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Experimental Section 7 

Materials and reagents. Tetraethylorthosilicate (TEOS), n-cetyltrimethylammoniumbromide 8 

(CTABr), 3-aminopropyltriethoxysilane (APTES) and fluorescein were purchased from Sinopharm 9 

Chemical Reagent Co., Ltd. (China). Black hole quencher carboxylic acid (BHQ) was obtained from 10 

Biosearch Technologies, Inc. (USA). Ethylene glycol-bis(β-aminoethyl ether) N,N,N’,N’-tetraacetic 11 

acid (EGTA), 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonic acid (CHAPS), 1-ethyl-3-12 

(3-dimethylaminopropyl) carbodiimide (EDC), N-hydroxysuccinimide (NHS), phenylmethylsulfonyl 13 

fluoride (PMSF) and epigallocatechin gallate (EGCG) were purchased from Sigma-Aldrich Inc. (USA). 14 

Telomerase kit was obtained from Innovation Beyond Limits (Germany). DNase Iendonuclease, single-15 

stranded DNA binding protein (SSB), dNTPs,4',6-diamidino-2-phenylindole (DAPI), 3-(4,5-16 

dimethylthiazol-2-yl)-2-diphenyltetrazolium bromide (MTT), HeLa cells and Bel-7402 cells were from 17 

KeyGen Biotech. Co. Ltd. (Nanjing, China). QSG-7701 cells were from K&KM Biotech. Co. Ltd. 18 

(Wuxi, China). Loading buffer was purchased from Solarbio. Co. Ltd. (Beijing, China). Hybridization 19 

buffer (HB, pH 7.4) contained 10 mM Tris-HCl, 1mM EDTA, 50 mM NaCl, and 10 mM MgCl2. 20 

Phosphate buffer saline (PBS, pH 7.4) contained 136.7 mM NaCl, 2.7 mM KCl, 8.72 mM Na2HPO4, 21 

and 1.41 mM KH2PO4. All other reagents were of analytical grade. All aqueous solutions were prepared 22 

using ultrapure water (≥ 18 MΩ, Milli-Q, Millipore). 23 

The DNA sequences were purchased from Sangon Biological Engineering Technology & Co. Ltd. 24 

(Shanghai, China) with the following sequences: 25 

Wrapping DNA (O1): 5’-(CCC TAA)6 AAT CCG TCG AGC AGA GTT-3’, the underlined part was the 26 

telomerase primer;  27 
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Fluorescein labeled wrapping DNA (flu-O1): 5’-CCC TAA (CCC TAA)5 AAT CCG TCG AGC AGA 1 

GTT-3’, the C was labeled with fluorescein dye carboxyfluorescein; 2 

Complementary-chain DNA (O2): 5’-AAC TCT GCT CGA CGG ATT (TTA GGG)6-3’; 3 

Control DNA (O3): 5’-(TTT TTT)9-3’;  4 

Telomerase sense oligodeoxynucleotide (SODN): 5’-CTA ACC CTA AC-3’; 5 

Telomerase antisense oligodeoxynucleotide (ASODN): 5’-GTT AGG GTT AG-3’. 6 

Apparatus. The transmission electron microscopic (TEM) images were obtained on a JEM-2100 7 

transmission electron microscope (JEOL Ltd., Japan). Nitrogen absorption/desorption measurement was 8 

obtained through Brunauer-Emmett-Teller (BET, NOVA 2200e, Quanthachrome, USA). Dynamic light 9 

scattering (DLS) was observed on a 90 Plus/ BI-MAS equipment (Brook haven, USA). Zeta potential 10 

analysis was performed on a Zetasizer (Nano-Z, Malvern, UK). The UV-vis absorption spectrum was 11 

obtained with a UV-vis spectrophotometer (Nanodrop-2000C, Nanodrop, USA). Flow cytometric analy-12 

sis was performed on a Coulter FC-500 flow cytometer (Beckman-Coulter). The fluorescence spectra 13 

were obtained on a RF-5301PC spectrofluorophotometer (Shimadzu, Japan). The cell images were 14 

gained on a TCS SP5 laser scanning confocal microscope (Leica, Germany). MTT assay was performed 15 

on a microplate reader (680, Bio-Rad, USA).  16 

Cell culture. HeLa cells were cultured in a flask in Dulbecco’s modified Eagle’s medium (DMEM, 17 

GIBCO) supplemented with 10% fetal calf serum (FCS, Sigma), penicillin (100 µg mL
-1

), and strepto-18 

mycin (100µgmL
-1

) at 37 
o
C in a humidified atmosphere containing 5% CO2. BEL-7402 and QSG-7701 19 

cells were respectively cultured in a flask in RPMI-1640 (GIBCO) supplemented with 10% fetal calf 20 

serum, penicillin (100 µg mL
-1

), and streptomycin (100 µg mL
-1

) at 37 
o
C in a humidified atmosphere 21 

containing 5% CO2. Cell number was determined using a Petroff-Hausser cell counter (USA). 22 

Cell extract. Cells were collected in the exponential phase of growth, and 5×10
7
 cells were dispensed 23 

in a 1.5-mL EP tube, washed twice with ice-cold PBS (0.1 M, pH 7.4), and resuspended in 200 µL of 24 

ice-cold CHAPS lysis buffer containing 10 mM Tris-HCl, pH 7.5, 1 mM MgCl2, 1 mM EGTA, 0.1 mM 25 

PMSF, 0.5% CHAPS and 10% glycerol. The mixture was incubated for 30 min on ice and centrifuged at 26 

16000 rpm at 4 
o
C for 20 min. The supernatant was collected as cell extract for analysis or frozen at −80 27 

o
C. 28 

Synthesis of mesoporous silica nanoparticle. The mesoporous silica nanoparticle (MSN) was pre-29 

pared according to the previous report.
S1

 CTABr (0.052 g) was first dissolved in 25 mL ultrapure water. 30 
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Then 1 mL NaOH (0.36 M) was added to the solution, and the mixture was heated to 95 
o
C. Under con-1 

tinuous stirring, 2.0 mL TEOS was added dropwise. The reaction mixture was stirred at 95 
o
C for 3 h. 2 

Then the mixture was filtered, and washed thoroughly with ultrapure water and ethanol. Afterwards, the 3 

white precipitate was dried at 60 
o
C and calcined at 550 

o
C in oxidant atmosphere for 5 h to remove the 4 

template phase. 5 

Synthesis of 3-aminopropyl functionalized MSN (APTES-MSN).
S1

 1.0 g calcined MSN was sus-6 

pensed in 100 mL anhydrous ethanol inside a round-bottom flask, and an excess of APTES (1 mL) was 7 

added. After the mixture was stirred continuously for 6 h at 36
o
C, it was filtered, washed with ethanol, 8 

and dried at 60 
o
C to obtain APTES-MSN.  9 

Preparation of fluorescein@MSN-BHQ. 1 mg of APTES-MSN was dispersed in 1 mL ultrapure 10 

water, and mixed with EDC (1 mg) and NHS (2.5 mg). 0.1 mg of BHQ was then added in the suspen-11 

sion and stirred at room temperature for 4 h. The resulting MSN-BHQ was filtered, washed and resus-12 

pended in ultrapure water. Afterwards, 0.1 mg of fluorescein was added in the suspension of MSN-BHQ 13 

and stirred overnight at room temperature to obtain fluorescein-loaded MSN-BHQ (fluorescein@MSN-14 

BHQ), which was centrifuged, washed with ultrapure water, and dried in air as a dark red powder.  15 

Preparation of MSN probe. 1 mg of fluorescein@MSN-BHQ was dispersed in 1 mL HB, and mixed 16 

with 10 µL O1 (100 µM), which was stirred vigorously at 37 
o
C for 1 h. After the mixture was centri-17 

fuged and washed with ultrapure water, the O1 wrapped MSN probe was obtained and resuspensed in 18 

HB (1 mg mL
-1

), which was stored at 4 
o
C. The O3 wrapped MSN was prepared by the same procedure 19 

using O3 to replace O1. 20 

Demonstration of telomerase-responsive release mechanism. To demonstrate the detachment of 21 

O1-extending product from the MSN in response to telomerase, 10 µL telomerase (40 IU L
-1

) and 10 µL 22 

dNTPs (10 mM) were mixed with 1 mL MSN probe (1 mg mL
-1

). After incubation at 37 
o
C for different 23 

times, the supernatants were collected to detect the fluorescence intensity and UV-vis spectra. 24 

Gel electrophoresis experiments. The gel electrophoresis was performed as follows: 7.5 µL O1 solu-25 

tion (10 µM), sample 1, sample 2 or Ladder DNA solution (10 µM) as indicator was added in the mix-26 

ture of 1.5 µL loading buffer and 1.5 µL GelRed, respectively. The mixture was injected into poly-27 

acrylamide hydrogel in tris-borate-EDTA (TBE) buffer. Electrophoresis was carried out at 100 V in 28 

TBE buffer for 1 h. The resulting board was observed under UV irradiation. Samples 1 and 2 were pre-29 
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pared by incubating the mixture of 1 mL MSN probe (1 mg mL
-1

), 10 µL dNTPs (10 mM) and 10 µL 1 

cell extract or 10 µL telomerase (40 IU L
-1

) at 37 
o
C for 1 h and then collecting the supernatants. 2 

TEM characterization. After HeLa cells (0.5 mL, 1×10
6
 mL

-1
) were cultured with 15 µL MSN probe 3 

(1 mg mL
-1

) at 37 
o
C for 1.5 h, the cells were washed and dropped onto a copper grid for TEM detection. 4 

Telomerase kit detection. 50 µL sample solution or telomerase standard solution was added in the 5 

wells of ELISA plate, and incubated at 37 °C for 30 min. After washing with PBS, 50 µL solution of 6 

labeling reagent (from the kit) was added to each well, and the mixture was incubated at 37 °C for 30 7 

min. Then the medium was removed, and 50 µL of color development agent A and 50 µL of color de-8 

velopment agent B (from the kit) were added to each well. After the plate was vibrated for 10 min at 37 9 

°C, 50 µL of stop buffer was added to each well to stop the color reaction. The absorbance of each well 10 

was measured at 450 nm using a Hitachi/Roche System Cobas 6000 microplate reader (Tokyo, Japan). 11 

Detection of telomerase in cell extract. A standard addition method was used for quantifying the te-12 

lomerase activity in HeLa cells. The fluorescent intensity of the supernatants collected after incubating 13 

10 µL cell extract with 10 µL dNTPs (10 mM) and 1 mL MSN probe (1 mg L
-1

) at 37 
o
C for 1 h, and the 14 

mixture of 10 µL cell extract, 10 µL telomerase (20 IU L
-1

 from telomerase kit), 1 mL MSN probe (1 15 

mg L
-1

) and 10 µL dNTPs (10 mM) at 37 
o
C for 1 h was detected, respectively. The telomerase in 10 µL 16 

cell extract was calculated to be 7.9×10
-5

 IU, i.e. 1×10
6
 HeLa cells contain 3.1×10

-5
 IU telomerase. 17 

Interaction Mechanism between O1 and MSN 18 

To verify the electrostatic interaction between DNA and the MSN, flu-O1 was used to wrap MSN 19 

and APTES-modified MSN-BHQ, respectively. The Flu-O1 wrapped APTES-modified MSN-BHQ (1 20 

mg mL
-1

 in HB) showed strong fluorescence, while the fluorescence of flu-O1 wrapped MSN at the 21 

same concentration was much lower (Figure S1a).  This phenomenon could be attributed to the different 22 

surface charges of these NPs (Figure S1b). More flu-O1 could be wrapped on the positively charged 23 

APTES-modified MSN-BHQ due to the electrostatic interaction between DNA and nanoparticles. After 24 

incubating the flu-O1 wrapped NPs (1 mg mL
-1

 in HB) with 10 µL O2 (complementary strand of O1, 25 

0.01 mM) at 37 
o
C for 2 h, the fluorescence of these NPs solutions greatly decreased, which was at-26 

tributed to the detachment of the flu-O1 due to the formation of rigid double-stranded DNA.  27 
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 1 

Figure S1. (a) Fluorescence intensity of flu-O1 wrapped MSN and flu-O1 wrapped APTES-modified 2 

MSN-BHQ dispersed in HB before (red column) and after (green column) treatment with O2. (b) Zeta-3 

potentials of (A) MSN and (B) APTES-modified MSN-BHQ in HB. 4 

Demonstration of O1-based Blocking and Releasing Mechanism 5 

After 1 mg of MSN probe or fluorescein@MSN-BHQ was dispersed in 1 mL HB, the fluorescence 6 

intensity was detected at different times (Figure S2a and b). Fluorescein@MSN-BHQ without O1 wrap 7 

showed release of fluorescein from the mesopores. To demonstrate the O1-based bio-gate, 10 µL O2 8 

(complementary strand of O1, 0.01 mM) was mixed with 1 mL suspension of MSN probe (1 mg mL
-1

 in 9 

HB) to record the time course of fluorescence intensity (Figure S2c). The fluorescence intensity tended 10 

to a constant value after 80 min, which was slower than that of 60 min for fluorescein@MSN-BHQ. In 11 

order to exclude the interference of the MSN, after adding O2 to the suspensions of MSN probe for dif-12 

ferent times, the supernatants were collected to detect the fluorescence intensity (Figure S2d). All incu-13 

bations above were performed at 37 
o
C. 14 
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 1 

Figure S2. Time courses of fluorescence intensity for (a) MSN probe, (b) fluorescein@MSN-BHQ and 2 

(c) MSN probe suspension containing O2. (d) Plot of fluorescence intensity of the supernatant collected 3 

after incubating MSN probe with O2 for different incubation times. 4 

Evaluation of Fluorescein Amount Loaded in MSN Probe 5 

The amount of fluorescein loaded in MSN probe was detected with a standard curve method. From 6 

the maximum fluorescence intensity of free release experiment and the standard curve (Figure S3), the 7 

amount of fluorescein loaded in MSN was calculated to be 4.0 mg g
-1

 MSN. This result illustrated the 8 

efficient loading ability of the MSN due to its unique mesoporous structure. 9 

 10 

Figure S3. Plot of fluorescence intensity vs. fluorescein concentration. 11 



 

S7 

 

Controllable Release and Particle Stability of MSN Probe in Various Solutions 1 

The controllable release of fluorescein loaded in MSN probe was examined using water, PBS, HB, 2 

DMEM and RPMI 1640 as the working solutions, respectively. In these solutions the O1-based block-3 

ing and releasing experiments were performed with the same procedure as described above, the superna-4 

tants were collected for fluorescence detection, and the MSN particles after releasing experiments were 5 

collected for DLS detection.  6 

 7 

Figure S4. Plots of fluorescence intensity of the supernatant vs. incubation time before (A) and after (B) 8 

incubating MSN probe with O2 in (a) water, (b) PBS, (c) HB, (d) DMEM and (e) RPMI 1640. (f) DLS 9 

characterization of MSN particles before (red column) and after (green column) O2 treatment in various 10 

solutions. 11 

Telomerase Kinetics 12 

The gel electrophoresis experiments indicated that O1 was extended for about 3 TTTGGG segments 13 

after incubating the mixture of 1 mL MSN probe (1 mg mL
-1

), 10 µL dNTPs (10 mM) and 10 µL te-14 

lomerase (40 IU L
-1

) at 37 
o
C for 1 h. Thus the concentration of detached DNA, [P], at 1 h due to the 15 

telomerase mediated O1 extension could be estimated to be 0.2 µM from UV-vis spectrum. From the 16 

plot of [P] vs. reaction time (Figure S5a) the reaction rate (V) at each time point could be obtained as the 17 
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tangent slope. Considering [P] tended to a constant value of 0.25 µM after 90 min, the concentration of 1 

O1 as the substrate of telomerase, [S], could be calculated by [S] = 0.25 - [P]. Thus the plot of V vs. [S] 2 

could be obtained (Figure S5b), which followed a linear regression equation: V = 1.8×10
-4

 + 0.023[S]. 3 

This result illustrated that under present experimental conditions the telomerase-catalyzed reaction was 4 

a pseudo-first-order reaction. The rate constant was 0.023 min
-1

. 5 

 6 

Figure S5. Plots of (a) [P] vs. reaction time and (b) V vs. [S]. 7 

Specificity of MSN Probe 8 

To demonstrate the specificity of telomerase to O1, 1 mg O3 wrapped fluorescein@MSN-BHQ (1 mg 9 

mL
-1

) was incubated with 10 µL (10 mM) dNTPs and 10 µL (40 IU L
-1

) telomerase at 37 
o
C for differ-10 

ent times, and the supernatants were collected to detect the fluorescence intensity. The results were 11 

shown in Figure S6. 12 

 13 

Figure S6. Plot of fluorescence intensity of the supernatant vs. incubation time after mixing O3 14 

wrapped fluorescein@MSN-BHQ with dNTPs and telomerase.  15 
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Protection Properties of MSN against Other Proteins and Acidic pH 1 

After 1 mL MSN probe (1 mg mL
-1

) was incubated with 1 mL pH 7.0 HB containing 2 µg DNase I or 2 

4.5 µg SSB or 1 mL pH 6.0 PBS containing both DNase I and 4.5 µg SSB at 37 
o
C for 1 h, the superna-3 

tant was collected for fluorescence detection. Compared with the fluorescence intensity of the superna-4 

tant collected in the presence of 0.4 IU L
-1

 telomerase and 0.1 mM dNTPs (Figure S7, column D), these 5 

proteins showed much lower response at both the same pH (Figure S7, column B and C) and acidic pH 6 

(Figure S7, column E), which was close to the background signal (Figure S7, column A), indicating 7 

negligible fluorescein release and good probe stability.  8 

 9 

Figure S7. Fluorescence intensity of supernatants collected after mixing 1 mL MSN probe (1 mg mL
-1

) 10 

with (A) pH 7.0 HB, (B) 2 µg Dnase I in pH 7.0 HB, (C) 4.5 µg SSB in pH 7.0 HB, (D) 0.4 IU L
-1

 te-11 

lomerase and 0.1 mM dNTPs in pH 7.0 HB for 1 h and  (E) 2 µg Dnase I and 4.5 µg SSB in pH 6.0 PBS 12 

for 1 h. Inset: fluorescence spectra corresponding to A to E.  13 

Evaluation of Cytotoxicity of MSN Probe 14 

The cytotoxicity of MSN probe was studied by MTT assay. Briefly, after HeLa cells (100 µL, 1.0×10
6
 15 

mL
-1

) were seeded in the wells of 96-well plate for 4 h, the medium was discarded. The cells were then 16 

washed twice with PBS, and incubated with 100 µL culture medium containing 15 µL MSN probe (1mg 17 

mL
-1

) for different times. Meanwhile, the cells were incubated with 100 µL culture medium without 18 

MSN probe as control. After washing with PBS, MTT (50 µL, 1 mg mL
-1

) was added to each well. Af-19 

ter incubation at 37 °C for 4 h, the medium was removed, and 100 µL of dimethyl sulphoxide was added 20 

to each well. After the cell plate was vibrated for 15 min at room temperature to dissolve the crystals 21 

formed by the living cells, the absorbance of each well was measured using Hitachi/Roche System Co-22 
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bas 6000 (Tokyo, Japan) at 490 nm. The relative cell viability (%) was calculated by (Atest/Acontrol)×100. 1 

After treatment of 3 h, the cells still exhibited high viability (Figure S8), demonstrating that the de-2 

signed MSN probe possessed low cytotoxicity. 3 

 4 

Figure S8. Viability of HeLa cells after incubation with 15 µL MSN probe (1 mg mL
-1

) for different 5 

times. 6 

Internalization Mechanism of MSN Probe 7 

To evaluate the uptake mechanism, HeLa or BEL cells (0.5 mL, 1×10
6
 mL

-1
) were seeded in a 20-mm 8 

confocal dish for 24 h, and incubated with 15 µL MSN probe (1 mg mL
-1

) at 4 
o
C or 37 

o
C for 1.5 h. 9 

Low temperature obviously impressed the internalization of MSN probe in HeLa cells and BEL cells 10 

(Figure S9), suggesting an energy-dependent endocytosis of the proposed MSN probe.  11 

 12 

Figure S9. Confocal microscopic images of HeLa (a) and BEL (b) cells after incubation with 15 µL 13 

MSN probe (1 mg mL
-1

) at 4 
o
C or 37 

o
C for 1.5 h. 14 
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Flow Cytometric Analysis of MSN Probe Incubated HeLa Cells 1 

 2 

Figure S10. Flow cytometric detection of HeLa cells (0.5 mL, 1×10
6
 mL

-1
) after incubation with 15 µL 3 

MSN probe (1 mg mL
-1

) at 37 
o
C for 0, 10, 30, 50, 70, 90, 120, 150, 180 and 210 min (from A to J). 4 

Optimization of MSN Amount for Incubation with HeLa Cells 5 

 6 

Figure S11. Flow cytometric detection of HeLa cells (0.5 mL, 1×10
6
 mL

-1
) after incubation with 0, 1, 5, 7 

10, 15, 20, 25, 30 and 35µL MSN probe (1 mg mL
-1

) (from A to I) at 37 
o
C for 1.5 h. 8 

Specificity of MSN Probe to Telomerase in Living HeLa Cells 9 

HeLa cells (0.5 mL, 1×10
6
 mL

-1
) were firstly cultured in a 20-mm confocal dish for 24 h. After 15 µL 10 

O3 wrapped fluorescein@MSN-BHQ (1 mg mL
-1

) was added in the dish, they were further incubated 11 

for 1.5 h at 37 
o
C for confocal observation and flow cytometric detection. 12 
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 1 

Figure S12 (a) Confocal microscopic images and (b) flow cytometric detection of HeLa cells after in-2 

cubation with 15 µL O3 wrapped fluorescein@MSN-BHQ (1 mg mL
-1

) for 1.5 h. (A) in (b): control 3 

cells. 4 

Telomerase Activity Detection of BEL Cells and QSG Cells 5 

After BEL or QSG cells (0.5 mL, 1×10
6
 mL

-1
) were seeded in a 20-mm confocal dish for 24 h, 15 µL 6 

MSN probe (1 mg mL
-1

) was added in the dish to further incubate for 1.5 h for confocal observation or 7 

flow cytometric detection. BEL cells showed higher telomerase activity than QSG cells. 8 

 9 

Figure S13. (a) Confocal microscopic images and (b) flow cytometric detection of BEL or QSG cells 10 

after incubation with 15 µL MSN probe (1 mg mL
-1

) for 1.5 h. A and B in (b) corresponded to control 11 

QSG and BEL cells, respectively. 12 

13 
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Flow Cytometric Analysis of Drug Treated HeLa Cells  1 

After HeLa cells (0.5 mL, 1×10
6
 mL

-1
) were treated with 60 µL SODN (10 µM), 60 µL ASODN (10 2 

µM) or 125 µg EGCG in a confocal dish for 48 h, the cells were incubated with 15 µL MSN probe (1 3 

mg mL
-1

) at 37 
o
C for 1.5 h for flow cytometric analysis. 4 

 5 

Figure S14. Flow cytometric detection of (A) control HeLa cells and HeLa cells pretreated with (B) 6 

SODN, (C) ASODN and (D) EGCG after incubation with 15 µL MSN probe (1 mg mL
-1

) at 37 
o
C for 7 

1.5 h.  8 

Quantification of Intracellular Telomerase Activity 9 

After HeLa cells (0.5 mL, 1×10
6
 mL

-1
) were treated with different amounts of EGCG in confocal 10 

dishes for 48 h, the cell extracts were subjected to telomerase kit detection with a standard curve of ab-11 

sorbance vs. telomerase activity. The telomerase activities (T) were then used for obtaining the calibra-12 

tion curve for quantification of intracellular telomerase activity by detecting the average fluorescence 13 

intensity (FI) in the cell area from the confocal images (Figure S15a), which were taken from the HeLa 14 

cells treated with the same amounts of drug and then incubated with 15 µL MSN probe (1 mg mL
-1

) for 15 

1.5 h. The plot of FI vs. T showed a linear relationship (Figure S15d), with a linear regression equation: 16 

FI = 2.35+ 1.68×10
12
T.  17 
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 1 

Figure S15. (a) Confocal images of HeLa cells treated with EGCG at the final concentration of 250, 2 

120, 60, 0 µg mL
-1

(from A to D) and then incubated with 15 µL MSN probe (1 mg mL
-1

) for 1.5 h. (b) 3 

Absorbance of the cell extracts collected from HeLa cells treated with EGCG at the final concentration 4 

of 250, 120, 60, 0 µg mL
-1 

(from A to D) using the telomerase kit detection. (c) Plot of absorbance vs. 5 

telomerase activity. (d) Plot of cellular fluorescence intensity vs. telomerase activity in per cell. 6 
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