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Selection of a DNA aptamer profile of lung cancer cells.
Long Abstract: (150 words minimum, 400 words maximum)
With a high incidence and low survival rate lung cancer, which accounts for 29% of all cancer deaths, is a global scourge. Symptoms are often slow to develop. Thus most lung cancers are detected at a late stage, leading to a 5 year survival rate of just 16%. The overall objective of this study is to produce an aptamer fingerprint of lung squamous cell carcinoma (SCC) which can be used to develop tumor specific imaging probes and drug delivery molecules. An aptamer is a short DNA or RNA molecule whose specific sequence forms a unique secondary structure that binds a target with high affinity similar to an antibody. We are producing a panel of DNA aptamers that bind to several different lineages of SCC, but do not bind non-malignant lung epithelial cells. We predict within this distinctive aptamer fingerprint we will identify unique biomarkers of transformative events common in SCC progression. 
Protocol Text:
Cell-SELEX selection and synthesis of specific aptamers for cancer cells
Materials:
1. Target cell line to create aptamer against, here LC-1/sq, squamous cell carcinoma of the lung (RIKEN).
2. A negative cell line to select against, here HBE135 E6/E7, normal human bronchial epithelium (ECACC, the European Human Cell Bank and the Hybridoma Collection).
3. RPMI-1640 Medium (ATCC) supplemented with 10% heat-inactivated fetal bovine serum (FBS, GIBCO,  Bethesda, MD) and 100 units/mL penicillin-streptomycin (Cellgro, Herdon, VA).
4. Wash Buffer containing 4.5g/L glucose and 5mM MgCl2 in Dulbecco’s Phosphate Buffered Saline with MgCl2 and CaCl2 (Sigma, St. Louis, MO), store at 4ºC. 
5. Binding Buffer made of Wash Buffer supplemented with 0.1mg/mL yeast tRNA (Sigma) and 1mg/mL bovine serum albumin (Fisher, Pittsburgh, PA), store at 4ºC.
6. HPLC-purified library containing a central randomized sequence of 30-40 nucleotides flanked by two18-nt primer hybridization sites (5’-ATA CCA GCT TAT TCA ATT- 52-nt -AGA TAG TAA GTG CAA TCT-3’), store at -20ºC (see Note 1). 
7. Fluorescein isothiocyanate (FITC) labeled 5’ forward primer (5’-FITC-ATA CCA GCT TAT TCA ATT-3’) or a Tetramethyl-6-Carboxyrhodamine (TAMRA) labeled 5’ primer (5_-TAMRA-ATA CCA GCT TAT TCA ATT-3’), store at -20ºC under N2 (see Note 1). 
8. Triple-biotinylated (trB) 3’ reverse primer (5’-trB-AGA TTG CAC TTA CTA TCT 3’), store at -20ºC.
9. Sephadex G25, NAP 5 desalting column (GE Healthcare).
10. Streptavidin coated Sepharose beads (Amersham Pharmacia Biosciences, Piscataway, NJ).
11. Taq polymerase, dNTPs, and 10x PCR Buffer (Takara Bio. Inc.).
12. Electrophoresis grade agarose (Sigma).
13. Ethidium bromide, handle with gloves this is a potent carcinogen (Sigma). 
14. Gel running buffer, 10x Tris-Borate-EDTA (TBE) buffer (pH 8.3) (Fisher).
15. 1kB DNA ladder (Invitrogen).
16. 10X Loading dye made of 50% by volume Glycerol, 100mM Na2EDTA, pH 8.0, 1% SDS , 0.1% Bromophenol Blue, 0.1% Xylene Cyanol.
17. 1X Phosphate buffered saline, PBS (Fisher).
18. Fetal bovine serum, FBS (Sigma)
19. 5mL plastic syringe (BD Falcon).
20. Empty DNA synthesis column (IDT Technologies)
21. 200mM NaOH for denaturing strands.

Method:
1. For the first selection 5-15nmol ssDNA libary is dissolved in 30μL water and denatured by heating at 95°C for 5 min (allowing the ssDNA to take its most stable shape) and cooled on ice for 10 min. 
2. The ssDNA library is then dissolved 700μL binding buffer.
3. This ssDNA library is added to a 100mm dish of confluent cells (~6 million cells) that has been prewashed with washing buffer. The library is incubated for 1 hour at 4°C with gentle rocking (see Note 2).
4. The plate of cells is then washed three times with 1 min wash incubation time in 2 mL washing buffer (see Note 3). 
5. After washing, 500μL DNase free water is added to cells and they are scraped off the plate and collected in a 1.6mL tube. 
6. Bound DNA is eluted off the cells by heating the mixture at 95°C for 5 min. Cell debris is removed by spinning the cell mixture at 14,000g for 2 min. 
7. For the first round only, eluted ssDNA in the supernatant is collected and amplified by PCR with the FITC- and biotin-labeled primers for 8 cycles. Typical conditions are 30 s at 94 °C for denaturing, 30 s at 60 °C for annealing, and 30 s extension at 72 °C, followed by 5 min extension at 72 °C. 
8. To do PCR you first need to optimize the annealing temperature and number of cycles for the ssDNA selection pool. Prepare a 10µM stock solution for the primers (both primers in one solution) and a 1nM stock solution of the ssDNA pool. Prepare fresh every time. To your reaction tube add 1X PCR buffer, 80% buffer volume of dNTPs, 2.5µL primer (10µM), 2.5µL ssDNA pool (1nM), 0.15µL Taq polymerase, and DNase free H2O for a 50µL volume. You need to have one negative control for every condition you run. The negative control contains everything at the same concentrations and conditions as the sample, but no ssDNA pool. 
9. Optimize the number of cycles and annealing temperature separately by choosing ~6 different conditions of each, and running the PCR products on a 3% agarose gel to observe the bands. The annealing temperature and number of cycles that produces the brightest band with the least non-specific amplification for your initial ssDNA library should be chosen. 
10. For a small 3% agarose gel, good for separating ~40 base DNA, dissolve 1.35g agarose in 45mL TBE. Microwave the solution ~1min until it becomes clear, when the liquid is cool enough to hold in your gloved hand, pour it into the gel box form with the comb. Load the ladder (1.5µL DNA ladder, 2.0µL 10x loading dye, and 8.5µL H2O) and samples (5µL PCR product, 2.0µL loading dye, and 3µL H2O) into the wells. Run the gel for 30-40 min, until the dye front is at least halfway down the gel at 100mV. Be very careful not to electrocute yourself when running a gel. Image the gel under a well shielded UV light.  
11. Using the best conditions as seen by the gel, PCR amplify the entire enriched pool collected after your initial selection in a reaction that contains 80uL dNTPs, 50uL primer pool, ~500uL of your sample, 3.0uL Taq polymerase, and DNase water to 1000µL.  
12. You now have a dsDNA pool of aptamers with one strand labeled with biotin and the other with FITC. In order to separate the two you will use the streptavidin coated beads. Take your 5mL syringe and insert it into the top of the empty DNA synthesis column on the side without the filter. Add 200µL streptavidin coated bead solution into the syringe. The beads should coat the top of the filter inside the column. Remove the streptavidin bead solution by gently pressing the plunger. Wash the beads by adding 2.5mL 1X PBS to the syringe, using the plunger to gently push through the liquid. Load your PCR product onto the syringe and collect the flow-through. The dsDNA enriched pool (one strand with biotin and one strand with FITC) will stay bound to the beads. Pass the PCR sample through the beads three times to make sure you have bound your entire sample. Wash the beads with 2-2.5mL PBS to remove any forward FITC labeled primer trapped on the beads. Since we want the enriched pool of ssDNA labeled with FITC, we need to unzip the biotin labeled strand from the dsDNA. Do this by adding 500uL 200mM NaOH to melt the DNA. Don’t put to much pressure on the plunger, let it drip slowly, and collect your enriched FITC labeled ssDNA.
13. The ssDNA pool now needs to be desalted to remove the NaOH. Wash a NAP 5 desalting column with 15mL dH2O. When the column is empty add your ssDNA pool followed by 1mL dH2O. Your sample is in the flow-through. Wash the column with 20mL dH2O and reuse it next round.
14. Measure the absorbance at 260nm of your sample using a UV-Vis Spectrophotometer. From this, calculate the number of moles ssDNA in your sample, you need at least 100pmol for the next round. 
15. Dry the sample using a speed-vac on low heat and resuspend the ssDNA in binding buffer to a concentration of 500nM. 
16. For subsequent rounds of selection add 100pmol of ssDNA to the cells. Stringency of selection is gradually increased with each round. For example the number of cells for selection is decreased (from 6 x 106 to 1 x 106 over several rounds); the number and amount of washing buffer used for each wash is increased (from 3x with 2mL washes to 5x with 5mL washing buffer); the time is decreased from 1hr to 30 min; up to 10% FBS is added to the BB; and a counterselection step is introduced. 
17. Thus, the second round is very similar to the first round: 100pmol of the enriched pool created in round-one is added to 6 million target cells and incubated for 1hr at 4°C. The cells are then washed three times with 1 min incubation time in 2 mL, collected in water and boiled.
18. Perform PCR on a portion of the enriched pool as described above, this time only optimizing the number of PCR cycles. 
19. Separate and collect the sense FITC labeled ssDNA using the streptavidin beads as described above.
20. Again, determine the concentration of DNA in your sample by measuring the absorbance at 260nm. Dry the sample with the speed-vac and reconstitute in 250nM (see Note 4).
21. After 5-6 rounds of selection a negative selection step is introduced. Here the pool from the previous round is incubated with a negative cell line first for 1 hour at 4°C. The supernatant is then collected and applied to the positive cell line for selection.
22. After 10-20 rounds of selection or when the observed shift of the selected pool bound to cells seen with flow cytometry is both large enough as well as stable, the selected ssDNA pool is PCR-amplified using 454 fusion primers and sequenced on a 454 sequencer.
23. The sequences are compared using several programs such as MAFFT alignment software to find families of aptamer sequences.
24.  You should now have at least on good aptamer which specifically recognizes and binds to your target cells (see Note 5).

Notes:
1. To minimize the possibility of nonspecific amplification of random library sequences in PCR, the primers and library sequences need to be carefully optimized. In particular the ssDNA pool cannot be too stable as it must easily denature at 95oC. Furthermore the 5’ end of the pool DNA should not be G as it can quench the fluorescence of the fluorophore. The primers should be between 18 and 20nts long, and designed not to form self-dimers or heterodimers. Furthermore, the primers must anneal to the library at a temperature between 55-60oC. To obtain such an annealing temperature, the primer must have a GC content of 50% or more. Since PCR machines have one annealing temperature, both primers must have the same annealing temperature (±1oC). These design parameters can be easily optimized using free oligonucleotide prediction software such as Oligoanalyzer, Integrated DNA Technologies.

2. The cells used for selection should be healthy, with >95% cells alive. Dead cells non-specifically allow ssDNA from the pool into their membranes affecting the efficiency of the selection. You should also plan on a full eight-hour day for one person to complete each round of selection.

3. For this selection a suspension cell line is used as the target cell line. However, if an adherent cell line is desired then the ssDNA pool can be incubated with a monolayer of the target cells in a T25 flask. After washing, the adhesive cells are gently scraped off on ice with a rubber policeman into a vial and the eluted DNA is collected. Alternatively a non-enzymatic cell disassociation solution can be used to disassociate a monolayer of cells. Counterselection is done by simply incubating the DNA from the target cells onto a monolayer of the negative cell line in a 60-cm2 dish for one hour, followed by a collection of the unbound supernatant and proceeding with PCR amplification as above.
	
4. If not enough PCR product is made i.e. <100pmol, re-PCR the product of that round of selection until the required amount is made. PCR is the most important part of the selection process, care must be taken to ensure the DNA product as seen in the agarose gels is not smeared or truncated.

5. In our lab’s experience, if all goes well, a complete selection from the first round until an aptamer is ready for screening takes 4-6 months.  
 
Acknowledgments:  NIH, NSF.
Disclosures: I have nothing to disclose.  
Table of specific reagents and equipment:
	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Dulbecco’s Phosphate Buffered Saline with MgCl2 and CaCl2
	Sigma
	D8602
	

	Glucose
	Sigma
	G8270
	

	Magnesium Chloride
	Acros
	41341
	

	Yeast tRNA
	Fluka
	82852
	

	Bovine Serum Albumin
	Sigma
	BP400
	

	Sephadex G25, NAP 5 desalting column
	GE Healthcare
	17-0852-02
	

	Streptavidin coated sepharose beads
	Amersham
	17-5113-01
	
	
	
	
	

	PCR reagents (Taq, 10x buffer, dNTPs)
	Takara
	TAK R007A
	
	
	
	
	

	Ethidium Bromide
	Fisher
	BP1302-10
	
	
	
	
	

	Electrophoresis Grade Agarose
	Fisher
	BP-1356-500
	
	
	
	
	

	Fetal Bovine Serum
	Invitrogen
	16000-036
	
	
	
	
	

	10x Tris-Borate-EDTA (TBE) buffer
	Fisher
	BP2470
	
	
	
	
	

	6x Loading Dye
	Promega
	G190A
	
	
	
	
	

	25 base pair ladder
	Promega
	G451A
	
	
	
	
	

	5mL plastic syringe
	BD Falcon
	3096512
	
	
	
	
	

	Empty DNA synthesis column
	Glen Research
	G40212401
	
	
	
	
	

	Cell culture facility with hood and incubators
	
	
	
	
	
	
	

	Flow Cytometer
	
	
	
	
	
	
	

	Vacuum Dryer
	
	
	
	
	
	
	

	Electrophoresis Equipment
	
	
	
	
	
	
	

	PCR machine
	
	
	
	
	
	
	

	Centrifuge
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Representative Results: – What happens when the protocol is done correctly?  What is the purity of your nucleic acid sample?  After performing a cell culture prep, how will the cells look in optimal conditions? What do your labeled cells look like when imaged in vivo using 2-photon laser microscopy? Please add a [image: ]“representative” outcome to the protocol to show a viewer what a “good” or even “bad” result looks like. [image: ]
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Tables and Figures:  Please make sure that text in all tables or figures is made in Arial font.  Figures should be submitted separately as layered .tiff or .psd files at 300 dpi.   All tables and figures should be given an appropriate title and should have a corresponding figure legend.  
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Figure 4. Sample Aptamer Familis.
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