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Experimental Section

Chemicals and Materials. 

All the DNA samples listed in Table S1 were synthesized and purified by Takara 

Biotechnology Co. (Dalian, China). NaCl, Na2HPO4 and NaH2PO4 were obtained 

from China National Pharmaceutical Group Corporation (Shanghai, China). 

Mercaptoethanol (ME) was purchased from Sigma-Aldrich Company Ltd. (USA). 

AuNPs (5 nm, 10 nm, 20 nm, 30 nm and 50 nm in diameter) were purchased from 

Ted Pella (Redding, CA). 

Apparatus.

Fluorescence measurements were performed on F4500 (Hitachi, Japan). 

Absorbance experiments of AuNPs and DNA was performed on U3900 (Hitachi, 

Japan).

DNA adsorption measurements.

The DNA adsorption processes on AuNP were monitored by using fluorescence 

quenching method according to the literature1, 2. In detail, dilutions of series of FAM-

labeled DNA in 20 mM PBS (20 mM PB, 20 mM NaCl, pH 7.4) were prepared and 

placed in a 96-well plate. The low concentration of salt buffer was set to avoid the 

aggregation of AuNPs. Fluorescence kinetic measurements (ex, 485 nm; em, 530 nm) 

were started after the same volume of AuNP solution was added at room temperature. 

The final concentration of AuNP and DNA was 8 nM and 40 nM, respectively.

Preparation of Diblock Oligonucleotide-Modified Gold Nanoparticles

The prepared AuNPs were first incubated with Diblock Oligonucleotide in a 

rational ratio according to the size of AuNPs (for 5 nm-10 nm AuNPs, [DNA]: [AuNP] 

= 200:1; for 20 nm AuNPs, [DNA]: [AuNP] = 300:1; for 30 nm AuNPs, [DNA]: 

[AuNP] = 1000:1; for 50 nm AuNPs, [DNA]: [AuNP] = 3000:1) for 16 h, 1M sodium 

phosphate buffer (1 M NaCl, 100 mM PB, pH 7.4) was added to the mixture for 5 

times to reach a final concentration of 0.1 M PBS. The salting process was allowed by 

incubation for another 40 h at room temperature. Then, the mixture was washed 3 

times with 0.1 M sodium phosphate buffer (0.1 M NaCl, 10 mM PB, pH 7.4) through 

centrifugation (For 5-10 nm AuNPs, 15000 rpm, 20 min; for 20 nm AuNPs, 12000 
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rpm, 20 min; for large AuNPs, the rotational speed should be slower and the time of 

centrifugation should be shorter to avoid the aggregation of AuNPs) to remove excess 

DNA. Then, the supernatant was removed and the nanoparticles were resuspend in 

0.1M PBS (pH 7.4).

Quantification of Diblock-Oligonucleotide loaded on AuNPs

The concentration of AuNPs and the FAM-labeled diblock DNA in each sample 

were measured to quantify the number of DNA attached to each AuNP. The 

concentrations of AuNPs were determined by UV-visible spectroscopy measurements 

and the absorbance values were related to the concentration of nanoparticles via 

Beer’s law. The extinction coefficient (ε) and the absorbance maximums (λmax) for 

each particle size used in our research are as follows: for 5 nm AuNPs, ε = 1.10 × 107 

M-1cm-1, λmax = 515-520 nm; for 10 nm AuNPs, ε = 1.01 × 108 M-1cm-1, λmax = 518 

nm; for 20 nm AuNPs, ε = 9.21 × 108 M-1cm-1, λmax = 524 nm; for 30 nm AuNPs, ε = 

3.36 × 109 M-1cm-1, λmax = 526 nm; for 50 nm AuNPs, ε = 1.72 × 1010 M-1cm-1, λmax = 

535 nm. 

To determine the concentration of FAM-labeled DNA in each aliquot, the DNA 

was chemically displaced from the AuNPs’ surface using ME3. The displacement was 

achieved by adding ME (with a final concentration of 20 mM in 0.3 M NaCl, 10 mM 

phosphate buffer solution (pH 7.4)) into the FAM-labeled DNA-AuNPs solution. The 

mixture was then incubated for 18 h with shaking at room temperature. The released 

DNA probes were then separated via centrifugation and the fluorescence was 

recorded by a fluorescence spectrometer. The fluorescence was converted to molar 

concentrations of probes by comparing to a standard linear calibration curve which 

was prepared with known concentrations of oligonucleotides with identical buffer pH, 

ionic strength and ME concentration. The number of oligonuleotides per AuNP was 

calculated by dividing the concentration of fluorescent oligonucleotides by the 

concentration of AuNPs. All experiments were repeated three times using fresh 

samples to obtain error bars.

MD simulation.

To obtain binding picture of the ssDNA specificity on the gold surface, we 
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performed MD simulations for the adsorption processes of the ssDNA sequence on an 

AuNP’s Au(111) surface immersed in water. A periodic box of 6.0 nm × 6.0 nm × 6.0 

nm was utilized for the simulations. The ssDNA sequences, including A7, A3TnA3 (n 

= 1~5), (AT)5A and T11 (poly(T)) were employed in the simulations. The Improved 

DNA Force Field for ssDNA is used to model ssDNA4. In total, 1512 gold atoms 

were arranged in three layers to model the AuNP’s Au(111) surface with an fcc lattice 

constant of a = 4.078 Å. The gold atoms were fixed to their starting position during 

the simulations. We employed the 12-6 Lennard-Jones potential to describe the 

interaction between the Au surface and the ssDNAs. The Au atoms were 

characterized as uncharged Lennard-Jones particles, with a radius of cross-section σAu 

= 2.9 × 10-1 nm and a depth of the potential well εAu = 4.3 × 10-1 kJ·mol-1, which are 

used in a very recent study. The SPCE water model was used for solvation. The 

negatively charged backbones of ssDNA are neutralized using Na+ counter ions. The 

initial configuration for the hybrid systems is considered by keeping the ssDNA at 

about 10.0 Å distance away from the gold surface (see Figure S1). The high energy 

contacts between the atoms in the initial conformations of the hybrid systems are 

removed by minimizing the energy of each system using steepest decent integration 

method. Following that, MD simulations are performed using leap-frog algorithm for 

integrating Newton’s equation of motion for 200 ns at constant temperature (300 K). 

The velocity rescaling thermostat was applied for temperature coupling. The particle-

mesh Ewald method with a real-space cutoff of 10 Å was used to treat long-range 

electrostatic interactions, and a 12 Å smooth cutoff was applied to all van der Waals 

interactions. In the simulations, the covalent bonds involving the H atoms were 

constrained by the LINCS algorithm. The time step for the simulations was set at 1 fs. 

All MD simulations were conducted using the Gromacs 4.5.4 package. The MD 

simulations of A7, A3TnA3, (AT)5A and T11 adsorption on the Au(111) surface were 

performed and ten trajectories were obtained for each sequence. The results are 

presented in Figs. S2-S9. 

A contact area per base (CApB) between the ssDNA and Au surface was 
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calculated to describe the adsorption strength between them, where the contact area 

was defined as a half of the difference between the solvent accessible surface area 

(SASA) of the ssDNA-Au complex and the sum of the SASAs of the ssDNA and the 

gold separately. In order to quantitatively better describe the adsorption affinity of the 

ssDNA sequence on the gold surface, we calculated the statistical average of the 

CApB areas based on the MD simulations using the following formula:

̅𝐶𝐴𝑝𝐵 =  
1
𝑁

𝑁

∑
𝑖 = 1

1
𝑡2 ‒  𝑡1

∙

𝑡2

∫
𝑡1

𝐶𝐴𝑝𝐵(𝑡, 𝑖)𝑑𝑡

where t denotes the MD time of each simulation, with t1 and t2 set to be 170 ns 

and 200 ns, respectively. i = 1 ~ N is the index for the adsorbed situation of each 

sequence, with N (the number of the adsorbed situation. Namely, at the simulation 

time t = 200 ns, CApB > 0.1 nm2). 
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Table S1. Oligonucleotide sequences used in this study.

Name Sequence (5’-3’)

A7 FAM-AAAAAAA

A3T1A3 FAM-AAATAAA

A3T2A3 FAM-AAATTAAA

A3T3A3 FAM-AAATTTAAA

A3T4A3 FAM-AAATTTTAAA

A3T5A3 FAM-AAATTTTTAAA

(AT)5A FAM-ATATATATATA

T11 FAM-TTTTTTTTTTT

A10 AAAAA AAAAA TTTTT ATgAT gTTCg TTgTg-FAM
A15 AAAAA AAAAA AAAAA TTTTT ATgAT gTTCg TTgTg-

FAM
A20 AAAAA AAAAA AAAAA AAAAA TTTTT ATgAT gTTCg 

TTgTg-FAM
A30 AAAAA AAAAA AAAAA AAAAA AAAAA AAAAA 

TTTTT ATgAT gTTCg TTgTg-FAM
A40 AAAAA AAAAA AAAAA AAAAA AAAAA AAAAA 

AAAAA AAAAA TTTTT ATgAT gTTCg TTgTg-FAM
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Figure S1. A typical structure at the initial time of the MD simulation. The initial 

configuration for the hybrid systems is considered by keeping the ssDNA at about 

10.0 Å distance away from the gold surface.
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Figure S2. Ten trajectories of the contact area per base (CApB) for the A7 sequence 

adsorbing on the gold surface at a temperature T = 300 K.
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Figure S3. Ten trajectories of CApB for the A3TA3 sequence adsorbing on the gold 

surface at a temperature T = 300 K.
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Figure S4. Ten trajectories of CApB for the A3T2A3 sequence adsorbing on the gold 

surface at a temperature T = 300 K.
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Figure S5. Ten trajectories of CApB for the A3T3A3 sequence adsorbing on the gold 

surface at a temperature T = 300 K.
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Figure S6. Ten trajectories of CApB for the A3T4A3 sequence adsorbing on the gold 

surface at a temperature T = 300 K.
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Figure S7. Ten trajectories of CApB for the A3T5A3 sequence adsorbing on the gold 

surface at a temperature T = 300 K.



S15

0.0
0.4
0.8

0.0
0.4
0.8

0.0
0.4
0.8

0.0
0.4
0.8

0 50 100 1500.0
0.4
0.8

0 50 100 150 200
 

 

 

 

 

 

 

 
CA

pB
 (n

m
2 )

 

 
 A5

 

 

 

 

 

 

Time (ns)Time (ns)
 

 

Time (ns)

 

 

Figure S8. Ten trajectories of CApB for the (AT)5A sequence adsorbing on the gold 

surface at a temperature T = 300 K.
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Figure S9. Ten trajectories of CApB for the T11 sequence adsorbing on the gold 

surface at a temperature T = 300 K.
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