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Abstract 
 

In this work, single-stranded DNA (ssDNA) aptamers against EGFR-transfected A549 cells, one type of 

non-small cell lung cancer (NSCLC) cells, were selected by cell-SELEX (systematic evolution of ligands by 

exponential enrichment) and were evaluated. The selected aptamers had high affinity to the A549 cells with 

dissociation constants in the nanomolar rang. Moreover, the aptamers were able to internalize into the cells, 

which is advantageous over most of the other existing aptamers. One of the selected aptamers showed 

significant cytotoxicity by inhibiting the cell proliferation and inducing cell apoptosis. These aptamers are 

expected to be new molecular probes for cancer cell targeting and drug delivery. 
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1.  Introduction 

 

 Lung cancer is a leading cause of 

mortality in many countries [1-3].
 
Among the two 

types of lung cancer, small cell lung cancer 

(SCLC) and non small cell lung cancer (NSCLC), 

NSCLC constitutes approximately 85% of total 

lung cancer with high resistance to antitumor 

drugs and low survival rate. One of the great 

challenges in NSCLC treatment, as well as the 

therapy of other cancers, is the lack of effective 

cancer biomarkers and targeted drugs [4, 5]. 

Several potential biomarkers have been 

identified, such as TP53, CEA, CA-125, and 

EGFR, but they still show low specificity and 

sensitivity in clinical practice [6]. Intensive 

efforts have been made to develop new molecular 
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probes to selectively recognize cancer cells but 

not healthy cells for targeted drug delivery.  

Aptamers, the short single-stranded 

oligonucleotides, are a new type of molecular 

probes selected through an in vitro method 

known as SELEX (systematic evolution of 

ligands by exponential enrichment) [7-9]. They 

hold a great potential in the study of molecular 

bases of cancer cells for cancer diagnosis and 

therapy. Being regarded as chemical antibodies, 

aptamers have the same function as antibodies in 

molecular recognition. With their three-

dimensional structures in solution and in cells, 

aptamers can bind specifically to their targets, 

ranging from small organic molecules to proteins 

and even whole cells. Aptamer selection by cell-

SELEX is suitable for the development molecular 

probes specifically bind to the complex surface of 

tumor cells with unknown molecular biomarkers. 

Aptamers also have many advantages over 

antibodies in repeatable synthesis, easy 

modification, long-term stability, less 

immunogenicity and so on. They are gaining 

wide applications in bioanalysis, biomedicine, 

and biotechnology [10-12].  

 Although a number of aptamers have been 

successfully selected against several cancer-

related proteins and some types of cancer cells 

[13-17], they are still at an early stage in cancer 

medicine. More aptamers for cancer biomarkers 

need to be selected and validated. On the other 

hand, among currently known aptamers, only a 

few, such as those against the prostate cancer 

cells and breast cancer cells, have been reported 

to be taken up by the cells without additional 

assistance [18-20]. Most aptamers cannot 

internalize into cells, limiting their capability as 

anti-cancer drug carrier for targeted therapy. In 

this work, we used the transfected A549 cells, 

one type of NSCLC cells which highly express 

EGFR, to select specific aptamers binding to lung 

cancer cells. The selected aptamers not only 

showed high affinity to the cells with nanomolar 

dissociation constants, but also were able to 

internalize into cells and had good stability in 

serum. One of the aptamers could significantly 

inhibit the proliferation of A549 cells after 

entering cells. They are promising molecular 

probes for cancer cell targeted therapy. 

2. Materials and methods 

 

2.1 Cell culture and buffers 

Two established cell lines were used in this 

experiment: the non-small cancer cell A549 cells 

which stably transfected with EGFR-GFP (named 

EGFR-A549) were used as the target cells, and 

the untransfected A549 cells were used as control 

cells for counter selection. Both cell lines were 

kindly provided by Professor Duanqing Pei from 

Institute of Biomedicine and Health, Chinese 

Academy of Sciences (Guangzhou, China). Both 

cell lines were cultured in DMEM culture 

medium supplemented with 10% fetal bovine 

serum (FBS, HyClone, America), 100 units/ml 

penicillin-streptomycin (Sigma-Aldrich, 

America) and routinely grown in a humidified 

incubator at 37°C with 5% CO2. 

As for buffers, the washing buffer was 

prepared by adding 4.5 g/l glucose and 5 mM 

MgCl2 into 1 liter of Dulbecco’s 

phosphatebuffered saline (Sigma-Aldrich, 

America). The binding buffer was prepared by 

adding 0.1 mg/ml yeast tRNA (Sigma-Aldrich, 

America) and 1 mg/ml BSA (Fisher, America) 

into the washing buffer. 

 

2.2 DNA library and primers  

The DNA library contained a central, 

continuous random sequence of 40 nucleotides 

flanked by 20-nucleotide constant PCR primer 

regions (5’-ACG CTC GGA TGC CAC TAC AG 

(40N) CTC ATG GAC GTG CTG GTG AC-3’). 

The following primers annealing to the library 

were used for PCR during the SELEX procedure: 

forward primer: 5’-Cy5- ACG CTC GGA TGC 

CAC TAC AG; reverse primer: 5’-Biotin-GTC 

ACCAGC ACG TCC ATG AG. The library and 

primers were chemically synthesized and HPLC 

purified by TaKaRa (Dalian, China).  

 

2.3 Cell-SELEX 

The 6 nmol DNA library was unfolded in 

500 l binding buffer at 95°C for 5 minutes and 

cooled on ice for 10 minutes, followed by 5 

minutes incubation at room temperature. Then the 

ssDNA pool was incubated with EGFR-A549 

cells in a 5cm diameter cell culture dish (Corning, 

America) for 90 minutes at 37°C with the 
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addition of 20% FBS. After incubation, cells 

were washed twice with the washing buffer and 

harvested using a cell scraper and then transferred 

into a 1.5ml tube for centrifugal washing for 3 

times. After that, DNA sequences bound to target 

cells were separated by heating at 95°C for 10 

minutes. The obtained DNA pool was then 

applied to A549 cells with the same binding 

condition. After incubation, the supernatant was 

gathered for PCR amplification. 

Separated DNA pool was amplified with 

Cy5- and biotin-labeled primers by two-step PCR 

(hot start at 95°C for 3 minutes, 1 cycle; 

denaturation at 94°C for 30 sec, annealing at 

59°C for 30 sec, extension at 72°C for 20 sec, 10-

18 cycles) [21].
 
In the first step PCR, 30 l DNA 

pool was used as template and then 5 l product 

was used as template in the second step PCR 

under the same conditions. The final PCR 

products were separated on 4% agarose gel. 

The double-stranded PCR products were 

separated for single strand by streptavidin-coated 

sepharose beads (Amersham Biosciences, 

America), washed with PBS and then denatured 

by 0.2M NaOH. The separated ssDNA solution 

was passed through a desalting Nap-5 column 

(GE Healthcare, America). The selected Cy5-

labeled ssDNA pool was collected and used for 

next-round selection and flow cytometric 

analysis. 

To acquire aptamers with high affinity and 

specificity, the selection pressure was enhanced 

gradually by decreasing the incubation time with 

the target cells (from 1.5 h to 0.5 h), increasing 

incubation time with the control cells (from 1h to 

1.5 h). After 23 rounds of selection, the enriched 

ssDNA pool was amplified using unmodified 

primers and cloned into Escherichia coli using 

the TA cloning kit (TaKaRa, China) before 

sequencing. 

 

2.4 Flow cytometry analysis 

To monitor the enrichment of the ssDNA 

pool and evaluate the binding affinities of 

selected aptamers, flow cytometry was used after 

different rounds for FITC- or Cy5- labeled 

ssDNA. Various concentrations of the aptamers 

were incubated with 3 x10
5
 cells in 200 l of 

binding buffer with 20% FBS at 37°C for 60 

minutes. A scramble DNA sequence (Rc: 5’- 

AATTTTTTAATTATTTATATTA-3’) was used 

as a control. Both cells of A549 and EGFR-A549 

were used. The mean florescence intensity of 10 

000 cells bound by different aptamers and 

scramble DNA sequence were obtained. For 

monitoring the enrichment of the DNA pool 

during the SELEX, the final concentration of the 

FITC- or Cy5-labeled ssDNA was 500 nM. For 

evaluating the binding affinity, the final 

concentration of the FITC- or Cy5-labeled 

aptamers was from 0 to 200 nM. The adherent 

cells from the dish were detached by 0.02% 

EDTA. The equilibrium dissociation constant 

(Kd) values were determined by the ligand 

binding analysis according to the equation: Y 

=BmaxX/ (Kd + X) [21, 22]. All the experiments 

were repeated for three times.  

 

2.5 Aptamer based ELISA 

Biotin-labeled aptamers were coated onto the 

strepavidin modified plates (Thermo, America) at 

room temperature for 2 hours. A549 cells were 

added with 200 l RIPA cell lyses buffer (50 

mM Tris，150 mM NaCl，1% NP-40，0.5% 

sodium deoxycholate ， 0.1% SDS, 2mM 

sodium pyrophosphate ， 25mM β-

glycerophosphate ， 1mM EDTA ， 1mM 

Na3VO4，and 0.5 g/ml leupeptin), and then 

gathered to a 1.5ml tube for centrifugation at 14 

000 rpm for 5 min. The supernatant was collected 

as the whole cell extract. The plate was then 

washed with PBS and incubated with whole cell 

extract protein from A549 cells at 37
 
°C for 2 

hours. After blocked with 2% BSA, the plates 

were incubated with nucleolin antibody (Santa 

Cruz Biotechnology, America) diluted as 1:1000 

according to the instructions. After this, plates 

were incubated with FITC-conjugated second 

antibody (diluted as 1:1000, Sigma-Aldrich, 

America), and then HRP-conjugated anti-FITC 

third antibody (diluted as 1:3000, LifeHolder, 

America). At last, solution was added with TMB 

to develop color and with H2SO4 to stop the 

reaction. Absorbance of the solution at 450 nm 
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was read with a 96-well plate reader (iMark 

microplate reader, Bio-RAD, USA) 

 

2.6 Cell viability assays 

A549 Cells were cultured in 96-well plates 

for 24 hours and then incubated with 10uM 

different aptamers or  Rc in DMEM culture 

medium containing 10% FBS for 48 hours at 37 

°C. Cytotoxicity was evaluated using a WST-8 

assay with a Cell Counting Kit-8 (CCK-8; 

DOJINDO, Kumamoto, Japan). The absorbance 

value at 450 nm was read with a 96-well plate 

reader (iMark microplate reader, Bio-RAD, 

USA).  

 

2.7 Confocal microscopy imaging 

A549 cells were grown to 60% confluence 

in a 5cm diameter dish (Corning, America). To 

evaluate the aptamers entering into A549 cells, 

the cells were incubated with 2 M FITC-labeled 

aptamers in DMEM with 10% FBS for 18 hours 

at 37°C, followed by washing twice with the 

washing buffer and observation under the 

confocal microscopy with 488 nm laser excitation 

(FV1000-IX81, Olympus, Japan).  

To evaluate the aptamer-induced apoptosis, 

the cells were incubated with 5 M selected 

aptamers in DMEM with 10% FBS for 48 hours 

at 37°C. Then, the cells were washed twice with 

PBS and incubated with Annexin V-FITC/PI 

apoptosis detection kit (KenGEN Biotech, China) 

according to the manufacturer.  At last, cells were 

observed by the confocal microscope with 488nm 

laser excitation for FITC and 559 nm laser  

excitation for PI. The fluorescence signals were 

collected by a 10x objective (NA 0.40, 

UPLASPO, Olympus). 

 

2.8 Western blot 

To evaluate the nucleolin expression level, 

EGFR-A549 and A549 cells were added with 

200l RIPA cell lyses buffer respectively, and 

then collected to two 1.5ml tubes for 

centrifugation at 14 000 rpm for 5 min. The 

supernatants were collected as the whole protein 

extracts for quantitation. The protein extracts 

were separated with 7.5% polyacrylamide gel. 

After transmembrane, the NC membranes were 

washed twice with TBST and incubated with 3% 

BSA for 1 hour at 37°C followed by C23 (1:200, 

nucleolin antibody, Abcam, USA) and secondary 

antibody （ 1:20000, Rockland, America ）

incubation. Total cell lysate was quantitated with 

anti –actin antibodies as an internal control. At 

last, the images were scanned by a two-color 

infrared laser imaging system (LI-COR, 

America).  

 

3. Result and discussion 

 

3.1 Selection of aptamers that bind to the lung 

cancer cells  

Since the over-expression and activation of 

EGFR is closely related to the staging of NSCLC 

and decreased chemotherapy/radiotherapy 

sensitivity [25], we intended to develop molecule 

probes targeting to high EGFR expression lung 

cancer cells. Therefore, EGFR-A549 cells, the 

NSCLC cells which stably expressing high-level 

EGFR, were used as the target cells to mimic the 

lethal lung cancer cells under physiological 

conditions. Original A549 cells were used as the 

control in the cell-SELEX.  

The cell-SELEX process was monitored by 

flow cytometry. After each round of selections, 

the binding of Cy5-labeled ssDNA pools with the 

cells was tested. As shown in Figure 1, with the 

increased numbers of selection cycles, the 

fluorescence intensity increased from 717.5 at 

cycle 1 to 1850.4 at cycle 23 for EGFR-A549 

cells while the population of the ssDNA above 

the background fluorescence intensity increased 

from 50.9% at cycle 1 to 96.7% at cycle 23 

(Figure 1A). This indicated the DNA sequences 

with higher binding affinity gradually dominated 

in the DNA pools during the SELEX. As no 

further increase of fluorescence intensity was 

found after cycle 23, the DNA pools at cycle 23 

were cloned and sequenced. 

We observed that the fluorescence intensity 

and population of ssDNA bound to the control 

A549 cells also increased with the selection 

cycles (Figure 1B); although the intensity 

increase was a little lower than the target EGFR-

A549 cells. This situation happened in several 

other reported cell-SELEX that the aptamer of the 

target cells can also bind to the control cells used 
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in counter selection [21, 25].  We expected that 

the targets of the DNA pool were expressed on 

the surfaces of these two cell lines, and additional 

expression of EGFR did not alter the target 

expression that much on A549. 

 
 

Table 1. Sequences of Selected Aptamers for A549 cells 

Aptamers Sequences 
a
 

R50 TAAAGGGCGGGGGGTGGGGTGGTTGGTAGTTGTTTTTTCTGTTTC 

R14 ATGCGAACAGGTGGGTGGGTTGGGTGGATTGTTCGGTTTCTTGA 

R13 TCTCTAGTTATTGAGTTTTCTTTTATGGGTGGGTGGGGGGTTTTT 

R9 CGGTGGGGGTGGGTAGGTAATCGATAGAGTACGGGGGGTTGGATT 

R6 GGTTGGTTGG GGTTGGGTTG TTTTTGGGGT GATATGGGGG TTGGA 

a
 the primer regions of aptamers are excluded  

 

A. 

 
B. 

 
Figure 1: Flow cytometry analysis of the binding of 

Cy5-labeled ssDNA pools to the lung cancer cells. A: 

EGFR-A549, B: A549 cells. Black curve: cells 

without any ssDNA; red curve: ssDNA pool from the 

1st cycle of selection; green curve: the 6th round 

ssDNA pool; blue curve: the 13th round ssDNA pool; 

purple curve: the 23th round ssDNA pool. Moving of 

the curves from left to right indicated the enrichment 

of ssDNA pool during the cell-SELEX.  

 

 

DNA sequences from 160 clones were 

obtained, grouped into six families based on the 

homology of random sequences. Many repeats 

were observed in each family. The highly 

repeated sequences as shown in Table 1 were 

chosen to test respectively their ability of binding 

to the cells by flow cytometry. 

We have further quantified the affinity of 

R50, R14, R13, R9, and R6 with different 

concentrations of the aptamers, as shown in the 

figure for the representative aptamer, R50 (Figure 

2). The dissociation constants of R50 to A549 

cells and EGFR-A549 cells were 55.4±30.6 nM 

and 6.4±11 nM respectively. Since the binding 

affinity of the aptamers to A549 cells was also 

quite high, and the EGFR-A549 cells displayed 

green fluorescence (EGFR was tagged with GFP) 

which was disadvantageous for its interference 

with dye-labeled aptamer imaging, we just used 

A549 cells as a representative lung cancer cell in 

our later studies. The dissociation constants of 

R14, R13, R9, and R6 to A549 cells were 

29.6±11.8 nM, 23.0±7.7 nM, 8.9±6.5 nM, and 

148.0±30.1nM respectively. Among them, four 

high affinity aptamers were studied in later 

experiments, including R50, R14, R13, and R9. 
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A 

 
B 

 
Figure 2: Affinity analysis of aptamer R50 to A549 

cells. R50 was labeled with Cy5 and incubated with 

EGFR-A549 cells or A549 cells (Num. =106) at 

concentrations of 0, 20, 40, 60, 80, 100 and 200nM.  

A: Binding affinity of Cy5-labeled R50 to A549 cells 

using flow cytometry; B: Binding affinity of Cy5-

labeled R50 to A549-EGFR using flow cytometry. 

The Kd value was 55.4±30.6 nM for A and 6.4±11 

nM for B.  

 

 Although the aptamers were selected from 

the cells highly expressing EGFR, we found that 

the target of the aptamers was not EGFR, as we 

did not observe the colocalization of the dye 

labeled aptamer and GFP tagged EGFR in the 

confocal images of the cells. It has been reported 

that the target of several G-rich aptamers might 

be nucleolin, a type of protein highly expressed in 

cancer cells [24]. Since the G base content is also 

high in our aptamers, we performed the aptamer 

based ELISA with the nucleolin antibody to 

check whether the aptamers bind to nucleolin or 

not. The results showed that for the plates 

modified with biotin labeled aptamers of R50, 

R14, R13, and R9, more nucleolin proteins were 

captured, thus nucleolin antibody showed higher 

intensities than those with the control sequence 

Rc modified plate or untreated plate (Figure 3). 

The binding of aptamer to nucleolin but not to 

EGFR was also confirmed with the dot blotting 

experiment (Supplementary Figure S1).This 

indicated that the aptamers had high affinity to 

nucleolin. The target validation for nucleolin 

needs further confirmation. 

 

 

 
 

 
Figure 3: Binding of the biotin-labeled aptamers with 

nucleolin. The plate was treated with different biotin 

labeled aptamers R50, R14, R13, R9, and control 

sequence Rc. The whole protein sample from A549 

cell lysates was added onto plate and then nucleolin 

antibody C23 was added. FITC-conjugated second 

antibody and HRP-conjugated anti-FITC third 

antibody were used to develop color. The above 

figure shows the color change in biotin-labeled 

aptamers coated plates and the figure below shows the 

corresponding absorbance. 

 

We have also tested the nucleolin expression 

level in EGFR-A549 cells and A549 cells by 

immunofluorescence. As it expected, both cells 

expressed nucleolin, with a higher nucleolin 

expression in EGFR-A549 cells (Supplementary 



 

Am. J. Biomed. Sci. 2013, 5(1), 47-58; doi: 10.5099/aj130100047    © 2013 by NWPII. All rights reserved.             53 

 

Figure S2). The use of EGFR-A549 cells 

facilitated the selection of necleolin-binding 

aptamers.  

 

3.2 Internalization of the selected aptamers 

into A549 cells  

A549 cells were imaged under the confocal 

microscope after incubation with four FITC- 

labeled aptamers for 18 hours.  After incubation, 

aptamers binding to cell surface were washed off. 

As shown in Figure 4, all the aptamers could 

enter the A549 cells, and gathered around the 

nucleus, some of them even located into nucleus. 

While for the control DNA sequence, it hardly 

internalized into cells. 

 

 

Figure 4: Internalization of the FITC-labeled aptamers into A549 cells after 18 hour incubation in cell culture. A-E: 

Overlay of the optical images and fluorescence images for A549 cells incubated with R50 (A), R14 (B), R13(C), R9 

(D) and Rc (E)  Scale bars, 10m. 

 

 

3.3 Induced apoptosis of A549 cells by the 

aptamers 

The cytotoxicity of the aptamers was 

evaluated using a WST-8 assay with a Cell 

Counting Kit-8 and Annexin V-FITC/PI 

apoptosis detection kit after 48 or 24 hours of 

incubation of A549 cells with the aptamers. 

When the apoptosis occurred, phosphatidylserine 

(PS) located normally inside the cell membrane 

was reversed to extracellular surface and its 

specific binding to Annexin-V-FITC resulted in 

the display of green fluorescence on cell 

membrane. The nuclei in the apoptotic cells 

would be stained by PI to show red fluorescence. 

It is interesting that A549 cells incubated with 5 

M aptamers R50 showed significant apoptosis, 

as they were stained with both green and red 

fluorescence clearly (Figure 5A). For R14, a few 

apoptotic cells were occasionally observed. 

However, apoptosis of A549 cells was not 

obvious with R13, R9, and control sequence. 

Apoptosis induced by R50 was much more 

obviously than other aptamers.  

When 10 M aptamers were used for the 

cell viability assays, it is found that cell 

proliferation was inhibited significantly for R50-

treated cells but not for the cells treated with 

other aptamers or control sequences (Figure5B). 

Although R14 exhibit a slight apoptosis in 

A B C 

D E 

A 

D E 
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confocal experiment, no obvious cytotoxicity was 

detected in the cell viability assays.  

 

4. Conclusions 

 

In this work, EGFR-A549 cells, the NSCLC 

cells which stably expressing high-level EGFR, 

were used as the target cells for aptamer 

selection. EGFR mediates growth signals and its 

abnormal expression is associated with human 

cancer. In our previous work using A549 cells as 

target, aptamers with different sequences (expect 

R14) which do not have G-rich properties were 

obtained [21]. This was the first time that several 

G-rich aptamers were selected from cell-SELEX.  

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

Figure 5: Cytotoxicity evaluation of the selected aptamers. A549 cells were incubated with 5 M aptamers in cell 

culture for 48 hours for apoptosis evaluation (A) and with 10M aptamers for 48 hours for viability assay (B). a-e: 

A549 cells added with R50, R14, R13, R9, and Rc. Scale bars, 10m. 

A 

a c 

B 

b 

e d 

R50 R14 R13 R9 Rc

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

c
e

ll 
v
ia

b
ili

ty

A549 cells groups



 

Am. J. Biomed. Sci. 2013, 5(1), 47-58; doi: 10.5099/aj130100047    © 2013 by NWPII. All rights reserved.             55 

 

It has been reported that the nucleolin could 

bind to some G-rich sequences. Nucleolin, which 

can undergo nuclear-cytoplasmic shuttling and be 

present on the cell surface, is involved in cell 

growth, transcriptional regulation [26-28]. This 

multifunctional protein could interact with EGFR 

[29]: binding of nuclear localization sequence of 

EGFR with the C-terminal 212 amino acids of 

nucleolin leads to receptor dimerization, 

activation and tumor growth [30]. The aptamers 

selected in this work all showed high binding 

ability to nucleolin, and their binding to EGFR-

A549 cells with a higher nucleolin expression is 

stronger that to A549 cells with a lower nucleolin 

expression. This indicated that the target of 

selected aptamers might be nucleolin.  

Besides high affinity to the NSCLC cells, the 

selected aptamers had shown their promising 

properties: all of them could internalize into cells, 

one of them could inhibit cell proliferation. For 

the aptamer with both specific cancer-cell affinity 

and cytotoxicity, it would be developed as drug 

for cancer therapy [26]. For the aptamers 

targeting to cancer cells, the ability of their 

internalization into cells would be beneficial for 

their application as the carriers for anti-cancer 

drugs and molecular imaging probes. Previous 

studies suggested that most aptamers could not be 

directly taken up by cells due to their negative 

charge and size, which limited their application in 

vivo [20, 31-32]. In addition, in this work, we 

conducted cell-SELEX at 37°C in 20% serum, 

where cells could be kept in a physiological state. 

The aptamers we selected could bind to surface 

of A549 cells and in turn internalize into cells 

during the selection. Moreover, as the unstable 

ssDNA in DNA pool might be digested by 

nuclease in serum during the selection process 

while stable sequences were left and enriched, we 

could incubate the cells with the aptamer that 

added in the normal serum-containing cell 

medium for a long time (18 hours).  The stability 

is also advantageous for the biomedical 

application of aptamers.  

Among the aptamers selected in our study, 

R9 had the highest cell affinity while R50 had the 

lowest. All these aptamers could enter A549 

cells. In the cytotoxicity study, R50 showed the 

highest ability in inducing cell apoptosis and 

inhibiting cell proliferation. There is no direct 

relationship between the binding, internalization 

and cytotoxicity of the aptamers.  

In summary, we have selected a series of 

aptamers for the lung cancer cells. These 

aptamers showed high affinity to A549 cells. 

They could internalize into A549 cells without 

external assistance and had good property of 

nuclease resistance. They are promising 

candidates for cancer drug or drug carrier. The 

study of using the aptamers as targeting reagents 

for cancer photodynamic therapy and as well as 

capture probes for cancer diagnosis are under 

way.  
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Supplementary information: 

 

                nucl1         nucl2        EGFR 

 

  

 

Figure S1: Dot blotting with the biotin-labeled 

aptamer R13 and the proteins (two nucleolin domains 

(nuc1: amino acids 323-710, nuc2: amino acids 1-100, 

and EGFR extracellular domain). The three proteins 

(nuc1, nuc2 and EGFR extracellular domain from 

Abcam, England) were diluted to the same 

concentration according to the instruction and pointed 

to NC membrane. Each pointed samples of proteins 

were 0.33 g. After dried for 1 hour at room 

temperature, the samples on the membrane were 

blocked with 2% BSA at 37 °C for 2 hours and 

incubated with the 5M biotin-labeled aptamers at 

37°C for 1 hour. Then, the membrane was washed 

with PBS and PBST and incubated with HRP-

R13 

Rc 
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strepavidin at 37 °C for 1 hour. At last, TMB was used 
to develop color. Images were obtained by using a 

digital camera. As indicated by the representative 

aptamer R13, the aptamer could bind to Nuc1 and 

Nuc2 but not EGFR; control sequence Rc could bind 

to none of proteins.   
 

 

 

 
Figure S2: Expression of nucleolin in EGFR-

A549 and A549 cells. The fluorescence intensities of 

A549 cells (1) and EGFR-A549 (2) cells were 

counted. The results indicated the expression of 

nucleolin was higher in EGFR-A549 than in A549 

cells.  
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