 4 °C for 15 min. To the lysate, PEG 8000 was added to 

provide a final concentration of 8% and NaCl, was added to provide a final 

concentration of 0.5 M. Virus was precipitated overnight at 4 °C with 

stirring and then centrifuged in a SLA1500 rotor (4 °C, 13,000 rpm, 45 

min).

3. Pellets were resuspended in 10 ml purification buffer, bottles were rinsed 

with 5 ml purification buffer, and 0.05 mg/ml DNase was added (do not 

exceed total buffer volume of 20 ml). The suspension was incubated at 

room temperature for 10 min with gentle rocking.
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4. After incubation, 0.1 M EDTA (pH=8.0) was added (10% total volume), 

the pH was adjusted using ammonium hydroxide, and supernatant was 

cleared by low speed centrifugation (4,000 rpm, 5 min, 4 °C).

5. The supernatant was transferred to a red-capped Beckman tube. 2 ml of 

30% sucrose in purification buffer was pipetted directly underneath the 

virus-containing supernatant. The virus was then pelleted through the 

sucrose cushion (50.2ti rotor, 48,000 rpm, 4 °C, 2 h).

6. The pellet was resuspended in 2 ml of purification buffer, tube rinsed with 

an additional 1 ml of purification buffer, centrifuged at 4,000 rpm for 5 

min to remove any remaining cellular debris, and supernatant applied to a 

10–35% potassium tartrate (K-Tartrate) step gradient in the Ultra-clear 

centrifuge tubes for final purification by ultracentrifugation (36,000 rpm, 

4 °C, 2 h, SW41 rotor).

7. The centrifuge tube was immobilized in a clamp on a ring stand above a 

small light source (Figure 1). Other light sources were extinguished to 

visualize the two distinct bands of virus, which were collected by side 

puncture and diluted in purification buffer to reach a final volume of 4 ml. 

The 4 ml sample was placed into a 100 kD cutoff spin column and the 

volume was reduced to about 50–100 microliters by centrifugation at 

4,000 rpm. The sample was diluted again with purification buffer to return 

the volume to 4 ml and then centrifuged to reduce volume to 50–100 

microliters. This process of washing the sample to remove tartrate and 

replace it with purification buffer was repeated in three more wash steps 

(four in total).

8. The concentration of the final 100 microliters of virus was determined by 

spectrometry reading (procapsid read at wavelength of 280 nm and native 

virus read at a wavelength of 260 nm).

9. As previously reported the upper band consisted of procapsid, 

characterized by the presence of uncleaved VP0 and lack of genomic 

material. The lower band consisted of native virus comprised of VP2 and 

VP4, with packaged genome. Each species was diluted to a concentration 

of 0.1 mg/ml for storage. Procapsid is stored at 4 °C and native virus is 

stored at −80 °C.

Recipes

1. Purification buffer

10 mM Tris-HCl

200 mM NaCl

50 mM MgCl2
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pH=7.5 (if initial pH is < 7.5, adjust with 1 M NaOH, if initial 

pH is > 7.5, adjust with 1 M HCl)
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Figure 1. 
A) Two bands of virus in the tartrate gradient are visible when a small light source is placed 

beneath the centrifuge tube. B) The upper band contains empty capsids, which have intact 

VP0 whereas the lower band C) contains native infectious virus. As assayed by negative 

stain TEM (shown) and PAGE gel (data not shown).
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