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(a) Tlustration of the collective oscillation of free electrons in metal

Principle of SERS

nanoparticles upon excitation by an electromagnetic wave; (h) Chemi-
cal enhancement results from charge transfer resonance between sig-
nal molecules and metal nanostructures, which is usually weaker than

electromagnetic enhancement
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Fig.2  SERS-based nucleic acid analysis using a label-free
SERS approach (left) or SERS tags (right)
In label-free SERS, the spectroscopic signal results from analyte
adsorption onto the SERS substrate, whereas in SERS tags-based
specific recognition assays. the spectroscopic signal results from the

reporter molecules on the SERS tags
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Table 1 Analysis of the label-free SERS approach and SERS tags-based nucleic acid assays
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Fig. 3 Scheme of SERS-based nucleic acid detection
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Fig. 4 (A) Schematic illustration of the synthetic procedures of Raman dye-coded Au-RNNPs using DNA-modified AuNPs as
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Fig. 6 (a) Schematic illustration of the molecular beacons functionalized-SERS sensor for simultaneously measuring
multiple miRNAs™* ; (b) Detection scheme of the SERS “inverse Molecular Sentinel” nanoprobes-**
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Fig. 7 Scheme of SERS-based nucleic acid detection based on the signal amplification of hybridization chain reaction
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SE BT B A W o3 B SR B AT BB

KT SERS HOAAE A B AT () b7 BT 5T £ AR P EAR
i) SERS 3§58 L . A [l L AR Al 4R 07 50 AN [R5 5 ok O 5K
SETTT . FERINBEAL . SRR R TR RS TTA I L R
RO 8 7 AR R s © Ry SERS A% R A6 DI 1y 3 B
F 2 24 SERS HARTEAZ R A I 8 1 T

& 2 SERS ZEZER I A B Bz A

Table 2 Typical research about SERS used for detection on nucleic acids
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B E IR IR DNA N " 10 1« L1 17
RERES B L K0 0 S pmo [17]
. o R
B miRNA B ) CmiRNA (35 FF— ", R HH-ROX/Cys /FAM, Ag NRs I 5816//3'19736 amol = b oo
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mi mi 5) L B 38 58 A T miRNA 375/144 amol « L7!
it miRNA A7 3 % (miRNA - (55 % HFL": RIHEE-Cy5/Cys. 5, Agcoated Au B3 52 B X 4 9 E A iR & r21]
21, miRNA 34a) nanostars 34 5 3t Ji§ miRNA F7 25 97 59 45
“ ~ 2 1 DE SR EQVAN - R
miRNA 141 CHCR (RS BORIE": Au NPS#E DNAREH LR o 17 pop. 1 [22]
S RONE
ot BB e 58 AR K L i 58 A
b o s . S| IS A I IR s o | I
“HCR {% & ", Ag NPS fi DNA ¥4 4 N
miRNA 21 “#L(ﬁ,,iz;\f’ﬂj“i : Ag NPS £ Ry LEmR 12. 4% F 4. 6 % CE LR #8 F %) [23]
RN miRNA-21 f # W fF 5 s
100 %)
miRNA-150 UEEIF— BT BRI HE-Cy5-Au NPS 70.2 amol » L1 [24]
DNA SRR T ss-DNA [ H AL AE Au NPS RE L @ K i & 4R 5 4 L2 [257

SRR P B DB AT R R

5L . UM% T i AT AT
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A K2 1o I PR ST 7 1) 2

6 & =
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Research Progress and Application of Surface-Enhanced Raman Scattering
Technique in Nucleic Acid Detection
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ZHANG Yang®*
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Abstract Nucleic acid is the most basic genetic material in life. It is of great significance to carry out a nucleic acid molecular
diagnosis to promote the development of human health and medical treatment. Surface-enhanced Raman spectroscopy (SERS),
as a rapid, nondestructive testing technique, has the advantages of simple sample preparation, low interference of water,
non-invasion, and real-time detection. It has shown great application potential in the fields of nucleic acid detection, pathogenic
microorganism detection and tumor accurate molecular diagnosis. Based on the application of clinical examination, a brief tutorial
on SERS technical principle and SERS enhancement theory are given first of all. Then the review mainly summarizes the recent
trends and developments of SERS in the detection of nucleic acid. The traditional label-free SERS detection is to detect the
Raman signal of nucleic acid itself directly, but its sensitivity and specificity can not meet the detection requirements. In the
labeled SERS detection, the Raman reporter molecule is connected with the target nucleic acid by DNA probe. The qualitative
and quantitative detection of target DNA/RNA is realized by detection and analysis of the Raman reporter molecular signal,
which demonstrates the advantage of SERS as “fingerprint” and achieves the purpose of high throughput detection with good
control lability and stability. According to different Raman signal amplification methods. the labeled SERS analysis on nucleic
acid detection mainly include “sandwich structure”, signal turn “on /off”, and hybridization chain reaction ( HCR) signal
amplification method, especially the “sandwich structure” detection strategy has the highest sensitivity. These researches have
demonstrated that the application of SERS in DNA/RNA detection could over come the shortcoming of traditional methods, and
provide a rapid, effective and sensitive analytical tool for real-time monitoring of nucleic acid and accurate real-time diagnosis of
clinical diseases. At the same time, there are still great challenges for the application of SERS technology in clinical application:
(1) The poor binding stability of Raman reporter molecules to nanoparticles makes it difficult to realize the high sensitivity SERS
probe which can be stored stably for a long time. (2) the composition of clinical, biological samples is complex, and there are
many interference factors to SERS detection signal, so it is necessary to select effective data analysis methods. (3) The research
of highly sensitive, easy to operate, low-cost Raman spectrometer is the key to transform SERS technology into practical applica-
tion. In the future, with the deepening of SERS and the cross-development of multi-disciplinary, SER technology is expected to
be widely used in nucleic acid detection and the whole biomedical detection field, and provide a powerful analytical technology for

life science.
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