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Abstract

One of the strategies to overcome the COVID-19 disease is through rapid diagnostic tests using the Reverse-Transcriptase Polymerase
Chain Reaction (RT-PCR) test. The RT-PCR test is a detection and quantification test of nucleic acids, initiated by the pre-analytical
step of purification of the nucleic acids. Purification of nucleic acid requires silica-based materials as a solid phase-extraction matrix or
column. Herein, Silica Coarse (SC) in the form of suspension and powder columns; was prepared from natural Indonesian Kaolinite as
an alternative extraction column to binding RNA of SARS-CoV-2. The RNA binding and releasing ability in SC was enhanced with the
support of chaotropic agents in the form of Na* and Guanidium* as charged-balancing cations, embedded in the silicate layer inside
the kaolinite framework. SC, which has been supported with Na* and Guanidium" respectively, then studied its physicochemical
characteristics using FTIR spectroscopy, X-ray diffraction technique, scanning electron microscopy, and BET surface area and pore
size measurement. This work shows that the modified SC suspension column could extract RNA of SARS-CoV-2 that amplified
better in the RT-PCR test than SC powder columns, with the initial Ct value of all the SARS-CoV-2 specimens in the range < 20.
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1. INTRODUCTION

Since being discovered in December 2019 in the city of Wuhan,
China; the novel coronavirus, better known as Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), has
spread tremendously and developed into the Coronavirus dis-
ease 2019 (COVID-19). The WHO states, that since April
10, 2022, the number of COVID-19 confirmed cases has
reached over 496 million people and over 6 million deaths have
been reported. However, the SARS-CoV-2 virus can quickly
spread through human-to-human interactions, so preventive
and therapeutic strategies are needed to reduce the quick trans-
mission of SARS-CoV-2 and prevent new clusters of COVID-
19-positive cases (Lau and Chan, 2015). One of the strategies
to control the COVID-19 disease is through diagnostic tests,
including rapid antigen tests and RT-PCR tests (I.adha et al.,
2020). Both of those tests take swab specimens from mucus in
the nose and throat. Antigen rapid tests could process speci-
mens relatively fast, but it easily led to false-positivity results
(Sheridan, 2020). The RT-PCR test has the advantage of de-

tecting human pathogens (Yoo et al., 2023; Ding et al., 2024)
in this case, SARS-CoV-2, in real-time through fluorescence
intensity changes in a closed tube that will avoid amplification
manipulation and false results (IHuang et al., 2011). RT-PCR
test also has high reproducibility, analytical quantifications of
nucleic acids, and is easy to use (Gibson, 2006). All of those
advantages made RT-PCR the “gold standard”; or the stan-
dard diagnostic test of SARS-CoV-2 that is applied worldwide
(Teymouri et al., 2021).

The basic principle of the RT-PCR test is similar to tradi-
tional PCR, using denatured target nucleic acids for amplifica-
tion during thermal cycling. The only difference is the fluoro-
metric probes in RT-PCR are used to bind target sequences of
nucleic acid during the annealing phase of PCR (Shen, 2019).
This step demands RNA that has already been purified without
protein, lipid, and other contaminants to give accurate results.
Thus, the swab specimens must undergo a pre-analytical step
first, known as the step of isolation or extraction of nucleic acids.
Nucleic acid extraction methods are classified into two, organic
and inorganic methods (Song et al., 2024; Valiant et al., 2024).
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The organic method uses phenol-chloroform for the extraction,
but at this time the organic method is quite abandoned because
of its toxic chemicals and labor-intensive (Farkas and Holland,
2009). Thus, the inorganic method which is principally based
on Solid-Phase Extraction (SPE) analysis has become the main
choice nowadays. According to SPE concepts, then the mobile
phase is purified nucleic acids and the stationary phase could
be silica matrices, glass particles, magnetic beads, or cellulose
matrices. Among the stationary phases; silica matrices or silica
columns are the most popular due to the ability to purify nu-
cleic acids with high quality, low costs, reproducible, and low
interferences in PCR amplification (Ali et al., 2017; Rimola
etal., 2013). Some of the silica columns used for nucleic acid
extraction consisted of silica thin layers with pore distributions
<0.3 nm (Lee et al., 2011). The presence of chaotropic agents
is an important support for the SiOq column, according to na-
tive conditions from the nucleic acid structure which is covered
by a hydrated shell composed of water molecules. In the form
of ions, chaotropic agents will damage the ordered structure
of hydrated shells so that the nucleic acids will bind strongly
on the silica column and release the nucleic acids (Katevatis
etal., 2017; Zhang and Cremer, 2006). Chaotropic ions are
also able to reduce the stability of proteins so they can denature
RNAse enzymes, protein metabolites, and other contaminants
that will affect the purity of nucleic acids. Further destruction
of the hydrated shells will decrease the hydrophobic effect on
nucleic acids so the nucleic acids will be easily released with
an aqueous buffer and purified nucleic acids will be obtained
(Wicky et al., 2017).

The preparation method of Silica Coarse (SC) as an ex-
traction column for nucleic acids was initiated by Boom et al.
(1990). That prior method was modified in this work by using
natural Indonesian kaolinite as a silica source for its method.
Kaolinite (AlySigO5(OH) ) is a natural aluminosilicate source
classified as phyllosilicates with a 1:1 type structure. It consists
of stacked aluminosilicate layers, one tetrahedral silica layer (T)
fused to one octahedral alumina sheet (O), connected by HyO
interstitials. In the amorphous form, kaolinite often contains
impurities such as metal oxides and organic matter (Frost et al.,
2000; Loganathan et al., 2017). As a natural mineral source;
kaolinite is mostly used as a raw component for functional
materials such as catalysts, biological functional material, and
also for adsorption studies (Gunawan et al., 2020; Baham and
Sposito, 1994). Kaolinite has amphoteric sites on its basal and
edge faces, (Gupta and Miller, 2010) the charge of amphoteric
sites could be either net positive or net negative charged due to
the amount of proton adsorbed on the layer of kaolinite (Chen
et al., 2017; Tombdcz and Szekeres, 2000. In this work, inter-
calation and modification of the amphoteric sites of kaolinite
were reported, using chaotropic agent, Na* and Guanidium”
ions, to develop net positive charged on the amphoteric sites so
it will be bounded with phosphate groups from the nucleotide
chain of SARS-CoV-2 which tend to be negatively charged.
Indonesian kaolinite-based silica extracted from pre-treatment
stages (Abdullah et al., 2020) will go through the SC prepa-
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ration method and be modified through dispersion into 2 M
CH3COONa and 5 M GuSCN solutions; obtained SC-Na*
and SC-Gu", respectively. SC-Na" and Gu* in the form of sus-
pension pellets and powder are then used as a binding column
for the RNA Extraction method of SARS-CoV-2. These are
expected to be an initial formula for further fabrication of silica
columns as a component in the RT-PCR diagnostic test kit.
The result suggests that modified SC (suspension Column) has
tremendous potential in the RNA extraction of SARS Cov-2
since the three RT-PCR signals FAM, VIC, and Cy) can be

detected from sample

2. EXPERIMENTAL SECTION

2.1 Materials and Instruments

The Indonesian kaolinite was provided by PT Aneka Kaolin
Utama, Bangka Belitung, Indonesia. Hydrochloric acid, hydro-
gen peroxide 30%, ethanol, and sodium acetate were purchased
from Merck (Germany). Guanidine thiocyanate was obtained
from Sigma-Aldrich (United States). RNA from clinical speci-
mens of the SARS-CoV-2 virus was provided by the Depart-
ment of Clinical Microbiology, Faculty of Medicine, Universi-
tas Indonesia. The viral nucleic acid extraction kit used in the
RNA extraction method was purchased from QIAGEN (Ger-
many). Characterizations of SC and its derivatives were carried
by FTIR Alpha-Bruker for vibrational spectrum analysis, PAN-
alytical XPert PRO 2318 diffractometer for XRD analysis,
PANalytical Epsilon 1 for XRF analysis, and SEM-JEOL JSM-
6510LA for SEM analysis. For analysis of surface area and
pore size distribution was carried out with Quantachrom-Evo
Surface Area and Pore-Analyzer instrument.

2.2 Pre-treatment of Indonesian Kaolinite

The pre-treatment of Indonesian kaolinite was carried out
based on the previous study Saragi et al. (2019). Indone-
sian natural kaolinite was sieved to a size of <100 um and
then physically activated, purified, and thermally activated into
metakaolin. Physical activation was performed by dispersing
the kaolinite with distilled water (1:3 w/v) under vigorous stir-
ring for 3 h at room temperature, then drying at 110 °C for 24
h. Purification of activated kaolinite was conducted by mixing it
with sodium acetate solution adjusted to pH 5 and a mixture of
30% hydrogen peroxide: dithionite-citrate-bicarbonate (1:10
v/v). Afterward, the purified kaolinite was then subjected to a
thermally activated process into metakaolin through calcination
at 800-1000 °C. Silica extraction was performed by dissolving
metakaolin in aquaregia solutions (HCl: HNOjg with ratio of
3:1 (v/v)) under reflux for 4 h at 100 °C. Extracted silica then
was washed until free from any content of acid and dried at

105 °C for 24 h.

2.3 Preparation of Silica Coarse (SC)

The preparation of Silica Coarse (SC) was referred to a study
by Boom et al. (1990). Silica extracted from metakaolin is then
prepared into Silica Coarse (SC). Before doing the SC prepa-
ration; all glassware, apparatus, and Teflon-autoclave should
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be sterilized first with RNAse away solutions (ratio composi-
tions of ethanol: HC1 0.0001 ppm (1:1 v/v)) to prevent any
inhibition activities from RNAse denaturant (Toni et al., 2018).
The extracted silica was dispersed into 50 mL of distilled water
and precipitated for 24 h at room temperature. The remaining
filtrate was separated, then the silica was dispersed again to
50 mL of distilled water and precipitated for 5 hours. The
remaining 44 mL of filtrate was disposed and 600 ul. of HCI
was added to the precipitated silica. The precipitated silica was
then transferred to a Teflon-lined stainless-steel autoclave (100
mL) and heated at 121 °C for 20 min. This process resulting
the suspension of Silica Coarse (SC) then later modified with
chaotropic agents, CH3COONa and GuSCN.

2.4 Modification of Silica Coarse with CHgCOONa (Na*-
SC) and GuSCN (Gu*-SC)

The preparation of modified SC with chaotropic agents, sodium
acetate and guanidine thiocyanate, was done as follows: first
typically 10 g kaolinite-based SC was dispersed into 300 mL.
of 2 M CHgCOONa and stirred for 6 h at room temperature.
The resulting suspension was then left for 1 h to collect the SC
precipitate, then was re-dispersed in 300 mL. CHgCOONa 2
M and stirred vigorously for another 6 h. The suspension then
left to stand for 24 h at room temperature so that the precipi-
tated SC completely settled down and easily being decantated
to obtain Na*-SC. Half portion of the collected Na*-SC from
this process was used to form suspension columns and the other
half was air-dried to form powder columns. The dried form of
Na*-SC was then calcined at 450 °C for 2 h. The calcination
temperature is selected based on TGA characterization data
(Supplementary Information, S1).

The Gu*-SC was prepared from 10 g dried SC that was
calcined at 450 °C and dispersed into 100 mL 5 M GuSCN.
The suspension was then stirred for 4 h under vigorous stirring,
left to stand for 24 h, and decanted to obtain Gu*-SC precipi-
tate. The precipitate was then autoclaved at 121 °C for 20 min
to obtain Gu*-SC in the form of suspension columns, while
some part was subsequently dried at 100 °C to obtain Gu+-SC
in the form of powder columns.

2.5 Ribonucleic acids (RNA) Extraction Method of SARS-
CoV-2
The Ribonucleic acids (RNA) sample used in this extraction
method was RNA of SARS-CoV-2; which came from the re-
sults of the RT-PCR test conducted at Clinical Microbiology
Laboratory, Faculty of Medicine, Universitas Indonesia. All
of the buffer solutions used in this method were commercial
buffer solutions from QIAGEN-QIAMP® Viral RNA Extrac-
tion Kit, with modified kit instructions. Beforehand, the silica
column was rinsed with washing buffer, to condition its column
so that the chaotropic agents could be bound to the silica sur-
face and weaken the amino acid interactions from remaining
contaminant proteins inside the inactive RNA samples. The
extraction tube was then centrifuged at 12,000 rpm for 1 min.

The RNA of SARS-CoV-2 was bound and released on Na*-
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SC or Gu"-SC column then its sample was amplified under
three RT-PCR detection signals; FAM (SARS-CoV-2 Virus
RNA fluorescence signal), VIC (human host cell RNA fluo-
rescence signal), and Cyb (Mastermix fluorescence signal as
a control). in the amplification kit). Commercial extraction

columns from QIAGEN® were also included in this method
as a control column.

3. RESULT'S AND DISCUSSION

3.1 Preparation of Kaolinite-Based SC and Its Derivatives
with Chaotropic Ions

The raw kaolinite must initially go through pre-treatment meth-
ods which consist of three purification steps, to remove impu-
rities on its amorphous layer. The activated raw kaolinite then
went through the first purification steps with sodium acetate
buffer solutions adjusted to pH 5. This purification process
must be maintained at pH 5 to release carbonate salts to COyq
(Ming and Dixon, 1987; Shackelford et al., 1997). The next pu-
rification step is the dispersion of the kaolinite into 30% HgOyq
solutions aimed to remove natural organic matter that is still
left in the layer or faces. As oxidizing agents, HyOq would de-
crease organic matter by a peroxidic-type reaction without Oq
formations (Mikutta et al., 2005; Watts et al., 2002). Further-
more, several aromatic organic compounds may be removed
by HgOy as well, for example, phenolic compounds adsorbed
to clay were oxidized directly, while those containing groups
tended not to be reactive towards HoOg (Andreozzi et al., 2002).
The series of kaolinite purification steps ended with the dis-
persion into a sodium citrate-dithionite-bicarbonate to allow
the dissolution of iron oxides from kaolinite faces (FEusterhues
et al., 2003; Sokolova et al., 2017). The purified kaolinite was
then activated to metakaolin by the calcination with overall
reactions, expressed by equations below:

Kaolinite Metakaolin

HqyO(g)
Water

During the calcination treatment, as shown by the reaction
above, the dihydroxylation of HyO interstitials molecule in-
side its interlayer will have occurred and decreased strength of
aluminosilicate bond from kaolinite framework (Tironi et al.,
2012). Thus, metakaolin will provide more reactive silica and
alumina so that Si-O-Al bond could be cleaved upon the ex-
traction process with aquaregia solutions in reflux apparatus
(Cheng et al., 2021; Valeev et al., 2021). Based on the XRF
measurement, all of these pre-treatment and extraction process
carried on this work has successfully increased 91-92% SiOyq
content.

Subsequently, the extraction process formed metakaolin
with net negative charged-basal and edge faces due to decreased
AI3* and other impurities ions at low pH conditions. Kaolinite
tends to have negative sites on the basal faces and amphoteric
sides on the edge face (Gupta and Miller, 2010; Kretzschmar
etal., 1997; Chen et al., 2017). These amphoteric sites could
either be negative or positively charged depending on the sys-
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tem’s pH. Meanwhile, the basal faces of kaolinite carried nega-
tive charges owing to the substitutions of the central Al®* jons
on the alumina octahedral layer with lower positive valence
ions (He et al., 2011; Zhang et al., 2018). However, several
studies showed that octahedral sheet in the basal faces also has
amphoteric tendencies (Tombdcz and Szekeres, 2006; Hong
et al., 2007).

The overall negative sites on the basal and edge faces were
balanced by chaotropic cations {from the subsequent treatment
of SC by dispersion into CH3COONa 2 M or GuSCN 5 M
solutions. In this work, the chaotropic cations Na* and Gu*
have dual roles; as substituted ions inside lattice vacancies of
metakaolin-based SC and modify their faces for obtained SC
derivatives which tend to be net positively charged and ex-
pected to bind with PO 3 groups from RNA of SARS-CoV-2

nucleotide.

3.2 Characterizations of SC and Its Derivatives with Chaotropic

TIons (Na* and Gu™*)

Absorbance (a.u)
1

T T T T
4000 3000 2000 1000 0

Wavenumber (cm™)

Figure 1. FTIR Spectra of a. Raw Kaolinite, b. SC, c. Na*-SC,
and d. Gu™-SC

Figure 1 shows FTIR spectra of Indonesian raw kaolinite
(a), metakaolin-based Silica Coarse (SC) (b), Na*-SC (c), and
Gu"-SC (d). It shows that initially Indonesian raw kaolinite
has two sharp peaks between 3700 cm™! and 8614 cm™! which
are assigned to the stretching vibration of hydroxyl groups that
belong to the structural, Si—OH and Al—OH, respectively,
which is a typical character of natural phyllosilicate aluminosil-
icates. Furthermore, there is an observed peak identified as
H—O—H bending vibrations at 1686 cm™! which indicates
the presence of water molecules in the interlayer space in the
kaolinite framework (Stylianou et al., 2018). A broad peak in
the range of 1117 em™ -1004 em™! was identified as Si—-O-Si
asymmetric stretching vibrations and 585 cm™ was identified
as Si—O-Al stretching vibrations.

After calcination treatment to form metakaolin, the two
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sharp peaks attributed to ~Si—OH and ~Al—OH merged into
one broadband at 3700 cm™-8500 cm™!; as shown in SC, Na*-
SC and Gu*-SC in Figure 1. Furthermore, a peak at 585 cm!
which was initially attributed to Si—-O-Al groups disappeared,
indicating the successful pre-treatment or purification methods
for the raw kaolinite (Krisnandietal -,2019) . At the same time,
there is a strong peak at 1066 cm™-1022 em™! which was iden-
tified as asymmetric stretching vibration of Si—O-Si; as seen on
curve b, ¢, and d. Also, on the FTIR spectra of Gu*-SC, there
are high and sharp peaks at 2058 cm™ which are identified
as stretching vibrations S—C=N and at 1660 cm™' which are
identified as stretching vibrations C=N. The appearance of
the two absorption peaks attributed to thiocyanate bonds was
evidence of the existence of GuSCN.

The XRD pattern of raw kaolinite is shown in Figure 2,
while the XRD pattern of all kaolinite-based SC and its deriva-
tives were shown in Figure 8. The XRD pattern of raw kaolinite
minerals before any treatment is represented in Figure 2. The
majority of the mineral phases in kaolinite are aluminosilicate
kaolinite (K) and halloysite (H) phases; while the second phase
consists of silica quartz phase (@-quartz, Q), dickite phase (D),
some Fe oxide compounds, and other impurities (Sagapoa
etal., 2011; Senoussi et al., 2016). The typical peaks of min-
eral kaolinite (K) are found at 12.31°; 21.65°; 24.61°; 26.86°;
35.06° and 38.58°.

Q K = Kaolinite
K H = Halloysite
K Q = Quartz
D = Dickite
)
8
z
z Q
3]
k= H
H K
w i H
U\“‘MMM
r T i T i T T
0 20 40 60 80
2Theta (Degree)

Figure 2. XRD Patterns of Mineral Phases Present in Raw
Kaolinite

The experimental kaolinite-based Silica Coarse (SC) is rep-
resented by Figure 3b, which is modified to its derivatives in the
form of Na*-SC (Figure 3c) and Gu™-SC (Figure 3d). These
experimental spectra correlate well with the simulated theoreti-
cal diffraction of silica quartz from a published crystal structure
(SiOg Quartz, JCPDS 00-046-1045, Figure 3a). The inset fig-
ure in Figure 3a visualizes the crystal structure of SiOg quartz
from metakaolin extraction through a ball and stick model
of the cubic cell. The expected pattern of SiOy quartz from
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Figure 3. XRD Patterns of a. Theoretical XRD Pattern of SiOq
Quartz Simulated by VESTA Based on JCPDS 00-04601045
and Experimental XRD Patterns of b. Kaolinite-Based SC, c.
Na"-SC, and d. Gu™-SC

kaolinite was obtained at 20.96°, 26.69°, 36.63°, 50.23°, and
60.11°. The peaks assigned to the a-quartz phase with specific
indexes (100), (101), (110), (112), and (211) happened because
of the calcination and extraction process (Daou et al., 2020;
Ovyebanjo et al., 2020). Another sodium-containing species was
also found at Na*-SC (Figure 3c), at 18.78°; 29.61°; 30.78°
(Iftitahiyah et al., 2018). The pattern is also in agreement with
the calculated XRD from other kaolinite-based silica quartz
(Tironi et al., 2012). As seen in Figure 3, the degree of crys-
tallinity from SC derivatives decreases along with the addition
of highly concentrated chaotropic agents. Also, some additional
peaks in the Na*-SC and Gu*-SC patterns indicate the pres-
ence of crystalline impurities. This means that the presence
of chaotropic ions can affect SC faces and be nonnegligible
(Rahman et al., 2018).

Morphology from all modified kaolinite-based SC was ex-
amined by SEM. The SEM images of SC (Figure 4a.), display
an irregular layer structure resulting from the aluminosilicate’s
collapsed amorphous structure after a series of pre-treatment
to the layered kaolinite (Margenot et al., 2016). Meanwhile;
SEM images of Na*-SC (Figure 4b.) had a morphology with
few holes on the surfaces which indicates that CH3COONa
addition can affect its surfaces (Fujiwara et al., 2011; Shi et al.,
2018). More detail on SEM images of Gu*-SC (Figure 4c)
shows that the morphology of this modified coarse possessed
rough surfaces and a few sharp-edged particles. This morphol-
ogy structure indicates GuSCN as organic compounds have
already deposited under the SiOq surfaces (Kroger et al., 2000;
Selk et al., 2008).

BET and BJH methods of nitrogen desorption were taken
into account to determine the specific surface area and pore
characteristics of modified SC volumetrically (Djubaedah et al.,
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2020). As observed in all of the isotherm curves (Figure 5a) are
classified as Type 1V isotherms. Especially with the appearance
of a hysteresis loop, the main pore structure of Indonesian
kaolinite-based SC is mesopores. According to Thommes
et al. (2015) the hysteresis loop that is shaped on Na*-SC and
Gu"-SC is classified as the H4 hysteresis loop type which is of-
ten found in aggregated crystals of zeolites, some mesoporous
zeolites, and micro-mesoporous materials. This means that
some of the micropores networks are filled so that both modi-
fied SC surfaces are dominated by larger pores. This came in
agreement with their pore size diameter (Figure 5b), in which
Na*-SC has the highest peak at 4.82 nm and Gu"-SC BJH
distribution pore curve has the highest peak at 4.30 nm. A
summary of the surface area and pore size analysis data for
the entire modified kaolinite-based SC is shown in Table 1.
These results also could be considered to be the factors that
supported the release of RNA from SARS-CoV-2 happened
in the extraction method.

3.3 RNA Extraction Method of SARS-CoV-2 with Na*-SC
and Gu*-SC Column
The RNA extraction method of SARS-CoV-2 started with
suspension columns or wet pellet first, aimed to validate the
proper formula of SC derivatives so that it could be further
implemented in the form of powders (dry pellet). The rela-
tive concentration of SARS-CoV-2 RNA was measured with
UV-Vis Nanodrop2000 Spectrometer before and after the
treatment, the obtained results are in Supplementary Materials,
Table 2. The relative purity of nucleic acids on the UV-Vis Nan-
odrop2000 Spectrometer is indicated by the ratio Aggy/Ags
and Aggo/Aggo. The wavelength of 260 nm (Aggp) is the con-
centration of nucleic acids and 280 nm (Agg) is the protein
contaminant in the sample. Besides, the absorptions wave-
length of Agg is a wavelength range that can identify the pres-
ence of some other chemical contaminants (Shen, 2019).
The principle of the extraction method is to carry out the
binding and releasing of nucleic acids (Esser et al., 2006; Tan
and Yiap, 2009). The released RNA samples were then ana-
lyzed by RT-PCR test, to detect and quantify the fluorescence
signal generated from each PCR cycle (Delidow et al., 1998).
All samples of SARS-CoV-2 RNA used in this study have Ct
value of < 20, this depends on lower Ct values are associated
with a higher probability of positive SARS-CoV-2 viral culture
(Phillips et al., 2022). Ct value could be considered as the
proportional value to the number of nucleic acids on the PCR
cycle (Prada Arismendy and Castellanos, 2011). The results
showed that the extraction method with the suspension col-
umn succeeded in giving a sample that could be detected under
the RT-PCR fluorescence signal. Due to the success of RNA
samples from SC suspension column which could be detected
under RT-PCR, this work also determined the reproducibility
of all modified SC columns through the distributions of scat-
tered dots within the grouped column (Figure 6). This aimed
to evaluate the accuracy and precision between Na"-SC and
Gu*-SC suspension or wet pellet columns, referring to several
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Figure 4. SEM Images of a. SC, b. Na"-SC, and ¢. Gu™-SC
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Figure 5. a. N9 Adsorption-Desorption Isotherms Curve and b. Pore Size Distribution Curve of SC and Its Derivatives

studies that related to this research (Wu et al., 2018). The
quality of measurement of separation methods and chromatog-
raphy in the health sector must refer to accuracy and precision
(Betzetal., 2011). Accuracy is a measure of the closeness of the
experimental value to the actual value from the substance in the
matrix, which in this work is the closeness of the final Ct Value
after the extraction method with initial Ct Value. While preci-
sion is a measurement of the proximity of experimental results
to each other, which in this work is determined with SD value
and the distribution of scattered dots in the grouped column.
Table 2 summarizes the mean and SD Data from initial and
final Ct values from RNA samples released by SC-derivatives
column and QIAGEN. From Figure 6, the reproducibility also
can be represented with resulting stacked scattered dots, not
far apart within its grouped columns.

On the other hand, the overall results of the extraction
method with dry pellet almost entirely gave a negative response
under RT-PCR fluorescence signals or were not detected. Con-
sidering the results with powder column tend to be not de-
tected under RT-PCR device, other indicators are needed to
prove the binding ability of powders to RNA of SARS-CoV-
2. Another indicator is the measurement and analysis of the
entire dry pellet after being used in extraction measurement

by analysis with FTIR-ATR (Attenuated Total Reflectance)

© 2024 The Authors.

40
4 [Initial
. e ¢ FAM
. e VIC
? A o Cys
i _}_ . 3 .
.
' :
304 — o , L 4
o o
o : ® ]
= b 4 * & . s — g+
< *» S —
> * f
|©)] =0t *
20 » *
.
o . .
— A .
—— *
° .
10 —
Tnitial [FAM|VIC] Cy5 [ mmitial [FAM[VIC] cys [ mitial [FAM][vIC] cy5
Na'-SC Gu*-SC QIAGEN

Figure 6. Grouped Scattered-Dot Column From Initial and
Final Ct Value of SARS-CoV-2 RNA

instrument (Dovbeshko et al., 2000; Kelly et al., 2011). This
spectroscopy technique was used to identify if there was any
part of SARS-CoV-2 RNA which bounded to the Na*-SC and
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Table 1. Summary of Surface Area and Pore Volume Distribution of Indonesian Kaolinite-Based SC and Its Derivatives with

Chaotropic Agents

Materials SBET (m?/g)  Smeso (m2?/g) Vtotal (cc/g)  Vmeso (cc/g)  d Pore Size (nm)
SC 154 92 0.13 0.095 3.86

Na+-SC 70 49 0.0040 0.74 4.82

Gu+-SC 48 41 0.0040 0.73 4.30

Table 2. Mean and Standard Deviation (SD) data from Initial and Final Ct Value of RT-PCR Using Variances of Extraction

Column

Extraction Columns Initial Ct Value of Final Ct Value of RT-PCR
RT-PCR (FAM) FAM VIC Cyb
Na"-SC 30.97 + 3.46 32.84 +2.49 30.17+3.71 29.89+2.14
Gu*-SC 17.47 + 3.78 28.69+7.18 22.53+4.30 15.8+0.00
QIAGEN spin-column (Control) 24.05+7.08 26.68 +7.44 25.30+4.92 26.37+6.16

Table 3. The Calculated peak area of PO,3" Vibrations ATR
Spectra from Powder Extraction Columns (Calculated by peak

analyzer feature from ORIGIN Software)

Mean + Standard Deviation (SD) of
Calculated Peak Area

20.43 £8.95
23.10 £ 12.27

Extraction Columns
(in the Form of Powder)

Na*-SC
Gu*-SC

2 =QTAGEN® spin-column
b=Na*-SC column before relcase RNA

¢= Na™-SC suspension after release RNA

d= Powder Columns after release RNA
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Figure 7. FTIR ATR Spectra of a. QIAGEN Spin-Column
and, b. Na*-SC Column Before Used for RNA Extraction
Method Compared to c. Na*-SC Suspension and d. Powder
Column After Used for the RNA Extraction Method.

Gu*-SC dried pellet, through the certain peaks that appear on
FTIR ATR spectra. From the spectra shown in Figure 7, the
SC-derivatives in the form of powder column were proven

© 2024 The Authors.
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Figure 8. PO,? Peak Area Analysis from FTIR ATR
Measurement Through Na"-SC and Gu*-SC Powder After
SARS-CoV-2 RNA Released

to be able to bind the RNA of SARS-CoV-2, but it requires
further optimization to release the nucleic acids to collection
tube. In Figure 7 a-c, no peak appeared, but there is a strong
peak at 1050 em™ on ATR spectra of SC derivatives powder
(Figure 7d) This peak was identified as a symmetric stretching
vibration of PO,?" from the nucleobases of the SARS-CoV-2
virus.

Referring to the semi-quantification study of the relation-
ship between the peak area from the FTIR ATR analysis and
the affinities on the certain materials-based surface (Comeau
and Willett, 2018), the calculation of the average peak area
from the PO,3" vibrations in ATR measurements could be
employed to estimate how much RNA is bound to powders
column. The calculation of the normalized peak area and its
average is available in Table 3 and its diagram is displayed in
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Table 4. Ct Value from SARS-CoV-2 RNA Extracted by Powder Extraction Columns

Powder Extraction Initial Ct Final Ct Value of RT-PCR,
Column Value of RT-  After Extracted by Powder Extraction Columns
PCR (FAM) FAM VIC Cyb
Na"-SC 18.81 - - -
QIAGEN (Control) 20.97 20.78 16.59
Gu'-SC 14.14 28.68 18.75 -
QIAGEN (Control) 16.73 16.81 15.36
Viral RNA lysed
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(contained with RNA nuclease-free water)

Figure 9. Scheme of Proposed Mechanism between RNA of SARS-CoV-2 with Modified-SC Suspension Column or Wet Pellets

Figure 8. The calculation also reveals that Gu™-SC powder
gave a larger peak area than Na*-SC, indicative of the capabil-
ity to bind more nucleic acids. The results were in accordance
with the final Ct value from the RT-PCR test (Table 4). There
is one column of Gu*-SC powder that is capable of provid-
ing a detectable sample under FAM and VIC signals. These
results are in agreement with the Hofmeister Series theory;
that GuSCN is a strong chaotropic agent capable of rapidly
inactivating RNAse enzyme inhibitors. The high molarity of
GuSCN solutions used in the Gu*-SC preparation also reduced
endogenous RNAse activities that otherwise degrade cellular
RNA components (Fuchs et al., 2017; Kunz et al., 2004; Pe-
gram et al., 2010).

From the results gathered and analyzed in this work, a
schematic mechanism of binding and releasing RNA of SARS-
CoV-2 is proposed (Figure 9). This mechanism could explain

© 2024 The Authors.

the reasons behind the feasibility of RNA released from a sus-
pension column rather than from the powder one. The basic
concept of nucleic acid adsorptions on minerals includes three
mechanisms: electrostatic interactions, formation of cationic
bridges, and ligand exchange (Franchi and Gallori, 2004). Re-
ferring to these concepts, it can be related that the first mecha-
nism from this work is in the form of electrostatic interaction
between chaotropic ions and phosphate groups of the SARS-
CoV-2 RNA. The second mechanism is RNA and chaotropic
ions on the basal and edge faces will associate through the
formation of cations bridging. Nucleic acid adsorptions will
be increased along with the high concentrations of cations in
the solution (LLorenz and Wackernagel, 1987). This is one
of the reasons for using CHgCOONa and GuSCN solutions
which have a fairly high molar concentration, 2 M and 5 M
respectively.
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This mechanism is terminated with ligand exchange be-
tween the phosphate (PO,3*) groups of the RNA and the hy-
droxyl (OH") group derived from the aqueous system of the
suspension column. A related study (Hou et al., 2014) de-
scribed that ligand exchange can be one of the important con-
siderations in facilitating the release of nucleic acids from raw
mineral-based surfaces. The exchange between OH-groups
and PO 3 groups helps SARS-CoV-2 RNA be released so that
it can be further analyzed in the RT-PCR molecular test. The
mechanism for the adsorption of SARS-CoV-2 RNA on the
surface of a suspension column or wet pellet is illustrated in
the Figure 9.

4. CONCLUSIONS

A series of work that has been carried out, both including char-
acterizations and RNA of SARS-CoV-2 extraction method,
showed that the modified Silica Coarse (SC) based on the In-
donesian raw kaolinite was successfully prepared and could be
implemented in extraction methods of RNA SARS-CoV-2.
From the results of RT-PCR analysis, the Na"-SC and Gu"-
SC in the form of a suspension column have succeeded in
providing results that can be detected under three RT-PCR flu-
orescence detection signals; FAM, VIC, and Cy5. Meanwhile,
only the Gu"-SC powder matrix can be detected under the
RT-PCR in the powder column. To conclude, all SC deriva-
tives columns have proven to successfully bind the RNA of the
SARS-CoV-2 virus. However, it requires further optimization
to release the RNA from the powder column to be detected
under amplification techniques on an RT-PCR device.
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