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Abstract

Light absorption has potential as a signal in biochemical analyses due to its simplicity in measurement and interpretational
clarity. Among substances that generate absorption signals, gold nanoparticles possess advantages such as chemical stability,
biological compatibility, and unique optical properties from the localized surface plasmon resonance (LSPR) in the visible
light range. They also exhibit versatility compared to other colorimetric substances effective only for specific target molecules,
as they easily conjugate with various detection active substances like antibodies and aptamers. Particularly due to advantages
such as low cost, ease of particle synthesis, and high environmental stability compared to enzyme-based colorimetric methods,
gold nanoparticles are extensively researched as signal substances in colorimetric assays. This review summarizes various
strategies utilizing gold nanoparticles as absorption signal substances, focusing on recent research. Based on the characteristics
of gold nanoparticles, where the optical property is influenced by particle morphology, literature is classified and reviewed
based on strategies controlling the shape of gold nanoparticles during signal generation. Through this, it is observed that gold
nanoparticles, which have been used as absorption signal substances, continue to be actively researched, affirming their poten-
tial for broad and continuous improvement in the future.
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Figure 1. Schematic representation of colorimetric assays using gold nanoparticles with different mechanisms.
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Table 1. Summary of Colorimetric Assays Using the Absorption of Gold Nanoparticles

Signaling strategy Assay platform

LOD _ Duration of Ref.
signal generation

LFIA 0.2~4.0 mg/mL Instant [15]
LFIA - Instant [16]
Direct utilization of Au nanoparticle LFIA 1000 CFU/mL Instant [17]
LFIA 0.18 pg/mL Instant [18]
Microtube 31.90 pg/mL Instant [19]
Microtube 0.06 pg/mL 2 min [21]
In situ nucleation and growth
Paper device 1.0 mg/L - [22]
Microplate 1.0 pg/mL 2 h [24]
Seed-mediated growth Microplate 0.14 pM 1 h [25]
Microplate 0.22 pg/L 1h [26]
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Table 1. Continued
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Signaling strategy Assay platform

LOD . Duration of Ref
signal generation

Microtube 2.35 CFU/mL 90 min [27]

Microtube 0.004 fM 24 h [28]

Microplate Ag" 0.1 g/L Cr': 0.0024 g/L 20 min [29]

Aggregation Microtube 8 cells/mL 5 min [30]
Microplate 0.08 ng/g 5 min [31]

Microtube 100 uM 5 min [32]

Microplate >15x 107 M 1h [33]

Microplate 4.85 x 10° CFU/mL (4. naeslundii) 90 min [34]

Microplate 0.3 U/mL 10 min [37]

Etching Microplate 80 nM 30 min [38]
Microtube 0.44 pmol/L 25 min [39]
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Figure 2. Schematic illustration of LFIA strategies for BSA detection
by employing gold nanoparticles (GNPs) conjugated with anti-BSA
antibodies. Three combinations of GNPs were used: (a) single-sized
(20 nm); (b) single-sized (50 nm); and (c) mixed-sized (20 nm and 50
nm) GNPs[15].
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Figure 3. Schematic illustration of the conversion of the qualitative serological LFIA to semiquantitative LFIA by using a multiline approach[16].
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Figure 4. (a) The dependence of the cluster Gibbs energy (£G) on the cluster radius according to the classical nucleation theory (CNT). (b) The
principle of nucleation based on LaMer's mechanism of nucleation derived from CNT[20].
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Figure 5. Absorption spectra of gold nanoparticles in serum samples with varied CPZ concentrations. Inset: color analysis and the calibration curve
of the absorbance at 527 nm vs. CPZ concentration|[21].
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%o] 9lo, U] 7] alcohol dehydrogenase (ADH)7| -2l streptavi-
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ARl A9} kst A E Tt & = WA A= 7N AA7NEE-E X3 Ak YRl FEoE ek, wEbA T
Walolt), ol F WAk N T & @Atz 4 Q ez 542 HE A9 At Frkskal, FEE 39
Q35 PN GAE APde] HEE 7‘]5”/‘] 13, As B8/5% 7 A7Z 28 2845 @%Lﬁf@.ag’i‘:}

ofME AdiF oz Edstellvx|7} 22 37 dATkS e s Xuan-Hung Pham ‘5> 52 E}ZIQI rabbit IgGell tisl] Ael7) &k
A L] P A S Eolal HAE 7}"45}0}*— Aol Qe =39 ofe] 72 7 AShE 2 F2Gilver deposition) 0.2 3%
RSkl 7)] A7l 28= = 242 I Ul F/HE TEECh o] H A A et shs AERe RSk th(Figure 6)[25]. $A 2708k A
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T ozfe] HEE 24y PSS FolalFE ek stA7 14 line phosphatase”} A &= o] G111, o] A7} As A 272 A

ojct. A skulj7)] Ad7goll AREE = Ak 2 Z10] A2 5 im % o) 4] 2-phospho-L-ascorbic acidell 2H-&-3l AR ascorbic acid (AA)
FE, & 3 15 nm =7 89 o7F Ba bp Qioh & e £ AT O9 3 AAT AgTE SHAA, AT A 9148 = A
A= A717) o= F4 ©FH(absorption cross-section)©] 4~ oF UAE AAGAIY, Oil A= & Aok 7Nk R 2 Y
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Figure 6. Schematic representation of enzyme-catalyzed Ag growth on Au nanoparticle-assembled structures|25].
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Figure 7. Schematic representation of gold nanorods growth-based multicolor ELISA for ZEN detection compared with the traditional ELISA[26].
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Hrh o]% ZENY ovalbumin®] A= o] wHEolxl AA =% (ZEN-
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o8l EZ7(blocking)¥1A] &2 13+ AE FAE°] ©] ZEN-OVAS}
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2E R Ao Fodt A9l AAZE AAE S itk wEb o
2L AAGRESOA 34 B9 ofo] A&7F FHRkgo] -Aste] 2
o7k o 7kt = vhieutd7) vkt & vhieEtdle] A 3
= Wi zkel vjws)] doako = o] Al o3l 7142l A& v
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o gaf AE= Al FFade] viskE Als® sfAshs ko]t

24. 2 LI=UXI| SEO| 28t = miEe| w5 #8

T edzhs 589 AelA B 0R HA714 b sl electro-
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g e Qlth = WA Fehe W 3 Akl 279 ¥
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Figure 8. Transmission electron microscopy images to show aggregation
of gold nanoparticles on oral bacteria (4. naeslundii, S. oralis, Aac,
and P. gingivalis)[34].
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Figure 9. Schematic illustration of etching-based immunoassay strategy developed by employing gold nanospheres (AuNSs), gold nanorods (AuNRs),

and gold nanotriangles (AuNTs)[35].
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