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Application of Functional Nucleic Acid-gold Nanoparticle Complexes in Biosensor Detection
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Abstract: Aptamers and DNAzymes, both belonging to the functional nucleic acids (FNAs) family, can form
complexes with gold nanoparticles (AuNPs) to synergistically achieve molecular recognition with signal
amplification, significantly enhancing their performance in sensor applications. These complexes have been
extensively applied in food safety testing, environmental monitoring, and biomedical diagnostics, demonstrating
exceptional application value. The author systematically summarizes the discovery and development of aptamers,
DNAzymes, and AuNPs, elaborates on the formation mechanisms and assembly strategies of functional nucleic
acid-AuNP complexes, and highlights recent advances in biosensors based on colorimetry, fluorescence, and
electrochemical signals for the detection of heavy metal ions and pathogens.
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Table 1 Comparison of different electrochemical biosensors
0 24 A o %t 5 Rzl e A Lk HL AR A& Vi 00 R R I 77 v 2% LR
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Table 2 Comparison of three detection methods for Pb**
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AT B AR, BRI 6-37 2 -1- 2 BE (MCH) 3 P JEHF 5
PEAL o 38 H A 2 BE B M 0 4 B 5] k) L RE
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WHER -SHMEREF, AERTFNERESE
E M

FE 500 B HL AL A T A R T, Bk FR AR 2 A
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PESEIME . B, TR N A R T R BT B
HAR T W HE RS T2 AR R E S R
G 9 N RO EEL,LRBEIE
IR
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Table 3 Comparison of three detection methods for Escherichia coli
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15 M Lb B2 T 5 90 K UKL 1) R ~T 5 7 30 A7 78 ik 2k Je)
2 5, 0] B AR W — O Th RE A 6
FEKA S T RECRAS 5 e AE T, B = AL
PR BCRR B i 25 ek Th B . R AuNPs 4k, oAb
KM ELE FNASHIE AR R EZIHEEE NI
RE 2 5 o Tk D S A = Bk 9 K B0k T i B Ah R 3%
SEPLH bR R 2 B 5w AR T AGRE AT AL
S S e =1 S 1l el o L [ = T 7 e

J1o BB R Cln ik 48 K & A S 05 B 1 A
FEAE v L R AR AR 7 1 T AR SR e
AR E R AR I AR R, B
e g KRL 2R F T 2040 6 BUK BT e AR R AR
(ONEI 8 re 7 W R N A L SR o[ S T
I A M LE P REROY . SR, I A R} IR T I
AR A VAR LR T )RR A 1 O R R R LA
e AR TR B 2 e O S Bk BR ) T AR AE AL
N FH EFE
6 JEB

ARG 4R T FNAs-AuNPs & & W) 16 4= W) 1% 8%
AR kR, R TR T A RO
12245 5 B A AL ) A HAE 6 8 S 50 R A
Yok D R . 3 K AL KA 45 G AuNPs 5, R

23



Journal of Food Science and Biotechnology

BOE LT IRRE IR e Y W E R T R T
FNAs 5 AuNPs 5 & & R 1R A E . 2810, 4 5
W90 2 &b T S50 = B B, S br B A B A o
PR, 1% 3 AR AE ST BR B 3% 5t 1 R R R e M
br A AR O TN AR o — P AR Ak o A,
FNAs-AuNPs & & Y 7E 55 12 W A= 4 43 1 46 I %
VE =Rl AR T AN T e A il D A )
s, H L SRR HE T T T R B . Bl A A AT
MEFSIRN, ZHERRGEERKSH &M%
A T HA S5 M W00 A5 A IR Ay v R R N L B T P
AR

S CHk

(1], oy, WIER, %, Dhab iz T 800 i &
Wgwk et Rely]. BV HAR Mg ,2023,13(1):30-38.
Zhao W Z,Li C X, Hu Z J, et al. Research progress of
functional nucleic acid used in pathogenic bacteria detection
[J]. Current Biotechnology,2023,13(1):30-38. (in Chinese)

(2] VFOCWs, M, SRR, 55 . DhRE A TR M A& 1 P9 i 45 b 2
V1. AW AR, 2021,11(4):446-454.

Xu W T, Yang M, Zhu L J, et al. The connotation and
extension of the functional nucleic acid [J] . Current
Biotechnology,2021,11(4) :446-454 . (in Chinese)

[3] Sharifi M, Avadi M R, Attar F, et al. Cancer diagnosis
using nanomaterials based electrochemical nanobiosensors
[J]. Biosensors and Bioelectronics,2019,126:773-784.

[4] Jeevanandam J, Barhoum A, Chan Y S, et al. Review on

nanoparticles and nanostructured materials: history,
sources , toxicity and regulations[J]. Beilstein Journal of
Nanotechnology,2018,9:1050-1074.

(5] k5%, el it e, 55 . 56 T DU AR A% IR i 4R B A% R T
AU VR BUR BRI RLI]. BT 5 s, 2025, 44(6)
954-962.

Zhang T Y,Gao Y,Shi Y,etal. Paper-based sensing based
on functional nucleic acids for the detection of food-borne
pathogens [J] .
2025,44(6):954-962. (in Chinese)

[6] Xu W T,He W C,Du Z H, et al. Functional nucleic acid

Chinese Journal of Analysis Laboratory,

nanomaterials : development , properties , and applications[ J] .
Angewandte Chemie International Edition in English,
2021,60(13):6890-6918.

[7] Ellington A D, Szostak ] W. In vitro selection of RNA
molecules that bind specific ligands[J] . Nature, 1990,
346(6287):818-822.

[8] Bock L C, Griffin L C, Latham J A, et al. Selection of
single-stranded DNA molecules that bind and inhibit

human thrombin[J]. Nature,1992,355(6360):564-566.

BE3I4H 2026 5 A | ERE5EYMBARFER

[9] Zhu C, Yang G, Ghulam M, et al. Evolution of
multi-functional capillary electrophoresis for high-efficiency
selection of aptamers[ J]. Biotechnology Advances,2019,
37(8):107432.

[10]Ji C L, Wei J Y, Zhang L, et al. Aptamer-protein
interactions: from regulation to biomolecular detection
[J]. Chemical Reviews,2023,123(22):12471-12506.

[11] Zheng X F, Huang Z Y, Zhang Q, et al. Aptamer-

functionalized  nucleic acid nanotechnology  for

biosensing, bioimaging and therapy [J]
Nanoscale;2025,17(2):687-704.

[12] Liu M Y, Marrazza G,Guo Y M, et al. Current advances

cancer

in aptamer-functionalized DNA nanostructures for pathogenic

bacteria detection in food[J]. Food Bioscience, 2025,
71:107218.

[13] Yu X, Zhang S, Guo W, et al.
Functional Nucleic-Acid Biosensors[J]. Sensors ,2021,
21(21):7109.

[14] Breaker R R, Joyce G F. A DNA enzyme that cleaves
RNA[J]. Chemistry & Biology,1994,1(4):223-229.

[15] R fe, d 2080, 2850, 55 A - 91Kk M R E 59
T B gt O], r B fe2%,2015,43C11
1611-1619.

Zhao X H,Meng H M, Gong L,et al. Recent progress of

Recent Advances on

Chinese
Journal of Analytical Chemistry, 2015, 43 (11) : 1611-
1619. (in Chinese)

[16]Su J X, Sun C Y, Du J Y, et al.

DNAzyme-nanomaterial based biosensors [J] .

RNA-cleaving
DNAzyme-based amplification strategies for biosensing
and therapy[J]. Advanced Healthcare Materials, 2023,
12(23):2300367.

[17]JHu L, Fu X Y, Kong G Z, et al. DNAzyme-gold
nanoparticle-based probes for biosensing and bioimaging
[J1. Journal of Materials Chemistry B, 2020, 8 (41) :
9449-9465 .

[18] Sakthi Devi R, Girigoswami A, Siddharth M, et al.
Applications of gold and silver nanoparticles in
theranostics[ J]. Applied Biochemistry and Biotechnology ,
2022,194(9):4187-4219.

[19] Budiarto B R, Mustopa A Z, Ningrum R A, et al. Gold
nanoparticles (AuNP) -based aptasensor for enteropathogenic

detection [J] .
Reports,2022,49(10):9355-9363.

[20] Sarfraz N, Khan I.

(AuNPs)

Escherichia coli Molecular Biology

Plasmonic gold nanoparticles

: properties, synthesis and their advanced
energy, environmental and biomedical applications [J] .
Chemistry-An Asian Journal,2021,16(7):720-742.

[21] Niznik £, Noga M, Kobylarz D, et al. Gold nanoparticles



Vol. 45 No. 5

(AuNPs) -toxicity, safety and green synthesis: a critical

review[J]. International Journal of Molecular Sciences,
2024,25(7):4057.

[22] Timoszyk A, Grochowalska R. Mechanism and

antibacterial activity of gold nanoparticles (AuNPs)
functionalized with natural compounds from plants[J] .
Pharmaceutics,2022,14(12):2599.

[23] Fan J N, Cheng Y Q, Sun M T. Functionalized gold

nanoparticles: synthesis, properties and biomedical
applications[J]. The Chemical Record, 2020, 20(12) :
1474-1504.

[24] Oliveira B B, Ferreira D, Fernandes A R, et al.
Engineering gold nanoparticles for molecular diagnostics
and biosensing [J] . Wiley Interdisciplinary Reviews:
Nanomedicine and Nanobiotechnology, 2023, 15 (1) :
¢1836.

[25] Mirkin C A, Letsinger R L, Mucic R C, et al. A
DNA-based method for rationally assembling nanoparticles
into macroscopic materials[ J]. Nature, 1996, 382(6592) :
607-609.

[26] Ma X Y,Li X Q,Luo G Y, et al.

gold nanoparticles: modification, characterization, and

DNA-functionalized

biomedical applications [J] .

2022,10:1095488.

Frontiers in Chemistry,

[27] LiuB W,LiuJ W. Freezing directed construction of bio/nano
interfaces: reagentless conjugation, denser spherical nucleic
acids, and better nanoflares[J]. Journal of the American
Chemical Society,2017,139(28):9471-9474.

[28] Liu J W, Lu Y. A colorimetric lead biosensor using
DNAzyme-directed assembly of gold nanoparticles [J] .
Journal of the American Chemical Society, 2003, 125(22) :
6642-6643.

[29] Wei H,Li B L,LiJ,et al. DNAzyme-based colorimetric
sensing of lead Pb* using unmodified gold nanoparticle
probes[J]. Nanotechnology,2008,19(9):095501.

[30] Huang Z J, Chen J M, Luo Z W, et al. Label-free and
enzyme-free colorimetric detection of Pb*" based on RNA
cleavage and annealing-accelerated hybridization chain
reaction[ J]. Analytical Chemistry,2019,91(7):4806-4813.

[31] Chang T J, Wang L B, Zhao K X, et al. Duplex

identification of Staphylococcus aureus by aptamer and

gold nanoparticles [J] . Journal of Nanoscience and
Nanotechnology,2016,16(5):5513-5519.

[32] Shirzad H, Panji M, Nezhad S A M, et al. One-pot rapid
visual detection of E. coli O157: H7 by label-free AuNP-based
plasmonic-aptasensor in water sample [J] . Journal of

Microbiological Methods,2024,217:106858.

[33] Behzad F, Samadi A, Rahimpour E, et al. Recent advances

F AF: MEKR AREFRNEAYAEEMERSZENTHEA

in gold nanoparticle-based colorimetric aptasensors for
chemical and biological analyses[J]. Bioanalysis,2022,
14(23):1509-1524.

[34] WuY Y,Huang P C, Wu F Y. A label-free colorimetric
aptasensor based on controllable aggregation of AuNPs
for the detection of multiplex antibiotics [J] . Food
Chemistry,2020,304:125377.

[35] Moore T L, Rodriguez-Lorenzo L, Hirsch V, et al.
Nanoparticle colloidal stability in cell culture media and
impact on cellular interactions [J] . Chemical Society
Reviews,2015,44(17):6287-6305.

[36] T2, Wi dE, Beme /. 0t 4 A T ke A JBOK RO 7E 43
RNA & w5 R A0, A% 550 7k
)% 4% ,2024,40(7) : 889-896 .
Wang S J, Cao R F, Duan X L. Development and

application of RNA-cleaving deoxyribozyme catalytic

amplification in microRNA biosensors [J] . Chinese
Journal of Biochemistry and Molecular Biology, 2024,
40(7):889-896. (in Chinese)

[37] Liu D M, Dong C. Gold nanoparticles as colorimetric
probes in food analysis: progress and challenges [J] .
Food Chemistry,2023,429:136887.

[38]Deng Z W, Yun Y H, Duan N, et al. Artificial
intelligence algorithms-assisted biosensors in the detection
of foodborne pathogenic bacteria: recent advances and
future trends[J]. Trends in Food Science & Technology,
2025,161:105072.

[39] Bai Y L,Shu T,Su L, et al. Functional nucleic acid-based
fluorescence polarization/anisotropy biosensors for detection
of biomarkers[ J]. Analytical and Bioanalytical Chemistry ,
2020,412(25):6655-6665.

[40] Kim J H,Han S H, Chung B H. Improving Pb*" detection
using DNAzyme-based fluorescence sensors by pairing
fluorescence donors with gold nanoparticles [J]
Biosensors & Bioelectronics,2011,26(5):2125-2129.

[41] Wu P W, Hwang K, Lan T, et al. A DNAzyme-gold
nanoparticle probe for uranyl ion in living cells [J] .
Journal of the American Chemical Society,2013,135(14) :
5254-5257.

[42]Jin B R, Wang S R, Lin M, et al. Upconversion

nanoparticles based FRET aptasensor for rapid and

ultrasenstive bacteria detection [J] . Biosensors and
Bioelectronics,2017,90:525-533.

[43] Liu X M, Luo Y J, Zhang Y, et al. Gold nanoparticle-
mediated fluorescence resonance energy transfer for

analytical applications in the fields of life health and safety

[J]. Talanta,2025,282:127023.

[44] 0Oh E, Hong M Y, Lee D, et al. Inhibition assay of

25



26

Journal of Food Science and Biotechnology

biomolecules based on fluorescence resonance energy

(FRET)
nanoparticles [J] .
Society,2005,127(10)3270-3271.

[45] Bttayri K, Gu Z C, Yang H Y, et al. Recent advances in

transfer between quantum dots and gold

Journal of the American Chemical

DNA aptamer-based fluorescence biosensors from design

strategies to diverse applications and future challenges: a

review [J] International Journal of Biological
Macromolecules,2025,327:147398.

[46] Wang T L, Tao Z H, Qu C, et al. A cerium-based
fluorescent nanosensor for highly specific detection of
glutathione over cysteine and homocysteine [J] . The
Analyst,2021,146(1):283-288.

[47] Xiao B, Zhao R M, Wang N, et al. Integrating
microneedle DNA extraction to hand-held microfluidic
colorimetric LAMP chip system for meat adulteration
detection[J]. Food Chemistry,2023,411:135508.

[48] Chen L F, He J L, Liang H P, et al. A dual-mode
microfluidic chip embedded with photoelectrochemical
sensing and fluorescence imaging for phenotypic analysis
of tumor cells[J]. Talanta,2025,295:128275.

[49]Hu L L, Pan S Z, Song Y. Simply synthesized UCNPs
and AuNPs constructed FRET system coupled with
Fe;0,@ZIF-8 separation assistance for aptamer sensing
multiple organophosphorus pesticides in edible mushrooms
[J]. Microchemical Journal,2024,207:112093.

[50] Majdinasab M, Marty J L. Recent advances in
electrochemical aptasensors for detection of biomarkers
[J]. Pharmaceuticals,2022,15(8):995.

[51]Yang X R, Xu J, Tang X M, et al.

electrochemical DNAzyme

detection of Pb*" ions[J] .

2010,46(18):3107-3109.

Vi ¥, BER B, B HOF, 4% . 3T DNA B§/AuNPs-GO £

S 7 AR 2k KGRI P L)), hHrfe #2021,

49(2):309-317.

Yang R, Kang T F, Lu L P, et al.

detection of Pb*" based on DNAzyme/AuNPs-GO sensor

A novel
sensor for the amplified

Chemical Communications,

—
W
[\

[

Highly sensitive

by square-wave voltammetry [J] . Chinese Journal of
Analytical Chemistry,2021,49(2):309-317. (in Chinese)

[53] Huang Z,Song H,Feng L L,et al. A novel ultrasensitive
electrochemical sensor based on a hybrid of tGO/MWCNT/
AuNP for the determination of lead (1D in tea drinks[J].
Microchemical Journal,2023,186:108346.

[54] Zarei S S, Soleimanian-Zad S, Ensafi A A. An

impedimetric aptasensor for Shigella dysenteriae using a

BE3I4H 2026 5 A | ERE5EYMBARFER

gold nanoparticle-modified glassy carbon electrode [J] .
Microchimica Acta,2018,185(12):538.

[55] Chai M Y. Aptamer based rGO-AuNPs electrochemical
sensors and its application for detection of Salmonella
anatum in food[J]. International Journal of Electrochemical
Science,2022,17(1):220117.

[56] Qaanei M, Taheri R A, Eskandari K. Electrochemical
aptasensor for Escherichia coli O157: H7 bacteria detection
using a nanocomposite of reduced graphene oxide, gold
nanoparticles and polyvinyl alcohol[J]. Analytical Methods ,
2021,13(27):3101-3109.

[57] Yaseen F, Khan M H, Jilani S, et al. Revolutionary

advances in  nanomaterials-based electrochemical
biosensors for precise cancer biomarker analysis [J] .
Talanta Open,2025,12:100509.

[58] Lahcen A A, Slaughter G. Nanomaterial-based

electrochemical sensors for anti-HIV drug monitoring:

innovations, challenges, and prospects [J] . Journal of
Pharmaceutical and Biomedical Analysis,2025,258:116727.

[59] Ben Aissa S,Cass A E G. Systematic optimisation of an

electrochemical sensor for

integrated aptamer-based

cortisol detection [J] . Sensors and Actuators B:
Chemical ,2025,444:138284.

[60] Zhang ] W, Luo L P, Jia C C, et al. AuNPs-mediated
precision assays for pesticide residues based on aptamers:
methodological innovations toward food safety assurance
[J]. Trends in Food Science & Technology, 2025, 165:
105279.

[61]Qi FL,Li HW, Wang Y H, et al. Responsive DNA
hydrogels: design strategies and prospects for biosensing
[J]. Chemical Communications, 2024, 60 (75) : 10231-
10244.

[62] Ma S H, Ren Q Q, Jiang L Y, et al. A triple-aptamer
tetrahedral DNA nanostructures based carbon-nanotube-
array transistor biosensor for rapid virus detection [J] .
Talanta,2024,266:124973.

[63] Rasheed P A, Ankitha M, Pillai V K, et al. Graphene

quantum dots for biosensing and bioimaging [J]. RSC
Advances,2024,14(23):16001-16023.

[64] e fl , 2 &M ALK E , 48, T DNARYUK R &
O R BRE R T & LI]. B 5 ER Y
2,2025,44(6):144-152.

Lu X T, Li J Z, Du X J, et al. Construction of a

Staphylococcus aureus detection method based on DNA

Journal of Food Science and

Biotechnology,2025,44(6) :144-152. (in Chinese)

silver nanoclusters [J] .



