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Experimental Section

1 Reagents

TEO02 and TDOS5 aptamers were purchased from Sangon Biotech (Shanghai) Co., Ltd. Dynabeads
M-280 streptavidin (2.8 pm) and Rhod-5N were purchased from Invitrogen.
Tris(2-carboxyethyl)phos phosphane Hydrochloride, CdCl,-2.5H,0, Na,;SeO;, Reduced
Glutathione (GSH), NaBH4, AgNO; and Sulfo-NHS Biotin were purchased from Sigma-Aldrich.
All the reagents were analytical grade and were used without further purification. Ultrapure water
was used throughout (Millipore, 18.25 MQ-cm).

3’-biotion-TE02 aptamer sequence:

TAGGCAGTGGTTTGACGTCCGCATGTTGGGAATAGCCACGCCTTTTTTTTTTT
3’-biotion-TDO05 aptamer sequence:
AACACCGGGAGGATAGTTCGGTGGCTGTTCAGGGTCTCCTCCCGGTGTTTTTTTTTT

2 Apparatus

High-resolution transmission electron microscopy (HRTEM) images were acquired using a
JEM-2010 FEF transmission electron microscope operating at an accelerating voltage of 200 kV.
UV-visible (UV-Vis) absorption spectra were obtained with a PerkinElmer Lambda 25 UV-Vis
spectrophotometer. The fluorescence (FL) spectra were obtained by a fluorescent spectrometer
(F900, Edinburgh Instruments Ltd.) (A,=530 nm, Ae= 576 nm). Dynamic light scattering (DLS)
was measured on Malvern Zetasizer Nanoseries using 633 nm laser at 25 °C. Laser scanning
confocal microscopy was carried out with a Leica SP5 confocal microscope (Leica Microsystems,
Heidelberg, Germany).

3 Cell culture

Ramos cells (CRL-1596, B-cell, human Burkitt’s lymphoma), CCRF-CEM cells (CCL-119 T-cell,
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human acute lymphoblastic leukemia), K562 cells (CCL-243, chronic myelogenous leukemia)
were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) and 100
IU/mL penicillin-streptomycin. The washing buffer contained 4.5 g/L glucose and 5 mM MgCl, in
Dulbecco’s PBS (Sigma). Binding buffer was prepared by adding yeast tRNA (0.1 mg/mL)
(Sigma) and BSA (1 mg/mL) (Fisher) into the washing buffer to reduce background binding. The
cell density was determined using a hemocytometer, and it was calculated prior to any
experiments. Cells were dispersed in washing buffer, centrifuged at 1000 rpm for 5 min, and
redispersed in binding buffer for incubation with nanomaterials. During all experiments, the cells
were kept in an ice bath at 4 °C.

4 Synthesis of GSH-capped CdSe QDs

GSH-capped CdSe QDs were prepared using our previously reported method with slight
modifications.! CdCL-2.5H,0 (0.0566 g) was dissolved in 50 mL ultrapure water, and GSH
(0.0922 g), Na,TeO; (0.01g) and NaBH, (0.1g) were added with vigorous stirring. After heating
1.5 h, GSH-capped CdSe QDs were obtained. The UV-Vis absorption, FL spectra and digital

photos of the prepared CdSe QD solution were shown in Fig S1.
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Fig S1 The UV-Vis absorption (a), FL (b) and digital photos of the prepared CdSe QDs (c: visible
light, d: 365 nm UV light).

5 Synthesis of biotin-conjugated CdSe QDs

The preparation process of biotin-conjugated CdSe QDs was shown in Scheme S1. The CdSe QDs
(1.0x107 M) was mixed with Sulfo-NHS Biotin stock solution (20 mg/mL, 100 pL) for 60
minutes at room temperature. After purification (10 KD, 500 puL, Millipore Ultra-filtration tube,

8000 rpm/min, 15 min), the biotin-conjugated CdSe QDs were obtained.
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Scheme S1 The preparation process of biotin-conjugated CdSe QDs.
6 Synthesis of avidin-conjugated CdSe NCs

The biotin-conjugated CdSe QDs (1 mL, 1.0x10” M) was reacted with avidin (1.0x10” g/mL, 50
uL) in PBS buffer for 30 min. After centrifugal separation (4 ‘C, 12000 rpm/min, 20 min), the
precipitation (avidin-conjugated CdSe NCs) was collected and dispersed in PBS buffer.

7 Synthesis of TD05-aptamer conjugated CdSe NCs

TDOS5 aptamer-conjugated CdSe NCs were prepared through interaction between avidin and biotin.
3’-biotin-TD05 aptamer (50pL, 1.0x10”° M) was mixed with avidin-conjugated CdSe NCs (500pL,
1.0x107 M) at room temperature for 30 min. After purification (50 KD, 500 pL, Millipore
Ultra-filtration tube, 8000 rmb/min, 15 min), the TDO05-aptamer conjugated CdSe NCs were
obtained.

8 Detection of Ramos cells with signal amplification via cation exchange reaction
TDO5-aptamer conjugated CdSe NCs (50uL, 1.0x10”7 M) and TE02-aptamer conjugated Dynal
Magentic Beads (10puL, 1 mg/mL ) were added into Ramos cells. After reaction 45 min, the target
cells were separated with a separator having a high intensity magnetic field. Then, the 100 puL
detection solution (0.1 M KAc, pH 7.4, 0.05% Tween 20, 500 pM AgNOs, and 4 uM Rhod-5N)
was added. The fluorescence was measured after the removal of magnetic particles. Optimization
of the incubation time, concentration of Rhod-5N and the combination manner of aptamer pairs
was performed by holding all other experimental conditions constant as described above and

varying the corresponding duration only.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

=
=

40
304 31.4i0.4 nm 304 nm
- @
@ =
‘g 20 E 20
z Z
10 10
0 .I | = T o
1] 20 40 60 80 100 0 20 40 60 8]0 100
Diameter (nm) Diameter (nm)
40 40
e 81.2+0.5nm 14641 0.5 nm
j: o
'§ 20 % 20
Z z
104 10
J 04
0 50 100 150 200 0 100 200 300 400
Diameter (nm) Diameter (nm)

Fig. S2 DLS measurements of CdSe NCs using different volume of avidin (1.0x10” g/mL avidin,
a: 10pL, b: 20puL, c: 50puL, d: 100puL .CdSe QDs: 1 mL, 1.0x107 M).
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Fig. S3 The optical micrograph of streptavidin conjugated Dynal Magentic Beads. The average
particle size is 2.8 pm.
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Fig. S4 The comparison effects of acid dissolution and cation exchange reaction on the
fluorescence of Rhod-5N.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

20000

~ T
ﬁ. =
S, 15000 i

3’ T

@ 10000 | I

S

.E

") 5000

>

a b c d

Fig S5 Responses of different aptamer pair-based cation-exchange reaction in CdSe nanoclusters.
(a: TEO2-TE02, b: TD05-TDO0S, c: TE02-TDO05, d: TD05-TE02, Ramos cells: 1000 cells/mL,
Rhod-5N: 4uM, CdSe NCs: 1.0x107 M).
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Fig. S6 Effects of incubation time and concentration of Rhod-5N dye on the fluorescent intensity
of Rhod-5N (Ramos cells: 1000 cells/mL).

Table S1 Comparison between the proposed method and other reported techniques for detection of
Ramos cells

Detection method Detection Detection range Detection Refs
system limint®

Circular strand-displacement FL 1.0x10*1.0x10" 100 2
polymerization

Carbohydrate-functionalized Cds ECL 1.0x10%-3.0x10* 58 3
nanocomposite

Signal probe encapsulated by DNA CL 2.0x10%-3.0x10" 126 4
Strip biosensor Abs 8.0x10°-4.0x10° 800 5
The proposed method FL 5.0x10-1.0x10° 50

ECL: electrogenerated chemiluminescence, CL: chemluminescence, Abs: absorption spectra.

a: in cells/mL.

Compared with the ECL method, our proposed fluorescence signal amplification for cancer cell
detection has some advantages. First, the detection process was completed in homogeneous

solution without complex surface modifications. Second, our proposed method has a high
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selectivity, and can be used to detect mixed cancer cell samples using magnetic separation
technology.

Reference

1 Z. H. Sheng, H. Y. Han, X. F. Hu and C. Chi, Dalton Trans., 2010, 39, 7017-7020.

2 C.F. Ding, X. L. Li, Y. Ge and S. S. Zhang, Anal. Chem., 2010, 82, 2850-2855.

3 E. Han, L. Ding, S. Jin and H. X. Ju, Biosens. Bioelectron., 2010, 26, 2500-2505.

4 X. Hun, H. C. Chen and W. Wang, Biosens. Bioelectron., 2011, 26, 3887-3893.

5 G. D. Liu, X. Mao, J. A. Phillips, H. Xu, W. H. Tan and L. W. Zeng, 4Anal. Chem., 2009, 81,
10013-10018.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


