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Material and Methods 

Cell line and PBMCs. Burkitt’s lymphoma cells (Ramos) were obtained from ATCC (American Type 

Culture collection) and cultured in RPMI 1640 medium (with L-Glutamine, PAA) supplemented with 10% 

heat inactivated fetal bovine serum (FBS) (Invitrogen, Karlsruhe) and 100 IU/ml penicillin-streptomycin 

(Invitrogen, Karlsruhe). PBMCs from healthy volunteers were isolated by standard procedures using Ficoll 

gradient centrifugation to remove erythrocytes, granulocytes and most of the platelets. 

 

Oligodeoxynucleotides. The ssDNA library D1 (5’-GCCTGTTGTGAGCCTCCTAAC-N49-

CATGCTTATTCTTGTCTCCC-3’) comprised a randomized region of 49 nucleotides flanked by two 

constant regions allowing primer annealing and PCR amplification (primer sequences: 5 -́D1 5’-

GCCTGTTGTGAGCCTCCTAAC-3´ and 3 -́bio.D1 5 -́GGGAGACAAGAATAAGCATG-3´). We used 

unmodified as well as 5’-labelled primers in the PCR (5’-Primer: fluoresceine; 3’-Primer: biotin). All oli-

godeoxynucleotides were purchased by Metabion (Martinsried, Germany), HPLC-purified and lyophilized. 



 

Strand displacement. dsDNA generated by 1200 µl PCR using a biotinylated 3’-Primer (3´-bio.D1) was 

immobilized to 5 mg streptavidin coated magnetic beads (Dynabeads, Invitrogen, Karlsruhe) in B&W-

buffer (5 mM Tris-HCl pH 7.5, 0.5 mM EDTA, 1 M NaCl) by incubation for 30 minutes at room tempera-

ture in an head to tail shaker. After incubation the supernatant was removed and the beads were washed 

three times with B&W. The desired ssDNA was obtained by alkaline denaturation (0.15 M NaOH), fol-

lowed by neutralization with 0.1 M HCl. Fluorescent labelled ssDNA was obtained by using a Fluorescein 

labelled 5’-Primer during PCR amplification, followed by strand displacement. Yields of fluorescent la-

belled ssDNA were determined by agarose gel electrophoresis followed by quantification through fluores-

cence imaging (Fuji FLA3000).  

 

Monoclonal ssDNA sequences. ssDNA molecules obtained from the indicated selection cycles were 

PCR amplified using unmodified primers and cloned using the Topo TA cloning kit (Invitrogen, 

Karlsruhe). Sequencing of the resultant plasmids was done by 4base lab (Reutlingen, Germany). Mono-

clonal ssDNA molecules were obtained by PCR and single strand displacement according to the protocols 

above. 

 

Centrifugation SELEX. Prior selection the 32P-labelled ssDNA library D1 was used to determine the 

background binding of nucleic acids to Burkitt’s lymphoma cells under different conditions, whereas 

mainly the salmon-sperm DNA competitor concentration and the amount of washing and centrifugation 

steps was varied. The optimized centrifugation selection set up was determined to include 0.1 µg/µl BSA 

and 1 µg/µl salmon sperm DNA as competitors to minimize the background binding of the library to the 

cells. After pre-incubation for 30 min of 500 pmoles of the ssDNA library D1 with 1 x 106 Jurkat T-cells, 

and centrifugation, the supernatant was subsequently incubated with 1 x 106 Ramos B-cells in 1 ml of 

SELEX buffer (1 x HBSS, supplemented with 1.4 mM MgCl2) at 37°C for 30 min. Thereafter, non-

binding ssDNAs were separated by centrifugation (400 relative centrifugal force). Cells were washed 

with increasing amounts (1 ml in the first selection cycle to 3 ml in the 20th cycle) of SELEX buffer to 

remove non-binding ssDNAs. ssDNAs which were bound to the cells were eluted by heat denaturation for 

5 min at 95°C, purified by phenol/chloroform extraction followed by gel filtration (G25) and amplified by 

PCR. The input DNA for the next cycle was generated using strand displacement.  

 

Flow cytometry analysis. Binding of ssDNA from the indicated selection cycles was monitored by flow 

cytometry. The labelling of B-cells with an anti-CD19 antibody (APC labelled, Becton Dickinson, Hei-

delberg) was employed according to the manufacturer’s protocol adapted to the conditions of in vitro se-

lection using Burkitt’s lymphoma B-cells and B-cells from healthy volunteers. B-cells within the hetero-



genous cell population of PBMC were first identified by setting a gate on the lymphocyte population 

within the Forward Scatter vs. Side Scatter. Vital B-cells were more precisely defined by an additional 

analysis gate in a two parameter display CD19 versus calcein-AM, a live cell stain only converted by vital 

cells. Fluorochromes were chosen such that fluorescence could be excited and recorded individually on a 

three-laser FACSDiVa digital cellsorter (BD Biosciences, Heidelberg) to exclude spectral spillover. Exci-

tation and emission settings were as follows: 365 nm excitation and 440/40 band pass filter for calcein 

AM; 488 nm and 530/30 bandpass filter for fluorescein; and 647 nm and 660/20 band pass filter for anti-

CD19-APC. Data were analysed and presented using Flowjo software (Tree Star, USA). For the determi-

nation of dissociation constants increasing concentrations of the indicated aptamer were incubated with 

constant amounts of Burkitt’s lymphoma cells (200.000) in 200 µl SELEX buffer, supplemented with 

salmon sperm DNA (1 µg/µl) and BSA (0.1 µg/µl), at 37°C for 30 min. Data were analysed and presented 

using Flowjo software (Tree Star, USA). 

 

Interaction analysis using radioactive labelled DNA aptamers. The ssDNA aptamer C10 and the con-

trol sequences C11 and C10sc were 5´-end labelled with γ−32P-ATP using T4 PNK (Stratagene) and puri-

fied by gel filtration (G25, General Electric/Amersham). Traces of radioactively labelled ssDNA aptam-

ers were incubated with the indicated cells in 250 µl SELEX buffer (250.000 cells), supplemented with 

salmon sperm DNA (1 µg/µl) and BSA (0.1 µg/µl), at 37°C for 30 min. After incubation the cells were 

centrifuged, the supernatant was removed and the cells were washed once with SELEX buffer. The re-

maining bound DNA was subsequently quantified by scintillation counting. 

 



 

 

 

Supporting Figure 1: Binding of different Fluorescein-labelled ssDNA libraries [Fl.] to vital and dead 

Burkitt’s lymphoma cell populations. Images represent histograms of the fluorescence intensity distribution of 

cells incubated without [(a) and (b)] or with [(c)-(f)] Fluorescein-conjugated ssDNA libraries [DNA Fl.]. The 

cell population depicted in grey represent either dead [(b), (d) and (f)] or vital cells [(a), (c), and (e)]. The 

black line in all histograms indicates all analysed cells either dead or vital. (a) and (b) represent the auto-

fluorescent properties of Burkitt’s lymphoma cells. (c) and (d) illustrate the non-specific binding of the DNA 

library D1 to dead cells (d). No interaction with vital cells was detectable (c). (e) and (f) depict histograms 

similar to (c) and (d), albeit the DNA library B20 was subject to 20 selection cycles employing centrifugation 

as separation step. 



  

 
 

Supporting Figure 2: Enrichment of a vital Burkitt’s lymphoma cell-binding ssDNA population using con-

ventional and FACS SELEX. Images represent histograms of the fluorescence intensity distribution of cells 

incubated with Fluorescein-conjugated ssDNA libraries. (a) Overlay of the flow cytometric data demonstrate 

that the selected Fluorescein-labelled ssDNA library (DNA No. 45, grey line) shows enhanced binding to vital 

Burkitt’s lymphoma cell and (b) unspecifically to dead cells as does the ssDNA library D1 (ssDNA library, 

black line) shown in supplementary figure SF1(d). 

 



 

 

 
 

Supporting Figure 3: Interaction of radioactively labelled ssDNA aptamers with Burkitt’s lymphoma 

cells (grey bars) and acute T-cell leukemia cells (black bars). The bars represent the amount of radioactive 

labelled DNA aptamers bound to the indicated cells (500.000 cells per assay) after washing. Recording of 

data was done by scintillation counting. All assays were performed in duplicates.  

 
 



 

 
Supporting Figure 4: Interaction of the control sequence C10sc with Burkitt’s lymphoma cells and 

PBMC cells. Aptamer C10 specifically binds to vital Burkitt’s lymphoma cells. The figure corresponds to 

the data shown in figure 3a-e, including the control DNA C10sc. (a) Affinity of fluorescein-conjugated 

ssDNA was analysed by flow cytometry and revealed specific binding of C10 to vital CD19+ Burkitt’s 

lymphoma cells (grey integral) as compared to C11 (thin black line) and C10sc (thick black line). Vital 

Burkitt´s lymphoma cells were gated with APC-labelled anti-CD19 antibody. % of max: normalized per-

centage of cells that show a certain fluorescence intensity due to autofluorescence and bound fluorescence 

labelled DNA (b) B-cells within the heterogenous population of PBMC were first identified by setting a 

gate on the lymphocyte population within the Forward scatter versus Side scatter (grey ellipse). (c) Vital 



lymphocytes [i.e. the cells within the ellipse in (b)] were more precisely defined by an additional analysis 

gate in a two parameter display with anti-CD19 [APC] versus calcein-AM (grey circle). (d) Overlay of 

fluorescence intensity histograms reveal that C10 (grey integral) and C10sc (thick black line) bind simi-

larly to the vital B-cell population defined in (b) and (c), and slightly above the background defined by 

unstained control cells (thin black line). (e) Histograms of ungated cells, derived from all CD19+ cells, 

including dead ones. APC: Allophycocyanin. 

 


