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ABSTRACT. Gold nanoparticles (AuNPs) have been developed as a colorimetric sensor to detect SARS-CoV-2 with surface
modification using N-ethyl-N'-(3-(dimethylamino)propyl) carbodiimide/N-hydroxysuccinimide (EDC/NHS) and angiotensin-
converting enzyme Il (ACE-2). The gold sources used in the synthesis are produced by PT Aneka Tambang Indonesia (ANTAM)
and commercial gold nanoparticles (AuNPs). This study compares the sensitivity values of ANTAM gold sources and
commercial AuNPs in detecting SARS-CoV-2. The AuUNPs-ANTAM detection test against the SARS-CoV-2 resulted in LoD and
LoQ values of 5.38 ng/mL and 17.92 ng/mlL, in the linearity curve range of 10 — 50 ng/mL, respectively. LoD and LoQ
values of commercial AuNPs for detecting SARS-CoV-2, respectively, are 6.69 ng/mL and 22.31 ng/mL in the linearity curve
range of 10 — 50 ng/mL. Based on the LoD and LoQ values, AUNPs-ANTAM is more sensitive than commercial AuNPs in
detecting SARS-CoV-2 over the same range of linearity curves.
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INTRODUCTION

After appearing in Wuhan, the capital of China's
Hubei  Province, in December 2019, the
unprecedented coronavirus disease 2019 (COVID-19)
has caused significant disruption to the world's health
and economy (Sohrabi et al., 2020). Worldometers
recorded the country with the highest death rate in the
world caused by COVID-19 and Indonesia is in 20th
position.

Various methods have been developed to detect
COVID-19, such as Real-Time Polymerase Chain
Reaction (RT-PCR) (Lan et al., 2020; Li et al., 2020),
Computed Tomography (CT-imaging) (Fang et al.,
2020), Enzyme-Linked Immunosorbent Assay (ELISA)
(Adams et al., 2020) and Lateral Flow Immunoassay
(LFIA) (Wen et al., 2020). However, some of these
methods still have weaknesses, such as the RT-PCR
method requires expensive instrumentation, skilled
personnel, long completion times, complicated
protocols, and the possibility of false negative results
(Munne et al.,, 2021). The CT-imaging method
requires analysis for a long time, high cost, and tends
to have false positives and negatives (Liu et al., 2021).
The ELISA method’s results may be negative because
the fest is too early on the patient, so you must wait a
few days to ensure the patient is infected with the virus.

The LFIA is more expensive than ELISA and LFIA
method test takes a long time on a large scale
(Herawati, 2020).

Due to the shortcomings of the previously
mentioned methods, a selective, fast, cost-effective,
ready-to-use, and ultrasensitive method is needed,
namely the colorimetric method. The colorimetric
method is a direct visual detection method with color
changes when influenced by external stimuli. This
method is common and widespread because of its
simplicity (Besharati et al., 2022).

Gold nanoparticles (AuNPs) are often used for
colorimetric tests because they are easy to synthesize,
low cost, simple, practical, and have unique optical
properties (Karakus et al., 2021). AuNPs have Surface
Plasmon Resonance (SPR) characteristics; changes in
SPR indicate a change in the shape and size of the
nanoparticles. The interaction between AuNPs and the
SARS-CoV-2 virus (the cause of COVID-19) is expected
to change the size and shape of the AuNPs,
consequently changing the color and SPR of the
AuNPs. In the visible light absorption spectrum,
specific SPR AuNPs appear at a wavelength of ~520
nm; this causes the AuNPs solution to turn red.
However, absorption at these wavelengths can shift to
red or blue, which depends on the shape, size, and
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orientation of the nanoparticles, the distance between
the nanoparticles, and the surrounding dielectric
conditions (Ishikawa et al., 1996).

Since the Severe Acute Respiratory Syndrome
(SARS) outbreak in 2002 — 2003, researchers have
found that the SARS-CoV virus (the cause of SARS) can
enter host cells by binding to Angiotensin Converting
Enzyme-2 (ACE-2) as its receptor (Du et al., 2009). The
spike protein is shaped like spikes sticking to the SARS-
CoV virus's surface. Based on biochemical interaction
studies and crystal structure analysis, it has a strong
binding affinity with human ACE-2 (Li et al., 2005).
Binds to the ACE-2 receptor, which helps the SARS-
CoV virus enter its host cell. When compared, the spike
protein of SARS-CoV-2 or the COVID-19 virus has
76.5% amino acid sequence similarities with SARS-
CoV, and their spike proteins are truly homologous (Xu
et al., 2020). This means that the two viruses have the
same way of infecting their host cells.

This research was developing a colorimetric
sensor in which AuNPs were modified with N-(3-
Dimethylaminopropyl)-N’ -ethylcarbodiimide
hydrochloride/N-Hydroxysuccinimide (EDC/NHS) and
ACE-2 to detect SARS-CoV-2. The AuNPs used came
from different gold sources. The gold sources used in
the synthesis are AuNPs from a gold bar with a purity
of 99.99% and commercial AuNPs. This study
compares the sensitivity values of AuNPs from both
sources of gold in detecting SARS-CoV-2 to improve
the effectiveness of virus detection and optimize the
use of raw materials, based on the LoD and LoQ
values in the same range of linearity curve.

EXPERIMENTAL SECTION
Materials

The materials used in this work include a gold bar
with purity 99.99% was obtained from PT Aneka
Tambang Indonesia (ANTAM), aquaregia solution
(HCl 30% Mallinckrodt and concentrated HNO;
Merck), AuNPs (Sigma-Aldrich 752568), tri-Sodium
Citrate Dihydrate (Merck), ACE-2 (Sino Biological),
EDC (=98%, Sigma-Aldrich 03450), NHS (98%,
Sigma-Aldrich 130672), Bovine Serum Albumin (BSA,
>98%, Sigma-Aldrich 05470), Phosphate Buffer
Solution (PBS 1.0 M) and SARS-CoV-2 (2019-nCoV)
Spike S1-His Recombinant Protein (HPLC-verified,
Cat:40591-V08H) from Sino Biological.

Synthesis of AUNPs-ANTAM

HAuCl, 1000 mg/L was prepared by dissolving
1000 mg ANTAM pure gold with 40 mL aquaregia
solution (32 mL HCI 37% and 8 mL HNO;3; 65%) then
added distilled water until volume 1000 mL. HAuCl,
concentration then varied from 0.05 — 0.20 M. The
AuNPs-ANTAM in this work was synthesized by the
solution of HAuCls; added to 0.005 — 0.05 M tri-
sodium citrate in a volume ratio of 1:1 (5mL:5mL) and
heated at 98 °C for 5 — 30 minutes. The color of the
heated solution was observed visually as AuNPs and
analyzed by UV-Vis specirophotometry at a
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wavelength range of 300 — 800 nm. The optimum
condition of AuNPs-ANTAM was used for further work.

Surface Modification of AuNPs with EDC/NHS and
Determination of the Optimal Ratio of AuNPs-
EDC/NHS

Prepare five microtubes, 1 mL of AUNPs was added
into each microtube. Microtube 1 was used as a
control (110 ul of distilled water), while microtubes 2,
3, 4, and 5 were each added with EDC/NHS at a ratio
concentration of 4:1, 2:1, 1:1, and 0.5:1 (10 uL EDC
and 100 uL NHS). Furthermore, the five microtubes
were shaken at room temperature at 200 rpm for 30
minutes. The absorbance of the solution was
measured using a UV-Vis spectrophotometer.

Surface Modification of AUNPs-EDC/NHS with ACE-2
and Determination of Optimal ACE-2 Concentration

AUNPs-EDC/NHS with optimal ratio were prepared
in 5 microtubes (microtube one was added with 50 uL
of distilled water as a control), while microtubes 2, 3,
4, and 5 were each added with 50 uL of ACE-2 with a
variation of concentration of 0.005; 0.002; 0.001 and
0.0005 mg/uL. Next, shake at 200 rpm for 60 minutes
at 37 °C. 10 uL of 1% BSA (m/v) in PBS was added to
each microtube. After that, shake again for 15 minutes
with a speed of 200 rpm at 37 °C. Then analyzed with
a UV-Vis spectrophotometer with a wavelength range
of 300 - 800 nm to determine the optimal
concentration of ACE-2.

SARS-CoV-2 Detection

The SARS-CoV-2 spike antigen was diluted into 10,
20, 30, 40, and 50 ng/mL concentrations. AuNPs
ACE-2 100 uL and SARS-CoV-2 with various
concentrations were put into 96-well plates (AuNPs-
ANTAM, commercial AuNPs, ACE-2 100 ulL and
distilled water 100 uL used as controls), then covered
with aluminum foil and shaken for 10 minutes at 200
rpm at room temperature. The color of the solution
changes to purple, indicating a successful reaction.
Then, it is analyzed using an ELISA Reader at 300 -
800 nm. Absorbance value versus antigen
concentration of SARS-CoV-2 spike is used to calculate
calibration plots, LoD (limit of detection), and LoQ
(limit quantity). The equation used is as follows:

SD = JEI(x1-X)
350

LoD = T

LOQ — 10:D
Notes:
SD = Standard deviation
s = Slope (from the standard curve linear regression
equation)

Characterization

UV-Vis spectrophotometry (Agilent Cary 60) was
used to analyze the absorbance of the AuNPs and
other samples. For Fourier-transform infrared (FTIR;
Thermo Scientific Nicolet iS-10) spectroscopy and field
emission scanning electron microscopy (FESEM;
Thermo Scientific Apreo 2) characterization, the
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samples were dripped onto a silicon wafer of 1 X 1
cm and left overnight. After drying, FTIR measurement
was conducted at a wavenumber of 500 — 4,000 cm™".
For transmission electron microscopy (TEM; Tecnai G2
20S-Twin Function) characterization, copper grids
were dipped in the samples and dried at room
temperature.

RESULTS AND DISCUSSION
Synthesis of AUNPs-ANTAM

AUNPs-ANTAM synthesis was carried out under
optimum conditions by varying the concentration of
HAuCly, tri-sodium citrate, and reaction time. The
higher the concentration of HAuCl,, the more AuNPs
formed; this can be seen from the higher SPR
absorbance value. In Figure 1a. it can be seen that the
HAuCls; 0.20 M has the greatest absorbance at 523
nm. Figure 1b. showed the absorbance of AUNPs with
varying concentrations of tri-sodium citrate; the
highest absorbance was produced at a concentration
of 0.005 M, but the peak was widened. Therefore, the
concentration of tri-sodium citrate used for synthesis is
0.010 M because the resulting SPR peak is narrower.

——0.05 M
—0.10 M
1.0 —015M
—— 020 M
i I
08
';':‘0.?
Og
00 400 500 600 700 800
Wavelength (nm)
1.0
09  (C)
0.8
;;“0.?
g'o.s
=05
m
£
504
P
£0.37%
0.2
0.1

Reaction times were varied from 5 to 30 minutes.
Based on Figure 1c¢, the absorbance reaction times at
30 and 20 minutes are similar. The reaction time to be
elected in the synthesis is 20 minutes because it is
shorter, and the absorbance peak produced is similar
from 30 minutes.

AUNPs-ANTAM was made by mixing tri-sodium
citrate solution at optimum condition (5 mL of 0.010
M) with HAuCl, solution at optimum condition (5 mL
of 0.20 M) into a test tube. The formation of AuNPs
was indicated by a change in the color of the solution
starting from colorless to red wine during the heating
process at 98 °C for 20 minutes. The color change
occurs due to the excitation of the surface plasmon
nanoparticles. Identification of AuNP formation
through UV-Vis spectrophotometer analysis indicated
the presence of a maximum wavelength of around
500 - 600 nm depending on the particle size (Fazrin
et al., 2020). AuUNPs-ANTAM synthesized with sodium
citrate at optimum conditions had a red wine color
with an absorbance of 0.65 and had a surface
plasmon resonance (SPR) wavelength at 523 nm
(Figure 2).
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Figure 1. SPR Spectra of AuNPs at different (A) HAUCl4 concentrations (B) citrate concentration and

(C) reaction time.
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Figure 2. SPR Spectra of AUNPs-ANTAM at optimum condition.

Surface Modification of AuNPs with EDC/NHS and
Determination of the Optimal Ratio of AuNPs-
EDC/NHS

EDC/NHS was used to modify the surface of
AuNPs. The function of EDC/NHS is to activate the
carboxyl groups on the surface of AuNPs so that they
can bind with the amine groups on the antibodies that
will be aftached to the surface of AUNPs (Raghav &
Srivastava, 2016). After AuNPs were modified with
EDC/NHS (AuNPs-EDC/NHS), AuNPs experienced a
decrease in absorbance (Figure 3). The results showed
that the decrease in absorbance was insignificant
(about 17 — 28%), and there was no change in the
color of the AuNPs. That means that after
modification, AuNPs can maintain their physical
properties. The best ratio for adding EDC/NHS is 2:1
because, at this ratio, the absorbance of AuNPs only
decreases by 17%. The smaller decrease in the
absorbance value indicates that the nanoparticles can
maintain  their physical and optical properties
(Widyasari et al., 2022).

Surface Modification of AUNPs-EDC/NHS with ACE-2
and Determination of Optimal ACE-2 Concentration

AuNPs modified with ACE-2 aim to be selective in
detecting SARS-CoV-2. But to combine AuNPs with
ACE-2, it is necessary to do cross-linking because
nanoparticles themselves are metals while ACE-2 is a
biomolecule. The EDC/NHS is an intermediary
between the nanoparticles and ACE-2, where the EDC
initially binds to the carboxyl group, followed by
forming amide bonds with the amino groups on the
surface. NHS is used to stabilize the intermediary in
this cross-linking reaction. After the nanoparticle binds
to ACE-2, this EDC/NHS will be released (Vashist,
2012).

AuNPs-EDC/NHS was modified with 50 ulL of ACE-
2 with various concentrations. The results from the UV-
Vis spectrophotometer analysis in Figure 4 show that
the most optimal concentration of ACE-2 is at a

concentration of 0.0005 mg/uL because it has the
smallest decrease in absorbance compared to the
control only 18%, meaning that AuNPs modified with
ACE-2 can still maintain their optical properties. The
addition of ACE-2 causes a shift in the wavelength to
543 nm, and the color changes to purple.

SARS-CoV-2 Detection

The detection of SARS-CoV-2 was carried out at
534 nm for AuNPs-ANTAM and at 528 nm for
commercial AuNPs. A linear response was noted in the
concentration range of SARS-CoV-2 10 — 50 ng/mL
(Figure 5). Limit of Detection (LoD) is the lowest
amount of concentration of SARS-CoV-2 antigen that
can be detected with a tool while Limit of
Quantification  (LoQ) is the amount of lowest
concentration of SARS-CoV-2 antigen that can be
measured accurately and precisely using equipment or
instrument (Forootan et al. 2017; Santoso et al. 2021).
The AuNPs-ANTAM detection test against the SARS-
CoV-2 resulted in LoD and LoQ values of 5.38 ng/mL
and 17.92 ng/mL, respectively. LoD and LoQ values
of commercial AuNPs for detecting SARS-CoV-2 are
6.69 ng/mL and 22.31 ng/mlL, respectively. Based on
the LoD and LoQ values, AUNPs-ANTAM is more
sensitive than commercial AuNPs in detecting SARS-
CoV-2 over the same range of linearity curves.

Characterization

Characterization with FTIR was carried out on
AuNPs-EDC/NHS samples and after the addition of
ACE-2 (Figure 6) to understand the reaction
mechanism that occurred. Changes in wave number
can be seen in Table 1. After adding AuNPs by
EDC/NHS, a C=0 bond was formed between the
NHS ester and the AuNPs surface (1780 cm™') and the
N-O amine or succinimidyl ester group of NHS (1150
cm'). After reacting with ACE-2, the bond between the
amine and ACE-2 produced a peak for the N-H amide
group (1698 and 1550 cm'). The reaction
mechanism can be seen in Scheme 1.
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Figure 5. Calibration plot of Absorbance of (A) AuNPs-ANTAM (534 nm) (B) Commercial AuNPs (528 nm) versus

the concentration SARS-CoV-2.

The SPR absorption between AuNPs, AuNPs-
EDC/NHS, and AuNPs-ACE-2 was measured using
a UV-Vis spectrophotometer. Based on Figure 7,
AuNPs-ANTAM and commercial AuNPs experienced
a decrease in absorbance peak when adding

EDC/NHS. The addition of ACE-2 causes a decrease
in absorbance and a shift in wavelength; this can be

seen from the color of the solution changing to purple
(Figure 4).
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Figure 6. IR spectra of (a) AuNPs-EDC/NHS (b) AuNPs-EDC/NHS + ACE-2.

Table 1. Wavenumbers (cm™') of AuNPs-EDC/NHS, AuNPs-ACE-2

AuNPs-EDC/NHS AuNPs-ACE-2
3369 3349 O-H stretch of hydroxyl groups
1568 1568 Asymmetric carboxylate stretch
1390 1389 Symmetric stretch!ng of the carboxylate groups
of citrate molecules
1239 1293 Rotation of unbound hydroxyl groups
1780 1777 C=0 NHS ester bound to the AuNPs surface
1150 1149 N-O amine / succinimidyl ester of NHS
1698 .
1550 N-H amide
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Scheme 1. Mechanism reaction of AuNPs-EDC/NHS + ACE-2.
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Figure 7.The difference in SPR absorbance between (A) AuUNPs-ANTAM (B) commercial AuNPS after adding
EDC/NHS and ACE-2 at optimum condition.
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@A) :

Figure 9. TEM images of (A) AuNPs-ANTAM, (B) AuNPs-ACE-2, and (C) AuNPs-SARS-CoV-2.

FESEM images show that ACE-2 and SARS-CoV-2  suggesting that the structural integrity of AuNPs is
were uniformly distributed around AuNPs (Figure 8). maintained even after the incorporation of ACE-2 and
There was no change in the morphology of the SARS-CoV-2. The FESEM images support the
particles after reacting with ACE-2 and SARS-CoV-2  conclusion that the synthesized AuNPs are well-
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dispersed without significant aggregation (Fatimah et
al., 2021; Hidayat et al., 2022). The particle size was
characterized using TEM and calculated using the
Image) application. TEM images reveal the
morphology of AuNPs were spherical with a uniform
size distribution and there was no change in
morphology when particles reacted with ACE-2 and
SARS-CoV-2 (Figure 9). There was an increase in
particle size after adding ACE-2 and SARS-CoV-2. The
particle sizes of the AuNPs-ANTAM, AuNPs-ACE-2,
and AuNPs-SARS-CoV-2 were 21.86 = 5.58 nm,
2699 * 557 nm, and 30.03 = 5.89 nm,
respectively.

CONCLUSIONS

Surface modification of AuNPs with EDC/NHS and
ACE-2 to detect SARS-CoV-2 has been successfully
carried out. Modification with EDC/NHS at a ratio of
2:1 and decrease in absorbance of 17%. In surface
modification with ACE-2, the optimum concentration
of ACE-2 was 0.0005 mg/ulL, with a decreased
absorbance of 18% and a shift in SPR to 543 nm. The
sensitivity of AUNPs-ANTAM and commercial AuNPs to
detect SARS-CoV-2 was determined by LoD and LoQ
values. The AuNPs-ANTAM is more sensitive in
detecting SARS-CoV-2 over the same range of linearity
curves (10 — 50 ng/mL) than commercial AuNPs, with
LoD and LoQ values, respectively, 5.38 ng/mL and
17.92 ng/mL. Meanwhile, the LoD and LoQ values of
commercial AuNPs, respectively, are 6.69 ng/mL and
22.31 ng/mL. Characterization by FTIR proved to be
EDC/NHS and ACE-2 was covalently bound to the
AuNPs surface. The particle sizes of the AuNPs-
ANTAM, AuNPs-ACE-2, and AuNPs-SARS-CoV-2 were
21.86 + 5.58 nm, 26.99 = 5.57 nm, and 30.03 =
5.89 nm, respectively.
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