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29 Abstract:

30 The presence of cancer cells in body fluids confirms the occurrence of metastasis

31 and  guides  treatment.  A  simple,  fast,  and  homogeneous  fluorescent  method  was

32 developed  to  detect  cancer  cells  based  on  catalytic  hairpin  assembly  (CHA) and

33 bifunctional aptamers. The bifunctional aptamer had a recognition domain for binding

34 to target cancer cells and an initiator domain for triggering the CHA reaction. In the

35 presence of target cells, the bifunctional aptamer was released from the inhibitor   and

36 initiated a cascade reaction of assembly and disassembly of the hairpins. Separation of

37 the fluorophores from the quenchers produced fluorescence signals. The proposed

38 strategy showed high specificity for discriminating normal cells and leukocytes,    and

39 the  detection  limit  was  10  cells/mL,  which  was  lower  than  that  of  previous

40 aptasensors. This assay was further tested using four kinds of clinical samples   spiked

41 with  target  cells  to  confirm  its  applicability.  We  developed  a  simple,  rapid,  and

42 cost-effective method for the detection of cancer cells that did not require purification,

43 and the approach holds great potential for bioanalysis and early diagnosis.

44 Keywords:	cancer   cells,   catalytic   hairpin   assembly,   bifunctional    aptamer,

45 fluorescent biosensor, homogeneous detection.

46

47

48

49

50

 (
51
) (
52
) (
2
)

53 1. Introduction

54 Cancer cells spread into body fluids in the process of invasion and metastasis   of

55 malignant tumors [1]. Measuring the specific cellular levels in body fluids provides

56 clinicians with information to determine the onset of a specific disease or predict   the

57 patient’s  response to  a specific treatment.  In  addition,  screening patients  before the

58 onset  of  symptoms  to  find  early signs  of  cancer  would  dramatically increase  the

59 chance of being cured [2, 3]. However, traditional analytic techniques, such as flow

60 cytometry [4], immunohistochemistry [5], and the polymerase chain reaction (PCR) [6]

61 do  not  meet  the requirement  for point-of-care (POC) diagnostics  because they   are

62 often associated with a high cost and require advanced equipment, prolonged periods,

63 and  tedious  experimental  protocols  [7].  Considering  the  unique  characteristics of

64 cancer  cells,  such  as  low  abundance  in  biological  samples,  short  half-life,    and

65 heterogeneity [8, 9], the development of a rapid, convenient, sensitive, and affordable

66 diagnostic tool to detect cancer cells is in great demand.

67 Catalytic	hairpin	assembly   (CHA),	which	was	developed	from	DNA

68 nanotechnology, is programmed with DNA self-assembly and disassembly  reactions.

69 Hundred-fold  catalytic  amplification  can  be  achieved  by  CHA  reactions. Several

70 CHA-based biosensors have been developed. CHA is powerful for amplifying and

71 transducing signals at the terminus of nucleic acid amplification reactions [10-12].

72 This  overcomes  the  limitations  of  enzymatic  amplification  and  the  utilization  of

73 materials, such as complex operations, specific reaction conditions, and  reaction-time

74 dependent  enzymatic  activity.  However,  most  of  these  methods  are  confined    to
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75 nucleic  acid  detection  for  the  innate  character  of  CHA  is  nucleic  acid      strand

76 displacement.   Aptamers   are   a   class   of   single   strand,   short,   DNA   or   RNA

77 oligonucleotides (15–100 nt) that are capable of binding to their targets with high

78 affinity and selectivity with a unique three-dimensional interaction [13-15].    Because

79 of their small size and unique oligonucleotide properties, aptamers are a powerful tool

80 for the development  of highly sensitive and  homogeneous  methods  compared  with

81 conventional   antibody-based   immunoassays   [16,   17].   Moreover,   aptamers  can

82 overcome the limitations of many homogeneous binding assays that focus on   nucleic

83 acid detection by broadening the scope of detection of variable targets, such as   metal

84 ions [18], proteins [19-21], bacteria [22, 23], exosomes [24-26] and even cancer  cells

85 [27-29].  Hence,  aptamers  are  a  promising  alternative  to  transform  cancer      cell

86 detection into nucleic acid reactions.

87 Typical   biosensors   based   on   catalytic   hairpin   assembly   mainly    include

88 colorimetric, electrochemical, chemiluminescent and fluorescent sensors [30].    They

89 did  solve  some  related  problems  for  biomarkers  detection.  But  the   colorimetric

90 method needs more time and is vulnerability to    experimental environment influence

91 [31]. The electrochemical sensors are unsatisfactory for relative unstable in   practical

92 application   [32].   And   chemiluminescent   sensing   platforms   have    complicated

93 pretreatment process and high cost [33]. Whereas, fluorescent biosensors may be   the

94 most attractive and widely used technique for the detection of cancer cells because  of

95 their  high  sensitivity,  cost-effectiveness,  relative  simplification,  in  situ monitoring

96 capabilities, and ability for multiple detection [34, 35]. And some biosensors are


97 developed based on aptamers and CHA [36-38], but few of them can determine cancer

98 cell. In previous work [39], cytosensor based on aptamer-replacement and DCHA has

99 been	developed.	But	it	needs	complicated	pretreatment	procedure	and	is

100 environmental  instability.  And  we  may  design  the  hairpins’  sequences  to    form

101 G-quadruplet/hemin or adopt some nucleic acid dyes such as aggregation-induced

102 emission fluorogen to further improve the convenience of cancer cells detection.   But

103 these label-free methods often with high background signals and highly controlled

104 reaction conditions [40-42].

105 Herein, a sensitive, fast, and homogeneous fluorescence strategy was   developed

106 for the detection of cancer cells by coupling a cell-specific aptamer with CHA. As

107 proof of concept, the present study demonstrated the detection of A549 cells with  the

108 aptamer S2.2 reported and specificity validated targeting the transmembrane    protein

109 mucin-1  (MUC-1)  expressing  cancer  cells  by  Ferreira  et  al  [43].  To   take     full

110 advantage of aptamer technology, the aptamer was transformed into a bifunctional

111 aptamer by extending the specific sequence. The bifunctional aptamer contained a

112 cell-specific domain and an initiator domain designed for initiating the CHA reaction.

113 The  bifunctional  aptamer  was  not  only  able  to  bind  to  the  target  cells,  but also

114 triggered  the  cascading  amplification  reaction.  To  improve  the  specificity  of  the

115 strategy, the initiator domain was blocked with an inhibitor. In the presence of the

116 target  cell,  the initiator domain  was  exposed  for the binding reaction  between   the

117 aptamer and target cells. Then, the bifunctional aptamer triggered the    CHA reaction,

118 opening hairpins  and  producing fluorescence  signals  exponentially.  Simplicity and
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119 sensitivity  are  two  goals  for  analytical  scientists.  The  strategy  developed  herein

120 achieved homogenous detection of cancer cells while avoiding complicated sample

121 separation	and	multi-step	washing.	The	assay	showed	excellent	analytical

122 performance  for  cancer  cell  detection  and  reveals  great  potential  to  adopt  DNA

123 nanotechnology for cancer cell detection.

124

125 2. Experimental section

126 2.1. Materials and reagents

127 DEPC-treated water was purchased  from  Sangon  Inc. (Shanghai, China).     All

128 oligonucleotides were synthesized and purified by Sangon Inc. (Shanghai, China) and

129 the base sequences are listed in Table S-1. RPMI 1640 medium, fetal bovine serum,

130 phosphate-buffered  saline  (PBS),  trypsin,  and  penicillin-streptomycin  were    from

131 Thermo Fisher Scientific Inc. (Shanghai, China). All chemicals were purchased  from

132 Sigma-Aldrich Inc. (St. Louis, MO, USA). TE buffer was obtained from Biosharp

133 (Anhui, China). TNaK buffer as the hybridization buffer contained 20 mM   Tris-HCl,

134 125 mM NaCl, and 20 mM KCl (pH 7.5). The binding buffer for the aptamer and

135 target cells contained 10 mM Tris-HCl, 500 mM NaCl, and 1 mM MgCl2  (pH 7.5).

136 The red blood cell lysis buffer contained 1.5 M NH4Cl, 100 mM KHCO3, and 1   mM

137	EDTANa2  (pH 7.2–7.4).

138

139 2.2. Cell culture and preparation

140 Human  non-small  cell  lung cancer  A549  cells  were  used  as  the  target cells,

141 whereas human bronchial epithelial 16HBE cells and leukocytes were used as  control
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142 cells. A549 and 16HBE cells were obtained from the Cell Bank of Type Culture

143 Collection of Chinese Academy of Sciences (Shanghai, China). Cells were cultured in

144 RPMI	1640	medium	containing	10%	fetal	bovine	serum	and	1%

145 penicillin-streptomycin at 37°C in an atmosphere of 5% CO2.  Cells in logarithmic

146 growth phrase were separated from the medium by centrifugation at 1000 rpm for 3

147 min, and then incubated in sterile PBS to obtain a homogeneous cell suspension.   The

148 number of the cells was determined using a Neubauer hemocytometer.

149

150 2.3. Specific recognition and the binding process of aptamer and target cells

151 First, 1 µ M aptamer and 2 µ M inhibitor were incubated at 95°C  for 5 min   and

152 then	cooled	slowly	to	room	temperature.	Then,	10	µ L  of	the	resulting

153 aptamer-inhibitor complex and the abovementioned cell suspension were mixed in

154 binding buffer to 1 mL. The mixture was reacted in the hybridization oven (Scientz

155 LF-III, China). After reacting at 37°C for 1 h, the solution was centrifuged at 1000

156 rpm for 15 min to obtain the cell-aptamer sediment.

157

158 2.4. Catalytic hairpin assembly

159 Hairpin  probe 1  (H1)  and  hairpin  probe 2  (H2) were designed  based  on   the

160 principle of the enzyme-free strand-displacement nucleic acid circuit system [44].  All

161 DNA oligonucleotides were denatured at 95°C for 5 min and cooled 5°C  per   minute

162 to room temperature. The probes were stored at -20°C  for further use.

163 The CHA amplification system consisted of hairpin probes (H1/H1-F and H2),

164 the  bifunctional  aptamer  on  the  surface  of  cells,  and  TNaK  buffer.   First,      the
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165 aforementioned  cell-aptamer  sediment  was  suspended  in  15  µ L  PBS.  Then,  the

166 cell-aptamer suspension was mixed with 500 nM H1/H1-F and H2 in TNaK buffer  to

167 20  µ L.  Finally,  the  reaction  was  performed  using  the  PCR  system   (Eppendorf,

168 Germany) with a temperature model at 37°C for 45 min.

169

170 2.5. Fluorescence measurement

171 The amplification products (20 µ L) were diluted to a final volume of 60 µL with

172 DEPC-treated water. Fluorescence measurements were carried out on a Luminescence

173 Spectrometer  equipped  with  a  xenon  lamp  excitation  source  (PerkinElmer LS-55,

174 USA). The excitation wavelength was 488 nm, and the spectra were recorded from

175 510 to 650 nm. The fluorescence intensity at 515 nm was chosen as the optimal

176 experimental condition for data analysis.

177

178 2.6. Gel electrophoresis

179 Products of the CHA reaction were analyzed by 12% native polyacrylamide   gel

180 electrophoresis (PAGE) in 0.5× TBE buffer (45 mM Tris-boric acid, 1 mM EDTA, pH

181 8.0) with a 150 V constant voltage at room temperature for 30 min. The gels were

182 stained by 4S Red Plus for 30 min and analyzed using UVItec Platinum Gel   Imaging

183 system (Cambridge, UK).

184

185

186 3. Results and discussion

187 3.1. Principle of the CHA-based fluorescence aptasensor

188 The principle of the CHA-based  fluorescence  aptasensor for the     detection  of
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189 A549 cells is depicted in Scheme 1. The strategy includes the cell recognition stage

190 with  the  target-specific  aptamer,  the  cascading  amplification  stage  of  the    CHA

191 reaction, and signal collection of fluorescence. The bifunctional aptamer played an

192 important role in the integration of target cell recognition and signal amplification.

193 Initially,  the  aptamer  was  partly  blocked  with  an  inhibitor  to  avoid  non-specific

194 amplification. In the presence of target cells, the yellow domain of the bifunctional

195 aptamer bound to the cells, which displaced the inhibitor. Then, the exposed pink

196 domain of the aptamer triggered the allosteric transition of H1, resulting in the release

197 of the fluorophore from the quencher group labeled on H1. The exposed toehold of

198 H1 assembled with H2, opening the H2. H2 displaced the aptamer from H1 to form

199 the  H1-H2  complex.  Thus,  the  aptamer  circularly  triggered  the  assembly       and

200 disassembly reaction. Concurrently, the fluorescence intensity of the reaction solution

201 increased exponentially with time during the process.

202

203	Scheme 1.
204

205

206 3.2. Feasibility of the CHA-based fluorescence aptasensor

207 Based on the principle of the strategy, we designed the DNA sequences used in

208 this work, and the structures of H1 and H2 are shown in Fig. S-1. The parameters of

209 the hairpins were calculated by Oligo Analyzer  3.1 (Integrated    DNA Technologies,

210 Skokie, USA). The parameters were ∆G (Gibbs free energy), ∆H    (enthalpy change),

211 and  ∆S  (entropy  change).  ∆H  indicated  whether  the  reaction  was  exothermic  or
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212 endothermic. When the values of the parameters were lower, the stem-loop   structure

213 designed was more stable and rarely showed other secondary structures.    These were

214 also  useful  for  the  CHA  cycle,  as  they  decreased  the  generation  of  background

215 signals.

216 The feasibility of the CHA reaction was first investigated. The products and   the

217 sequences of the CHA reaction were characterized by 12% PAGE. As shown in Fig.

218 1A, lane 1 and lane 2 with H1 or H2 showed one band. The mixture of H1 and H2 did

219 not cause a self-hybridization reaction, as shown by the two independent bands in lane

220 3. As expected, a band above H1 and H2    was newly generated in the presence of the

221 trigger named T in lane 4 to lane 7. Higher amounts of trigger resulted in a brighter

222 new band. We further verified that the CHA could successfully produce   fluorescence

223 signal  with  the  fluorophore  labeled  H1  named  H1F.   The  fluorescence      spectra

224 corresponding to the products of CHA are depicted in Fig. 1B. The mixture of H1F

225 and H2 showed similar fluorescence to that of H1F. The fluorescence intensity of   the

226 assay increased significantly with the increasing of T from 1 nM to 100 nM. The

227 results were in good agreement with the PAGE results, further demonstrating the high

228 efficiency of CHA with pure hairpin DNA strands.
229
230	Fig. 1.

231

232 The efficacy of the aptasensor was monitored by detecting fluorescence   signals.

233 Fig. 2 shows the fluorescent spectra of CHA reaction solutions for cancer cell analysis

234 under different conditions.    In the presence of A549 cells, a strong fluorescence peak
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235 appeared  at  515  nm.  Different  concentrations  of  A549  cells  produced    different

236 fluorescence signals (Fig. 2; black, purple, and red curves). In the control experiment,

237 a  weak  fluorescence  peak  was  observed.  The  inset  shows  the  kinetic monitoring

238 conversion  of  different  concentrations  of  A549  cells.  The  fluorescence   intensity

239 gradually  increased  with  time,  and  different  concentrations  of  A549  cells  led  to

240 differential responses. The results indicated that the bifunctional aptamer   recognized

241 A549 cells and further triggered the CHA reaction. The results also indicated that  the

242 CHA-based  fluorescence  aptasensor  can  be  used  for  the  quantitative  detection of

243 cancer cells.

244 Fig. 2.

245

246

247 3.3. Optimization of experimental conditions

248 To achieve optimal analytical performance, the incubating time and the   reaction

249 temperature  were  investigated.  The  CHA  products  increased  with  time  during  a

250 certain period. The substrates were limited and the quantity of CHA products   tended

251 to remain stable after the growth phase. The fluorescence of the reaction solution with

252 or  without  A549  cells  was  measured  every  15  min  for  75  min  (Fig.  S-2).   The

253 fluorescence intensity increased with time and reached a maximum at 45 min in the

254 presence of A549 cells, indicating that the signal produced by target cells remained

255 stable after 45 min. In the control experiment, the fluorescence signal did not increase

256 markedly,   demonstrating   that   the   hairpins   performed   well   for   CHA   without

257 nonspecific products. Thus, 45 minutes was chosen as the optimal incubating time.
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258 The effect of the CHA reaction temperature on the signal to noise ratio was

259 investigated in Fig. S-3. The reaction temperature was also examined from 4°C to

260 55°C,  and  the  maximum  signal  to  noise  ratio  was  achieved  at  37°C.  Under low

261 temperature  conditions,  the  hairpin  probes  have  lower  free  energy  and   collision

262 probability.  Thus,  a  few  hairpin  probes  were  transformed  and  formed      H1-H2

263 complexes with insufficient energy. With the increase of temperature, the collision

264 probability  increased.  At  high  temperatures,  the  hairpins  were  prone  to  multiple

265 secondary structures, leading a large number of nonspecific products. Hence, 37°C

266 was selected for subsequent experiments.

267

268 3.4. Analytical performance

269 The detection performance of the proposed aptasensor was tested under   optimal

270 experimental conditions. Firstly, varying concentrations of A549 cells were added   to

271 the reaction system to confirm the dynamic range and sensitivity of the strategy. As

272 shown in Fig. 3A, a gradual increase in fluorescence intensity was observed with   the

273 increase of A549 cells in the range of 0–105 cells per milliliter, indicating that more

274 aptamers  were  free  from  the  inhibitors  for  the  specific  combination  between the

275 aptamer and target cells, and capable of a higher catalytic performance. The plot of

276 fluorescence intensity versus A549 cell concentration indicated that the   fluorescence

277 signal synchronously increased with increasing concentrations of A549 cells (Fig. 3B).

278 As shown in the inset in Fig. 3B, the increase in fluorescence intensity of A549   cells

279 was proportional to their concentrations within the range of 10–103 cells/mL; the

280 linear regression equation was F=74.47 + 7.399log10C with a correlation coefficient of
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281 0.9791, where F was the fluorescence intensity and C was the concentration of   A549

282 cells. The detection limit of this method was calculated as 10 cells/mL based on the

283 average signal of the blanks plus three times the standard deviation. And A549 cell  at

284 100  cells/mL have been  determined  using the aptasensor for five  consecutive   days

285 (Fig. S-4). And the relative standard deviations (RSD) of the signals was 1.46%.

286

287
288	Fig. 3.
289

290 The sensitivity of the CHA-based  fluorescence aptasensor was compared     with

291 that of other aptasensors for the detection of cancer cells (Table S-2). The detection

292 limit of the proposed method was 99 times lower than that of previous methods,

293 demonstrating that the CHA-based fluorescence aptasensor was highly sensitive,  less

294 laborious, and had the potential to be applied for the quantification of cancer cells.

295 This could be attributed the high signal amplification efficiency of the CHA  reaction.

296 The aptamer/target binding affinity also plays an important role in decreasing the

297 detection  limit  expect  the  method  characteristic,  signal  amplification  and optimal

298 experimental  conditions.  In  order  to  improve  the  sensitivity  of  aptasensor,  more

299 efforts are needed to select the high affinity aptamer for biomarkers.

300 The capacity to distinguish cancer cells from normal cells and white blood   cells

301 is particularly important to gain a better understanding of cancer tissues and free

302 cancer  cells  in  fluids.  To  investigate  the  detection  specificity  of  our  strategy, the

303 human bronchial epithelial cell line 16 HBE and leukocytes were selected as    control
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304 cells. As shown in Fig. 4, the fluorescence signal clearly appeared for A549 cells (105

305 cells/mL), whereas negligible changes were observed with the addition of   equivalent

306 concentrations  of control  cells  in  comparison  with  the blank.  The aptasensor  was

307 further evaluated in a mixture of samples (AE and AW) of A549 cells and control cells

308 at a ratio of 1:1. The mixed samples showed similar fluorescence intensities as that

309 generated by A549 cells. This indicated that the CHA-based fluorescence   aptasensor

310 could efficiently distinguish A549 cells from normal cells and interference cells   with

311 excellent selectivity through the aptamer binding capability and specificity.

312
313	Fig. 4.
314

315

316 3.5. Analysis of clinical samples spiked with cancer cells

317 To further evaluate the performance of the strategy, four types of human   clinical

318 samples  including  urine,  CSF,   hydrothrax  and  serum  were  processed  to     detect

319 different numbers of cancer cells. These samples were first obtained by adding   A549

320 cells. Then, the samples were prepared using the same method as that used for the cell

321 suspension in PBS buffer. As shown in Fig. 5, the fluorescence intensity of samples

322 with cancer cells was similar to that of PBS with the same number of A549 cells  with

323 various  amounts  of  cancer  cells.  This  indicated  that  the  method  functioned     as

324 expected even in complex real samples and exhibited great potential for practical

325 application.

326

327 3.6. Universality
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328 Various aptamers have been designed for the specific recognition of cancer  cells,

329 and one cancer cell may have several aptamers for different recognition sites. To

330 determine the applicability of the proposed method, we designed another set of   CHA

331 substrate  hairpins,  namely the  bifunctional  aptamer  AS1411  targeting nucleolin  of

332 cancer cells, and used different labeling groups (Cy5 and BHQ2) for signal collection.

333 As shown in Fig. S-5, in the absence of A549 cells, almost no signal was detected,

334 whereas the fluorescence    increased significantly in the presence of A549 cells. With

335 different systems based on the proposed method, cancer cells can be distinguished and

336 the method can be applied to other cancer cells with selected aptamers.

337
338	Fig. 5.
339

340

341 4. Conclusions

342 In  summary,   a  simple,   rapid,  and  homogeneous  CHA-based     fluorescence

343 aptasensor was designed for the detection of cancer cells. The developed method takes

344 full advantage of aptamer and CHA reactions and was characterized by simplicity,

345 rapid responses, and improved efficiency in single phase solutions.    The bifunctional

346 aptamer not only showed satisfactory selectivity against interference cells, but also

347 mediated  CHA  signal  amplification  to  obtain  a  high  detection  sensitivity  with  a

348 detection limit of 10 cells/mL. This strategy was successfully applied to the  detection

349 of cancer cells in four kinds of clinical samples including urine, CSF, hydrothrax   and

350 serum. Furthermore, the method was universally applicable and could be expanded
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351 for the analysis of other cells with available affinity ligands. Therefore, the assay  can

352 be applied for the detection of other biomarkers with the corresponding aptamers,

353 such  as  exosomes,  bacteria,  and  metal  ions   among  others.  The  aptasensor       is

354 potentially  useful  for  cancer  cell  analysis  in  different  clinical  samples  for   early

355 prevention and treatment. The proposed biosensor also offers a new platform for the

356 determination of circulating tumor cells during patient follow-up. The introduction  of

357 nanomaterials  to  the  aptasensor  can  be  the  next  research  direction  to  refine  the

358 performance of the method. The present simple, enzyme-free, and low cost assay is

359 also available for POCT.
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539	Captions and legends

540	Scheme 1. Schematic illustration of cancer cell detection based on the bifunctional

541	aptamer and CHA.

542

543	Fig. 1. (A) Analysis of CHA products using 12% PAGE. Lane M: 20 bp   DNA ladder

544	marker; Lane 1: 500 nM H1; Lane 2: 500 nM H2; Lane 3: 500 nM H1 + 500 nM   H2;

545	Lane 4: 500 nM H1 + 500 nM H2 + 1 nM T; Lane 5: 500 nM H1 + 500 nM H2 + 10

546	nM T; Lane 6: 500 nM H1 + 500 nM H2 + 50 nM T; Lane 7: 500 nM H1 + 500 nM

547	H2 + 100 nM T. (B) Fluorescence spectra of CHA corresponding to (A).

548

549	Fig.  2.  Feasibility  verification  of  the  aptasensor  for  cancer  cell  detection.      (A)

550	Fluorescence spectra of the aptasensor for different concentrations of A549 cells;  (B)

551	Fluorescence  kinetics  monitoring  conversion  of  different  concentrations  of  A549

552	cells.

553

554	Fig. 3. (A) The fluorescence spectra of the assay with different numbers of A549 cells.

555	(B) Changes in the fluorescence intensity with different concentrations of A549  cells.

556	Inset: linear region of the intensity of A549 cells.

557

558	Fig. 4. Selectivity assessment in a set of samples. WBC: white blood cell; AE: the

559	mixture of A549 and 16HBE cells at a ratio of 1:1; AW: the mixture of A549 cells and


560	WBC at a ratio of 1:1.

561

562	Fig. 5. Detection of A549 cells in biological samples with different concentrations.
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577	Scheme 1. Schematic illustration of cancer cell detection based on the bifunctional

578	aptamer and CHA.
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585	Fig. 1. (A) Analysis of CHA products using 12% PAGE. Lane M: 20 bp   DNA ladder

586	marker; Lane 1: 500 nM H1; Lane 2: 500 nM H2; Lane 3: 500 nM H1 + 500 nM   H2;

587	Lane 4: 500 nM H1 + 500 nM H2 + 1 nM T; Lane 5: 500 nM H1 + 500 nM H2 + 10

588	nM T; Lane 6: 500 nM H1 + 500 nM H2 + 50 nM T; Lane 7: 500 nM H1 + 500 nM

589	H2 + 100 nM T. (B) Fluorescence spectra of CHA corresponding to (A).
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602	Fig.  2.  Feasibility  verification  of  the  aptasensor  for  cancer  cell  detection.      (A)

603	Fluorescence spectra of the aptasensor for different concentrations of A549 cells;  (B)

604	Fluorescence  kinetics  monitoring  conversion  of  different  concentrations  of  A549

605	cells.
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619	Fig. 3. (A) The fluorescence spectra of the assay with different numbers of A549 cells.

620	(B) Changes in the fluorescence intensity with different concentrations of A549  cells.

621	Inset: linear region of the intensity of A549 cells.
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636	Fig. 4. Selectivity assessment in a set of samples. WBC: white blood cell; AE: the

637	mixture of A549 and 16HBE cells at a ratio of 1:1; AW: the mixture of A549 cells and

638	WBC at a ratio of 1:1.
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653	Fig. 5. Detection of A549 cells in biological samples with different concentrations.
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