Viruses and cultured cells

SGIV (strain A3/12/98), soft-shelled turtle iridovirus (STIV, strain 9701) and grouper nervous necrosis virus (GNNV) were kept in our laboratory. Grouper spleen (GS) cells, grouper brain (GB) cells and Fathead minnow (FHM) cells were cultured in Leibovitz’s L-15 medium supplemented with 10% fetal bovine serum (Life Technologies, Carlsbad, CA, USA) at 28°C. Virus titer was determined based on the 50 % tissue culture infective dose (TCID50).

Virus-infected cells preparation 

GS, FHM and GB cells at 5 × 105 per well were cultured in 12-well plates for 24 h and then infected with SGIV, STIV, or NNV at a multiplicity of infection (MOI) of 5 at 28°C for 48h, respectively. The cells in each well were washed with phosphate-buffered saline (PBS, 2 mmol l-1 KH2PO4, 10 mmol l-1 Na2HPO4·12 H2O, 137 mmol l-1 NaCl, 1‰ NaN3) by three times, and then collected for usage.
Aptamer

The aptamer Q2 was selected against SGIV-infected cells in our previous study. The initial sequence of aptamer Q2 (95 nucleotides) was 5’-GACGCTTACTCAGGTGTGACTCGTATGTCCATGGCCGCATATTGGGAAGGTTGGTTTGGACTATGTGGAAGTTCGAAGGACGCAGATGAAGTCTC-3’. The 5’ position of Q2 were labeled with FITC or Biotin, respectively. The initial and truncated aptamers were synthesized by Life Technologies

Flow cytometry

Flow cytometry was performed to evaluate the specificity of truncated aptamer candidates. The FITC-labeled truncated aptamers were denatured at 94°C for 10 min and cooled on ice for 10 min and then incubated with 2 × 105 virus-infected cells for 30 min. After being washed by three times with PBS, the FITC fluorescences of cells were then assessed with a FACScalibur (BD, Franklin Lakes, New Jersey, USA) by counting 20,000 events.

Fluorescent imaging of cells

Fluorescence microscopy was also used to evaluate the specificity of truncated aptamer candidates. Cells were seeded on coverslips within six-well plates at 4°C for 24h, and infected with virus for 24h. After being denatured at 94°C for 10 min and cooled on ice for 10 min, FITC-labeled truncated aptamers (200nM) were incubated with virus-infected cells at 4°C for 30min in the dark. After being fixed with 4% paraformaldehyde, cells were then washed with PBS for three times. Leica DMRXA fluorescence microscope (Leica, Germany) was applied to detect the fluorescence.

Aptamer-based enzyme-linked apta-sorbent assay (ELASA)

The aptamer-based ELASA protocol was performed as previously reported assays, with some modifications. After being denatured at 94°C for 10 min and cooled on ice for 10 min, Biotin-labeled truncated aptamers (200nM) were incubated with virus-infected cells at 4°C for 30 min. After being washed twice with PBS, the cells were resuspended in 200 μl streptavidin-HRP (1:10,000) for 20 min. The cells were then washed twice with PBS, and incubated with TMB chromogen solution for 5 min. 50 µl H2SO4 (2 M) was added to terminate the color reaction. ELISA plate reader was applied to detect the absorbance at 450 nm. Results for each sample are presented as the mean ± SD from three independent experiments.

Binding affinity analysis

The binding affinity of truncated aptamers was analyzed according to the protocol reported previously with some modifications. FITC-labeled truncated aptamers were diluted to different concentrations (0-2000 nM), and then incubated with SGIV-infected cells for 40 min on ice in the dark. FITC-labeled aptamers incubated with GS cells were served as the control groups. After being washed with PBS, the fluorescence values were detected with FACScan. The actual fluorescence values of each truncated aptamer were obtained by subtracting the mean fluorescence values of control groups. The Binding affinity (Kd) was calculated by SigmaPlot according to the following equation: Y = BmaxX / (Kd + X).

Cytotoxicity analysis

Cytotoxicity analysis of the truncated aptamers was performed according to the assays described previously. GS cells were seeded in 96-well plates at 28°C for 24h, and then incubated with each truncated aptamer at different concentrations (1-1000 nM) at 28°C for 48 h. GS cells without any treatment were served as the controls. To measure cell viability, 20 μL WST-1 Cell Proliferation Reagent (Roche Diagnostics, Mannheim, Germany) was added in to the cells, according to the manufacturer’s protocol. After being incubated for 4 h at 28°C, microplate reader (Thermo, Waltham, MA, USA) was used to detect the absorbance at 450 nm. For each truncated aptamer, results from three independent assays were used.

The stability of truncated aptamers

The stability of truncated aptamers was tested in cell culture Leibovitz’s L-15 medium supplemented with 10% fetal bovine serum (FBS) at 28°C, according to the assays described previously with some modifications. The truncated Q2 was incubated in L-15 medium contained FBS for 360min, 180min, 120min, 60min and 30min, respectively. After the incubation, the mixtures were analyzed by agarose gel electrophoresis methods. The original aptamer Q2 incubated in L-15 medium contained FBS was served as the control group.

In vitro inhibition of SGIV infection by truncated aptamers

We further analyzed and compared the inhibitory effects of original aptamer and truncated aptamers on SGIV infection. GS cells were seeded in 24-well plates at 28°C for 24h. Each aptamer (500 nM) was mixed with SGIV(MOI = 0.5) on ice for 30min. The mixtures were then added to GS cells in 24-well plates. We served three control groups: 1st group (Con 1), the truncated aptamers (500 nM) showed no binding to target cells were incubated with SGIV(MOI = 0.5) and added to GS cells; 2nd group (Con 2), the nonspecific initial ssDNA pool (500 nM) incubated with SGIV(MOI = 0.5) was added to GS cells; 3rd group (Con 3), cells were infected with SGIV (MOI = 0.5) alone. At 48 hpi, the cells and culture supernatant in each well were collected to determine the virus titer. The total RNA of each sample was extracted using the SV Total RNA Isolation System (Promega, Fitchburg, WI, USA), and reverse transcription reactions were performed using a ReverTra Ace® qPCR RT kit (Toyobo, Osaka, Japan). SGIV was detected by quantitative PCR (qPCR) assays as previously described. Data from three independent experiments were used to quantify the effects of each selected aptamer on virus infection. 

The internalization kinetics analysis of truncated aptamers 

The internalization kinetics of truncated aptamers were measured by flow cytometry as described previously. GS cells were cultured in the six-well plates at 28°C for 24h. The cells were then infected with SGIV (MOI = 10) at 28°C for 8 h. After being washed with PBS, FITC-labeled truncated aptamers (200nM) were incubated with cells in L15 medium at 28°C for 10, 20, 30, 60, 90, 120, 150 and 180 min. SGIV-infected cells incubated with FITC-labeled truncated aptamers for 10, 20, 30, 60, 90, 120, 150 and 180 min at 4°C were served as the control groups. The aptamers’ internalization into live cells was stopped at various time points by being washed with pre-cool PBS and placed on ice. Fluorescence was detected with a FACScan cytometer by counting 20,000 events. The kinetics of truncated aptamers internalization was analyzed by subtracting the mean fluorescence values of control groups. All experiments were repeated at least three times.

Selected capture by truncated aptamers

We further investigated truncated aptamers’ ability of selective target cells separation and capture in mixed cell samples. The avidin-coated 96-well microplate was modified with biotin-labeled truncated Q2 for 30min at 4°C, and then washed by PBS for three times. SGIV-infected GS cells were labeled by Hoechst-33342 (Sigma-Aldrich, USA), normal GS cells were stained by calcein-AM (Thermo, Waltham, MA, USA), and then SGIV-infected GS cells and normal GS cells were mixed with a ratio of 1:1. The mixed cell samples were added into each and incubated for 30min at 4°C. Each well was further washed by PBS for three times and visualized with Leica DMRXA fluorescence microscope. The random initial DNA library was served as control.
