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Abstract In this paper, the ultrasensitive detection of an alpha-fetoprotein (AFP) is performed using a combination
of two-dimensional (2D) surface-enhanced Raman scattering (SERS) and an AFP aptamer. We construct SERS
"hot spots" through complementary base-pairing between substrates modified with AFP aptamer and silver
nanoparticles modified with aptamer complementary sequence. The complementary adaptor sequence is also
modified using Raman signal labeled molecule ROX, but the addition of the AFP damages the structure of nano-gap
"hot spots", resulting in a decrease in intensity of the SERS signal. The ultrasensitive quantitative detection of AFP
is realized using the changed working curve of the SERS signal of ROX. The detection limit of this method is
145 fg/mL, which is one order of magnitude higher than that of the traditional clinical detection method. The
designed AFP SERS probe also exhibits good specificity and anti-interference ability. These results show that this
new approach may provide a rapid and effective method for the accurate detection of AFP.
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Table 1 Base sequences of alpha-fetoprotein aptamer and complementary sequence of the aptamer
DNA Sequence(5’ to 3")

SH-GTGACGCTCCTAACGCTGACTCAGGTGCAGTTCTCGACTCG
GTCTTGATGTGGGTCCTGTCCGTCCGAACCAATC

Alpha-fetoprotein aptamer

Complementary sequence of the aptamer

SH-

GATTGGTTCGGACGGACAGGACCCA-ROX
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Fig. 1 Schematic of SERS spectrum detection of AFP
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Fig. 2 Characterization results of AgNPs. (a) Absorption spectrum in ultraviolet and visual band;

(b) transmission electron micrograph
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Fig. 3 Assembly characterization results of AFP SERS sensor. (a) SEM image of silver nanoparticles assembled on silicon

dioxide sheets; (b) Raman mapping of 4-mercapto benzoic acid absorbed on 2D SERS substrate; (c) side-SEM

image of two coupled silver nanoparticles on a silica sheet
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Fig. 4 Sensitivity detection results of 2D SERS substrates. (a) SERS spectra of 4 MBA with different concentrations;

(b) SERS intensity at the peak of 1075 cm ™!
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Fig. 5

AFP test results. (a) ROX SERS spectra with different AFP mass concentrations; (b) linear relationship

between logarithm of AFP mass concentration and intensity of ROX SERS spectrum at 1645 cm ™'
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Fig. 6 Specificity test results. (a) SERS spectra of AFP specific detection; (b) intensity variation of

SERS signal peak of ROX at 1503 cm ™'
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