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EXPERIMENTAL METHODS 
Materials
DNA strands (HPLC grade) were purchased from Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, 
China). All chemical reagents (Guaranteed reagent) are purchased from Sanbang Pharmaceutical 
Co., Ltd. (Changchun, China). 

Preparation of silver nanoparticles 
The synthesis of the silver sol is based on the Lee method. 0.036 g of silver nitrate, placed in a three-
necked flask, was added with 200 ml of water, and was heated to a slight boiling. Then 6 ml of 1% 
sodium citrate solution was added to the reaction system to stop heating. The reaction is stopped 
until the solution turns from colourless to dark yellow and finally to green. Ultra-pure water was 
used throughout the experiment.

Substrate pretreatment and Sample preparation 
The process diagram is shown in Scheme 1. 5 mL of sodium citrate-reduced silver sol was 
centrifuged (5000 rpm, 15 min, 15 ° C), after the removal of the supernatant, 50 μL of the 
centrifuged silver sol was mixed with 25 μL of potassium iodide solution (1 μM) at room 
temperature for 25 minutes. Then, 25 μL of dichloromethane was added to the solution; as soon as 
the addition, the solution began to gradually divide into two layers. 50 μL DNA sample was added 
to the mixture, followed by 20 μL of Al3+ (0.01 M Al2(SO4)3), at this time, stratification would 
disappear. The prepared sample was shaken for SERS detection. 
1L0 ,1HP3 and DNA double helixes were made by heating the DNA strand in 50 mM NH4

+ 
buffer solution in water bath (90℃) for 10 minutes following by a slowly cooling down step 
to room temperature in about 12 hours, then incubating in 4 ℃ for more than 4 days. Single-
stranded DNA (ssDNA) and ultra-pure water was used throughout the experiment. The final 
concentration of all DNA helix structure and the ssDNA for SERS detection is about 1 μM unless 
otherwise specified.

SERS measurements
SERS spectra were recorded on a LabRam Aramis Raman Microscope system (Horiba-Jobin Yvon) 
excited by 633 nm laser line. The samples were kept in capillaries before SERS measurements, and 
were excited by the laser through the capillary walls. The scan time is 10 s, and each test is 
accumulated twice. All DNA sequences were 1 μM in concentration throughout the SERS assay 
unless otherwise stated.

CD spectroscopy
CD spectra were recorded on a J-810 CD spectrometer (JASCO, Tokyo, Japan) using 0.2 mm path 
length Hellma cell at the room temperature. Spectra were recorded from 320 to 200 nm and 
presented as the averages of three scans. Each trace was measured at 100 nm/min of scanning speed, 
with 2 s response time, 1 nm data pitch and 1 nm bandwidth. The background spectra corresponding 
to the buffer alone were subtracted from all DNA spectra. The final DNA concentration for CD 
detection is 25 μM. 
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Figure S1 CD spectra of 1HP3 and 1L0

220 240 260 280 300 320

-20

-10

0

10

20

30

40

50NA
 50NB
 50NM

Wavelength/nm

M
ol

ar
 E

lli
pt

ic
ity

/d
eg

.M
-1
.m

-1
.re

si
du

e-1

 50DA
 50DB
 50DM

Figure S2 CD spectra of 50DA, 50DB, 50DM & 50NA, 50NB , 50NM
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Figure S4. (A) SERS spectra of 50DA and 50NA. (B) SERS spectra of 50DM and 
50NM. (C) SERS spectra of 50DB and 50NB.

Figure S3. SERS spectra of 1HP3 (DNA hairpin) (green) and 1L0 (ssDNA) (blue) 
normalized by the intensity of the phosphate band at 1089 cm-1. The spectra were 
obtained by Ag@ IANPs as an SERS-active substrate.
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Table S1. SERS band assignments of the ssDNA and dsDNAs.

Note: d = deoxyribose, ν = stretch, δ = deformation, br = breathing, s = symmetric, s = shoulder, bk = 

backbone. 

Raman Shift/cm-1 Assignments Refs.

ss DNA dsDNA

571 570 dG ring br dG C2'-endo/anti [1,2, 3]

- 620 - Loop [2,3]

654 651 dG R6 ring br dG ring br, [1, 2]

732 732 dA ring br dA ring br [2,3]

792 790 dT ring br dT ring br [4]

794 790 dC ring br νs OPO; dC ring br [4]

925 929 d bk [1, 2,3]

951 955 d d, dG δ R5 [1,2,3,4]

1033 1031 d (ν C-O) d (ν C-O) [1, 3,4]

1089 1089 νs PO2
- νs PO2

-, bk [1, 2, 3]

1184 1220 dT dT C2'-endo/anti [1, 3]

1251 1247 dT, dG dT, dG δ NH(N2) [3, 4]

1374 1374 - dG C2'-endo/syn [2,3]

1642 1647 dT dT, dC ν C5=C6 [2, 3,4]

1689 1703 dG ν C=O H-bond to H2O dG ν C=O H-bond [2,3]

Figure S5. (A) SERS spectra of 50DM, 50D2 and 50D3. (B) 
SERS spectra of 50DM2 and 50NM2.
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Table S2. Sequences of the DNA strands additionally added in the study
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Name                           5’-3’

50NM2 CTCAGGCCTCAGCTTCTCCGTGGGGTCCGTGTACAGCTGAGTGGTGGTGG

CCACCACCACTCAGCTGTACACGGACCCCACGGAGAAGCTGAGGCCTGAG

50DM2 CTCAGGCCTCAGCTTCTCCGTGAGGTCCGTGTACAGCTGAGTGGTGGTGG

CCACCACCACTCAGCTGTACACGGACCTCACGGAGAAGCTGAGGCCTGAG

50D2 CTCAGGCCTCAGCTTCTCCGTGTGGTCCGTGTACAGTTGAGTGGTGGTGG

CCACCACCACTCAACTGTACACGGACCACACGGAGAAGCTGAGGCCTGAG

50D3 CTCAGGCTTCAGCTTCTCCGTGTGGTCCGTGTACAGTTGAGTGGTGGTGG

CCACCACCACTCAACTGTACACGGACCACACGGAGAAGCTGAAGCCTGAG

Figure S6.  The TEM image of the of Ag DIANPs


