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ABSTRACT 

DETECTION OF VIRAL PARTICLES BY USING PROBE-GATED SILICA 

NANOPARTICLES 

Early diagnosis of viral infections at point-of-care location is considered as a critical tool in 

the infection control. Reverse transcription-polymerase chain reaction (RT-PCR) has been a 

commonly employed detection methodology for virus detection, which is utmost importance 

for human health. But RT-PCR is a long process that has many steps. Large-scale monitoring 

projects are also hard because they need complicated equipment and people with a lot of 

experience. Therefore, the aim of this thesis study is to develop a rapid detection method 

working directly with samples taken from the nose and throat of SARS-CoV-2 patients. The 

novel method developed in this thesis based on fluorescein releasing from mesoporous 

MCM-41 type of silica nanoparticles (MSNPs) during hybridization between a conjugated 

complementary single strand oligonucleotide and SARS-CoV-2 RNA samples.  

For this purpose, firstly, mesoporous MSNPs were characterized by TEM to determine 

microstructure, BET to determine pore size and surface area and DLS to detect particle size. 

Then, MSNPs were loaded by fluorescein and capped by specific gene sequences probes 

immobilized on the surface of the nanoparticles. Three target (NSP12, NSP9 and Egene) 

regions selected from SARS-CoV-2 genome and tested with synthetic oligonucleotides. The 

test prototype was optimized in different pH and temperature conditions. Last, the human 

swap samples were used for verification.  

As a result, NSP12 gene-based detection of the SARS-CoV-2 was used to garner the best 

detection yield compared to NSP9 gene and E gene oligonucleotide MSNPs conjugates. The 

optimum target detection time was determined as 15 minutes. The basic pH damaged the 

structure of probe-gated MSNPs. The limit of detection with experiments using patient 

samples was 1.4, Relative Fluorescence Units with 84% accuracy. 

As a conclusion, in this thesis, a generic method based on nucleic acid-gated silica 

nanoparticles to detect SARS-CoV-2 in 15 minutes directly from patient swap samples was 

developed. This nanoparticle-based method could be improved for SARS-CoV-2 variants or 

any kind of different virus genome, including RNA viruses as it is faster, promising for 

sensitive detection, easy to operate, and less expensive than current methods. 
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ÖZET 

PROB-GİRİŞLİ SİLİKA NANOPARTİKÜLLER KULLANARAK VİRAL 

PARÇACIKLARIN TESPİTİ 

Bakım noktasında viral enfeksiyonların erken teşhisi, bulaşıcı hastalıkların kontrolünde 

kritik bir araç olarak kabul edilir. Ters transkripsiyon-polimeraz zincir reaksiyonu (RT-

PCR), insan sağlığı için son derece önemli olan virüs tespiti için yaygın olarak kullanılan bir 

tespit metodolojisidir. Ancak RT-PCR birçok aşaması olan uzun bir prosedürdür. Gerekli 

vasıflı personel ve karmaşık enstrümantasyon, büyük ölçekli izleme çabalarında da zorluklar 

ortaya çıkarmaktadır. Bu nedenle bu tez çalışmasının amacı, doğrudan SARS-CoV-2 

hastalarının burun ve boğazından alınan örneklerle çalışan hızlı bir tespit yöntemi 

geliştirmektir. Bu tezde geliştirilen yeni yöntem, konjuge tamamlayıcı tek zincirli bir 

oligonükleotid ile SARS-CoV-2 RNA numuneleri arasındaki hibridizasyon sırasında 

mezogözenekli MCM-41 tipi silika nanopartiküllerden (MSNP'ler) salınan floresana 

dayanmaktadır. Bu amaçla ilk olarak mezogözenekli MSNP'ler mikro yapıyı belirlemek için 

TEM, gözenek boyutunu ve yüzey alanını belirlemek için BET ve parçacık boyutunu 

belirlemek için DLS ile karakterize edilmiştir. Daha sonra MSNP’ler, floresein ile yüklendi 

ve nanoparçacıkların yüzeyinde hareketsiz hale getirilmiş spesifik gen dizileri probları ile 

kapatıldı. SARS-CoV-2 genomundan üç hedef bölge (NSP12, NSP9 ve Egene) seçildi ve 

sentetik oligonükleotitlerle test edildi. Test prototipi farklı pH ve sıcaklık koşullarında 

optimize edilmiştir. Son olarak, doğrulama için insan sürüntü örnekleri kullanıldı. Sonuç 

olarak, NSP9 geni ve E geni oligonükleotit MSNP’ler konjugatlarına kıyasla en iyi saptama 

verimini elde etmek için SARS-CoV-2'nin NSP12 gen tabanlı tespiti kullanıldı. Optimum 

hedef tespit süresi 15 dakika olarak belirlenmiştir. Bazik pH, prob kapılı MSNP'lerin 

yapısına zarar verdi. Hasta numuneleri kullanılarak yapılan deneylerde saptama sınırı, %84 

doğrulukla 1,4 nispi floresan ünitesi (RFU)'dur. Sonuç olarak, bu tezde, doğrudan hasta 

sürüntü örneklerinden SARS-CoV-2'yi 15 dakikada tespit etmek için nükleik asit kapılı 

silika nanopartiküllere dayalı jenerik bir yöntem geliştirilmiştir. Bu nanoparçacık tabanlı 

yöntem, SARS-CoV-2 varyantları veya RNA virüsleri de dahil olmak üzere her türlü farklı 

virüs genomu için geliştirilebilir, çünkü daha hızlıdır, hassas tespit için umut vericidir, 

kullanımı kolaydır ve mevcut yöntemlerden daha ucuzdur. 
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1. INTRODUCTION 

The main component of infection control is the early detection of virus-related illnesses. 

Traditional virus detection solutions typically call for highly trained individuals and 

sophisticated equipment. In addition, these tests may require expensive consumables and 

could be time and energy consuming. Therefore, quick diagnosis techniques are needed for 

virus identification. The recent Covid-19 pandemic also brought this requirement to light. In 

the current Ph.D. thesis, a sensitive and direct approach for the identification of viruses in 

samples was developed using both synthetic sequence of the Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2) and the swab samples from human subjects. 

Viruses have always been one of the most dangerous things for people's health. For example, 

between 1889 and 1894, the Myxovirus influenzae that caused the Russian flu killed about 

a million people, most of whom were over 50 years old [1]. Then, an outbreak of the H1N1 

virus, also called the "Spanish flu," killed at least 50 million people around the world 

between 1918 and 1919. The unique thing about this pandemic was that it killed a lot of 

healthy people, even those in their 20s to 40s [2]. After that, an Asian flu outbreak caused 

by the H2N2 virus killed between 1 and 1,5 million people between 1957 and 1958 [3]. 

Viruses have also spread among people in recent times. In 2009, H1N1, which is also called 

"swine flu," was first seen in the United States. It then spread to the rest of the world. Also, 

the Centers for Disease Control and Prevention (CDC) said that between 151.700 and 

575.400 people died around the world during the year. It was thought that, around the world, 

80% of deaths happened to people younger than 65 [4]. 

In this context, coronavirus takes important part of modern human history since whole world 

is devastated because of it. There were no flight in the sky, people are locked at home for 

months, even doctors or nurses could not hug their children.  

Coronaviruses are a type of virus in the order Nidovirales. Over the past 20 years, they have 

been the cause of a lot of sickness in the eastern part of the world. For example, SARS-CoV, 

which stands for Severe Acute Respiratory Syndrome Coronavirus, was the cause of the first 

known coronavirus outbreak in 2002. The first time this was said to have happened was in 

China's Guangdong Province, in the city of Foshan [5]. Then, in 2012, the Middle East 

Respiratory Syndrome-Coronavirus (MERS-CoV) became known. After that, an outbreak 
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of SARS-CoV-2, which is also known as Covid-19, was reported for the first time in the 

Wuhan area of the Republic of China in December 2019. The World Health Organization 

(WHO) gave the virus the name Covid-19 (Corona-Virus Disease-2019) on February 11, 

2020, because it was first found in 2019 [6]. In particular, WHO was told in December 2019 

that people in Wuhan City, Hubei Province, China, were getting pneumonia for no known 

reason. Because of this, the illness was seen for the first time in December 2019 during an 

outbreak of pneumonitis in Wuhan, China [7]. 

After the Chinese government and WHO agreed that there was a public health problem, 

which turned out to be one of the worst times in human history, The scientific research found 

a link between the group of people with pneumonia that was found through epidemiology 

and the Huanan South China seafood market in the Wuhan region of China. As soon as the 

symptoms of the disease showed up, chest X-rays (PA) and computed tomography (CT) 

scans were done. It was found that coughing, a fever, chest pain, and acute respiratory 

distress syndrome were all caused by pneumonia (ARDS). After looking into these 

respiratory infections, scientists found a type of Beta-Coronavirus that shared between 75 

and 80% of its genetic sequence with SARS-CoV found in the Middle East in 2002 [8,9]. 

On January 7, 2020, WHO gave the 2019-nCoV acute respiratory disease name to a new 

coronavirus (CoV) whose agent had never been found in humans before [9]. The 

International Committee on Virus Taxonomy (ICTV) named and registered this virus as 

SARS-CoV-2. This made it easy for people all over the world to recognize because it was 

very similar genetically to SARS-CoV, which first appeared in 2002. The illness caused by 

this new virus was given the name "Coronavirus Illness-2019" or "Covid 19" by the WHO 

on February 11, 2020 [9–12]. 

Genomic research showed that SARS-CoV-2 was 88–90% similar to two coronaviruses that 

come from bats and are similar to SARS-CoV (bat-SL-CoVZC45 and bat-SL-CoVZXC21). 

The SARS-CoV-2 virus, which is the cause of the current outbreak, is similar to the SARS-

CoV virus, which caused an outbreak in 2002. SARS-CoV-2 and SARS-CoV share about 

79% of their genes, while SARS-CoV and MERS-CoV share about 50% of their genes 

[9,13,14]. Scientists did a lot of research on Coronaviruses and found that a highly 

contagious and dangerous virus was spread widely from one person to another. However, 

the origin of the intermediate host and how the virus got to humans is still unknown [13,15]. 
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Due to its ability to transfer from person to person, the disease has spread quickly. Due to 

the alarming situation's continuous rapid progression, WHO on March 12, 2020, declared a 

global pandemic [16]. 

1.1. VIRUS 

In the simplest definition, it is possible to define viruses as obligate intracellular parasites. 

The word virus, which means poison in Latin, was first used by the French scientist Louis 

Pasteur. The other Latin meaning of virus is the essence derived from the cell. They cannot 

reproduce by dividing, they must use the host cell and use enzymes. Mature viruses capable 

of infecting living cells are called virions. Viruses were first seen with the electron 

microscope in 1931 by Ernst Friedrich Ruska together with Max Knoll. Viruses are among 

the microorganisms that can infect, just like bacteria, fungi, mycoplasma, rickettsia, and 

chlamydia [17-19]. 

The most important features of viruses are that they contain only one DNA or RNA as 

genetic material. Viruses differ from others in terms of their structure, biological properties, 

and reproduction methods they follow. Viruses are organisms that have a unique 

reproduction method, do not have the necessary organelles for energy production and 

structural synthesis, carry a single type of nucleic acid, and are basically composed of nucleic 

acid and the protein sheaths surrounding it. The sizes of viruses are expressed in units of nm. 

Viruses are generally between 17-300 nm in size. The smallest known virus particle among 

animal viruses belongs to circoviruses and is 17 nm in diameter. The largest virus particle is 

seen in poxviruses with dimensions of 200-300 nm [20-22]. 

1.1.1. Structure of Viruses 

For a light microscope to view viruses, they are extremely small. They are nucleoproteins 

that can only be propagated in living cells and have the power to harm the body. All viruses, 

from single-celled creatures to big plants and animals, are parasitic inside the cell and cause 

sickness in a wide range of living things. There are viruses that can infect humans as well as 

animals and cause diseases like rabies, chicken pox, and flu. Some of them cause disease by 

infecting plants, fungi, bacteria, and mycoplasmas. Each virus is composed of nucleic acid 
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and a protein capsid that surrounds it. Viruses are different from other microorganisms. They 

contain a single nucleic acid, DNA or RNA. No virus has both DNA and RNA. Viruses 

cannot divide and do not form replication structures inside the cell [23]. 

In the basic structure of the virus, there is a nucleic acid and a protein shell named capsid, 

around it, protecting it from external factors. This basic structure is defined as the 

nucleocapsid. The genetic material in the center of the nucleocapsid is composed of DNA or 

RNA structure. The structure that makes up the capsid is capsomeres, which are substructure 

units. Capsomeres are structures of viruses that can be seen in the electron microscope. In 

some virus families, there is an envelope of lipoprotein structure surrounding the 

nucleocapsid [24]. 

In the classification of viruses, their general taxonomic structures are listed; virales, viridae, 

virinae, virus for Species, Order, Family, Subfamily, Genus, and Species, respectively. The 

second principle in classification is to take the nucleic acid genome as the criterion. All 

viruses are classified by considering their 4 characteristics [25]. 

 Nucleic acid (DNA or RNA) in the virion 

 The symmetry of the capsid 

 Enveloped or non-enveloped 

 Dimensions of virion and capsid 

The international authority on the classification and naming of viruses is the International 

Virus Taxonomy Committee (ICTV), which was established in 1971 [26,27]. 

The single-celled microorganisms studied in microbiology can be listed as bacteria, fungi, 

rickettsia, mycoplasma, and chlamydia [27]. As in every cell structure, microorganisms 

contain nucleic acids in DNA and RNA structure, and they have metabolic systems that work 

in a certain order so that they can synthesize the necessary energy and macromolecules in 

the cell (Table 1.1.). 
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Table 1.1. Viruses and other microorganisms [28] 

Feature Bacteria Rickettsia Mycoplasma Chlamydia Virus 

>300nm 

diameter 
+ + + + 

Most are 

less than 

300 nm 

Reproduction 

in the 

inanimate 

environment 

+ - + - - 

Reproduction 

by division 
+ + + + - 

DNA and 

RNA 
+ + + + 

DNA or 

RNA 

Infectious 

nucleic acid 
- - - - + 

Ribosome + + + + - 

Metabolism + + + + - 

Seen with a 

light 

microscope 

+ + + + 

(only 

smallpox 

viruses can 

be seen) 

Ability to 

pass filters 
- - - - + 

 

1.1.2. Morphological Structures of Viruses 

The morphological structure of viruses is defined as virus symmetry. The morphological 

structures of viruses are collected in three groups icosahedral (cubic), helical, and complex 

structure symmetry. In addition to these, there are different morphologies seen in viruses 

such as bacteriophages that infect bacteria and other microorganisms (Table 1.2.). Except 

for the viruses of the Poxviridae family, which can be seen with light microscopes, detailed 

information and images regarding the morphological characters of other viruses could be 

obtained after the discovery of the electron microscope and its use in the field of virology 

[28]. 
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Table 1.2. Morphological features of some DNA and RNA viruses [28] 

DNA Viruses 

Family Diameter (nm) Envelope Symmetry Capsomer 
Sensitivity to 

Ether 

Adenoviridae       70-90  Icosahedral 252 Insensitive 

Hepadnaviridae 42 + Icosahedral ? Sensitive 

Herpesviridae 150 + Icosahedral 162 Sensitive 

İridoviridae 125-300 + Icosahedral 1892 Sensitive 

Papovaviridae 45-55  Icosahedral 72 Insensitive 

Parvoviridae 18-26  Icosahedral 32 Insensitive 

Poxviridae 230x400 + Complex ? 
Sensitive and some 

species insensitive 

RNA Viruses 

Family Diameter (nm) Envelope Symmetry Capsomer 
Sensitivity to 

Ether 

Arenaviridae 110-130 + Helical ? Sensitive 

Birnaviridae 60 - Icosahedral 92 Insensitive 

Bunyaviridae 90-120 + Helical ? Sensitive 

Calicivirade 35-40 - Icosahedral 32 Insensitive 

Coronaviridae 75-160 + Helical ? Sensitive 

Filoviridae 790-970x80 + Helical ? Sensitive 

Flaviviridae 40-50 + Icosahedral ? Sensitive 

Orthomyxoviridae 80-120 + Helical ? Sensitive 

Paramyxoviridae 150-300 + Helical ? Sensitive 

Picornaviridae 25-30 - Icosahedral 32 Insensitive 

Reoviridae 60-80 - Icosahedral 32,92 Insensitive 

Retroviridae 80-100 + Helical ? Sensitive 

Rhabdoviridae 75x180 + Helical ? Sensitive 

Togaviridae 50-70 + Icosahedral 60 Sensitive 

 

Animal viruses have a certain number of capsomeres, protein subunits joined to each other 

by non-covalent bonds around their DNA and RNA. Capsomeres, in viruses with icosahedral 

symmetry, come together in a certain order and thus form a protein envelope around the 
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genome, which is called the capsid. In viruses with helical symmetry, the capsomeres are 

side-by-side on the viral nucleic acid and attached to the genome. Viruses are divided into 

three main parts according to their capsid symmetry. It can be listed as icosahedral (cubic) 

symmetry, Helical symmetry, and complex structure. Most viruses with cubic symmetry do 

not have an envelope in their nucleocapsid [29,30]. 

The viral envelope is found in all animal viruses with helical symmetry, and in some viruses 

with cubic symmetry. The viral envelope is largely composed of lipids. Mature viruses 

capable of infecting living cells are called virions. Virions that have completed their 

maturation development in the cell are surrounded by an envelope during development. The 

source of the envelope is essentially the cell membrane. As the virion leaves the cell, it buds 

through the membrane and is surrounded by an envelope [31]. 

The envelope's main job is to carry the virus's antigenic and biological activities. The viral 

envelope can come from the membrane of the host cell, the Golgi apparatus, the endoplasmic 

reticulum, or the nuclear membrane. This depends on the type of virus. The chemical make-

up of the envelope of a virus is similar to the chemical make-up of the membrane of the cell 

from which it comes. At the same time, there are proteins on the envelope that are unique to 

the virus. Another important thing about envelope glycoproteins is that they help the virus 

attach to the surface of the host cell, stick to it, and get inside the cell [31]. 

1.1.3. Virus Diagnosis 

Rapid, user-friendly, and efficient diagnostic techniques for viral detection are urgently 

needed. The number of viral epidemic diseases has been increasing all over the world in 

recent years. Although there has been a decrease in virus-related deaths in parallel with this 

increase, thanks to the variety of therapies developed, the trend in the number of virus 

outbreaks have been increasing in the last 30 years. Viruses and bacteria are among the 

diseases that cause the most deaths in this period. In particular, diseases transmitted from 

person to person and through insects are increasing. For example, in virus outbreaks, while 

the number of epidemics was below 50 in the 1980s, this number increased to over 1000 in 

2010. On the other hand, non-fatal virus outbreaks also negatively affect human life. For 

example, influenza epidemics often cause long-term societal problems [32]. In addition to 
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social losses and negative effects on human life, it also causes treatment costs and loss of 

workforce [33]. 

Viruses are one of the factors that negatively affect agricultural production as well as 

affecting human health. It also affects people indirectly through food products. In general, 

the detection of epidemic diseases in livestock and agricultural plants is an underdeveloped 

subject in the world, but it is a subject of intense interest [34]. Rapid and precise detection 

of viruses or bacteria in agricultural animals is of primary importance in the prevention of 

new epidemics in both animals and humans [35]. Viruses that threaten the health of animals 

emerge annually, so the struggle made in the previous year is not always effective. The rapid 

diagnosis of the causative virus, which may cause an epidemic at the moment, is the most 

important component of the fight before the epidemic begins. Virus diagnosis can be made 

by detecting the virus directly in the body fluid taken from the area of infection, or by 

detecting the antibodies produced by the immune system. However, direct virus diagnosis 

gives faster and more accurate results. Although diagnostic systems are used for viruses of 

medical importance, there is a need for biosensors that can give results faster and without 

the need for specialized personnel. For agricultural viruses, virus diagnosis systems that can 

make the early diagnosis are not widely used. 

Using the RNA-guided RNA endonuclease Cas 13a, Qin et al. created an automated point-

of-care assay for the identification of Ebola-RNA. The nonspecific refractive products of 

Cas13a were monitored using a fluorometer of the proper size for in situ identification 

following automated microfluidic processes to mix and enhance hybridization. They 

discovered that the identification time for purified Ebola RNA was 5 minutes, and the LOD 

value was 20 PFU/mL which corresponds to 5,45 × 107 copies/mL [36]. For the simultaneous 

detection of the H1N1, H3N2, and H9N2 influenza viruses, Zhang et al. devised a 

microfluidic system based on nucleic acid hybridization in conjunction with a controlled 

micro magnetic field. The detection limits for these three viruses are, respectively, 0,21 nM, 

0,16 nM, and 0,12 nM, and they can be discovered in as little as 80 minutes. The sample 

volume used was 3 µL [37]. 

PCR-based detection methods are also available in the literature. Li et al. designed a real-

time PCR and online fluorescence identification biosensor. The LOD value of the target 

molecule was found to be 1,0 x 102 copies/mL and the analysis time for the HBV virus was 

30 minutes [38]. Using the Ebola virus as a test subject, researchers created a microfluidic 
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system for fluorescence measurements in real-time in a continuous flow-reverse 

transcription PCR apparatus. The chip includes extensive microfluidic channels for 

propagating PCR solutions in zones with varying temperatures. The solution initially 

persisted in the reverse transcription section, where complementary DNA was synthesized 

from RNA, and as it moved through the heat conversion domain, the complementary DNA 

was amplified and recognized in real-time. The maximum number of RNA copies/L for 

identification is 10, and the analysis takes 40 to 60 minutes [39]. To identify the nodavirus 

prevalent in seafood, Lee et al. created a microfluidic chip containing reverse transcription 

PCR, capillary electrophoresis, and optical fiber for online identification. The limit of 

identification was found to be 12,5 copies/μl [40]. 

Bliss et al. came up with a way to separate viruses using PCR and capillary electrophoresis 

[41]. It took less than 3 hours to do the analysis. Ishii et al. made a microfluidic quantitative 

PCR (MFQPCR) that can test the safety of food and water by measuring 11 major human 

viral diseases at the same time. These include the adenovirus, Aichi virus, astrovirus, 

enterovirus, human norovirus, rotavirus, and sapovirus. The MFQPCR method was tested 

on river water in Japan that had been contaminated by waste from a factory. The least amount 

of cDNA/DNA that can be measured is 2 copies/L [42]. Lung et al. made a microfluidic 

device that uses multiple RT-PCR and reverse dot blocking to identify viruses that can cause 

different diseases that can be found in animal feeds and animals. For example, these viruses 

can cause foot-and-mouth disease (FMD), vesicular stomatitis (VS), and swine vesicular 

disease (SVD). 144 clinical animal samples were used to test how well this method worked 

[43]. 

Due to their size, viruses can't be seen with a light microscope. Because of this, there aren't 

many papers about how to identify viruses optically. Still, some groups have come up with 

their own ways to deal with this. Interferometric reflectance imaging is one of them. Using 

this method, Daaboul et al. made a microfluidic chip that can be used with a single particle 

interferometric reflectance imaging system [44] to find Ebola, Marburg, and Lassa Fever 

viruses. Again, the same group made a microfluidic system that can find the virus that causes 

vesicular stomatitis [45]. 

Using a point-of-care application to find viral infections early is a key part of managing 

infections [46]. The current COVID-19 pandemic was a good reminder of how important it 

is to have quick ways to diagnose viruses. Traditional ways to find viruses usually require 
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highly trained staff and expensive equipment. In fact, screening detection programs can also 

prevent diseases caused by the Dengue virus, influenza, and the Human Immunodeficiency 

Virus (HIV) [47]. Since viruses are the smallest infection-causing agents and can't be seen 

with the naked eye, they are hard to grow. As a result, methods for precise diagnosis that 

take time to process and are expensive to use everywhere, such as immunodetection (ELISA) 

or nucleic acid detection (qPCR), were targeted, such as the identification of surface proteins 

or genome amplification [48]. Because of this, other methods, like lateral flow strip tests, 

are needed to find viral illnesses quickly and easily. 

1.2. CORONOVIRUSES 

RNA viruses known as coronaviruses may infect both humans and birds. They may lead to 

serious or minor pulmonary conditions. The common cold is one of the mild varieties. the 

Nidovirales order's family Coronaviridae. The Coronovirinae and the Torovirinae are the 

two subfamilies that make up the Coronoviridae family. There are four genera in the 

coronovirinae family: alpha, beta, gamma, and delta coronaviruses. There are seven human 

coronaviruses: SARS-CoV, MERS-CoV, and SARS-CoV-2 are beta coronaviruses, while 

HCoV-229E, HCoV-NL63, HCoV-HKU1, HCoV-OC43, and HCoV-OC43 are alpha 

coronaviruses. Upper respiratory infections brought on by HCoV-229E, HCoV-NL63, 

HCoV-HKU1, and HCoV-OC43 are often minor. SARS-CoV, MERS-CoV, and SARS-

CoV-2 are more contagious than other viruses. They may cause lower respiratory tract 

infections, exacerbate symptoms, and sometimes result in fatalities [49]. The taxonomy of 

Coronaviruses is shown in Figure 1.1. At the end of 2002, SARS-CoV was declared the first 

global health emergency of the twenty-first century. It was believed that the virus, which 

killed hundreds of people, had never existed before. About ten years later, in September 

2012, the MERS-CoV virus was discovered. It had never previously been seen in either 

people or animals. The WHO China Country Office most recently learned about instances 

of pneumonia with unknown causes in the city of Wuhan in China's Hubei Province around 

the end of December 2019. A novel coronavirus, 2019-nCoV, which has never previously 

been seen in humans, was named as the disease-causing agent on January 7, 2020. Later, 

COVID-19 was used to refer to the 2019-nCoV illness. SARS-CoV-2 was given the moniker 

because the new virus closely resembles SARS-CoV [50]. 
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Figure 1.1. Schematic representation of the taxonomy of Coronaviruses [49] 

1.3. SARS-COV-2: THE MODEL TARGET 

Preliminary research on the SARS-CoV-2 virus has shown that the initial source of this new 

virus may have been wild animals such bamboo rats, raccoons, and snakes sold in the Wuhan 

city seafood wholesale market. 

It is well established that the sources of MERS-CoV and SARS-CoV, respectively, are 

dromedary camels and civet cats, respectively. Finally, research has shown that certain bat 

species may be linked to the SARS-CoV-2 virus in humans [51]. 

SARS-CoV-2 was found in Wuhan, China, and the WHO declared the COVID-19 pandemic 

on March 11, 2020. 

At the NIAID Integrated Research Facility at Fort Detrick, Maryland, SARS-CoV-2 was 

captured and color-enhanced for transmission electron microscopy (TEM) imaging (Figure 

1.2.) [52]. 
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Figure 1.2. Transmission electron micrograph of SARS-CoV-2 virus particles taken from a 

patient [52] 

SARS-CoV-2 may survive outdoors for roughly two hours and is very infectious from an 

epidemiological perspective. The incubation period after a disease typically lasts between 4 

and 8 days, and the quarantine period is at least 14 days long. The SARS-CoV-2 virus poses 

a serious risk of infection to people of all ages. It is believed that elderly individuals have a 

higher risk of contracting SARS-CoV-2 [53]. 

1.3.1. Structure of SARS-CoV-2 

The coronavirus family includes the sense single-strand RNA virus known as SARS-CoV-

2. The complete 29.881 bp SARS-CoV-2 genome (GenBank no. MN908947) has been 

identified through an RNA metagenomic analysis using next-generation sequencing [54]. 

The structure of SARS-CoV-2 is shown in Figure 1.3. 
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Figure 1.3. Description of SARS-CoV-2  by drawing [55] 

29 proteins in total, including 4 structural proteins, 16 nonstructural proteins (Nsp1–16), and 

9 accessory proteins, are expressed by SARS-CoV-2 (Figure 1.4.). The genes S (spike), E 

(envelope), M (membrane), and N all code for structural proteins (nucleocapsid). Accessory 

proteins are encoded by Open Reading Frame (ORF) 3a, 3b, 6, 7a, 7b, 8, 9b, 9c, and 10 [56]. 

Only the N protein binds to the RNA genome while the S, E, and M proteins construct the 

viral envelope. Receptor binding is mediated by the S protein. S1 and S2 subunits are found 

in glycoproteins referred to as S proteins. Viral infection is catalyzed by the angiotensin 

receptor 2 (ACE-2) enzyme in the respiratory tract and the S1 subunit of S proteins. The type 

1 transmembrane protein ACE-2 is expressed by the host epithelial cell. The fusion is then 

allowed by the serine protease TGRBSS2, which makes it easier for the virus to enter the 

cell. Mostly, the e protein directs the assembly and release. The virus's shape is provided by 

the M protein. The N protein shields RNA. Because of the viral polyproteins ORF1a and 

ORF1ab, NSPs (NSP1–16) are produced. These proteins participate in transcription, 

translation, and replication. The primary component of SARS-CoV-2 is RdRp, also known 

as NSP12, which is crucial for the replication and transcription cycles as well as for the 

production of viral RNA [57]. NSP12 is thus the main area of attention for the SARS-CoV-

2 therapy. NSP9 is a part of the replication complex. It is believed that NSP9 protein 

dimerization is necessary for viral replication. However, studies have shown that the 
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interaction between single-stranded nucleic acids (ssDNA and ssRNA) and NSP9 is weak 

and non-specific [58]. 

 

Figure 1.4. SARS-CoV-2 genome annotation [59] 

1.3.2. Life Cycle of SARS-CoV-2 

Angiotensin converting enzyme 2 (ACE2) on ciliated bronchial epithelial cells and type II 

pneumocytes is the surface receptor for SARS-S CoV-2's glycoprotein. The virus enters 

these cells in this manner. The S glycoprotein is divided into S1 and S2 subunits. It is simpler 

for viruses to adhere to their targets when S1 determines the types of cells and the distances 

between hosts. The S2 component joins the viral and cellular membranes. This permits the 

virus to undergo endocytosis and enter the cell. The cell surface-associated transmembrane 

protease serine 2 (TMPRSS2) and cathepsin molecules cleave the trimer S protein when the 

S glycoprotein attaches to ACE2. Important conformational changes that are required for 

infection occur next. The early route and the late pathway are the two entrances to a cell's 

cytoplasm. The virus' membrane and the cell's membrane converge at the cell's surface in 

the first route. The viral particle enters the cell by endocytosis in the late route before joining 

the endosomal membrane. The virus initially releases its RNA genome when it enters the 

cytoplasm. Then, the ORF1a and ORFb genes are translated into pp1a and pp1b, the viral 

replicase polyproteins. The viral replication and transcription complex is made up of non-

structural proteins (nsps), which are then formed from these polyproteins (RTC). Viral 

genomic RNA is copied in defense-membrane vesicles (DMVs). The viral polymerase 

produces a number of subgenomic mRNAs by a process known as "discontinuous 

transcription." The structural proteins of the virus are subsequently produced by the 
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translation of these mRNAs. The S, E, and M proteins are inserted into the viral envelope in 

the ER and Golgi intermediate compartments. The genomic RNA and the N protein combine 

to create a complex (ERGIC). E and M proteins interact with condensates of freshly created 

genomic RNA and N proteins. This results in the assembly of viral particles. These fresh 

virus particles are exocytosed out of the infected cells by this procedure. Exocytosis can 

occur in two different ways: either through the Golgi compartment as in the traditional 

exocytosis pathway, or through the fusion of deacidified lysosomes with the cell surface 

membrane (Figure 1.5.) [60]. 

 

Figure 1.5. SARS-CoV-2 life cycle [60] 

1.3.3. Covid-19 

On February 11, 2020, the World Health Organization (WHO) designated the illness brought 

on by the SARS-Cov-2 virus as "COVID-19" (coronavirus disease 2019). At the end of 2019, 

Wuhan, China, reported the first cases of the disease, which then rapidly swept the globe. 

Beginning in March 2020, when the first positive case was discovered in our nation, this 
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virus, which spreads quickly, began to exist. It spread quickly and is still having an impact, 

albeit less so [61]. 

Signs and symptoms at the start of the disease vary a lot, but many people who have been 

diagnosed with COVID-19 have had the following symptoms at some point [62]. 

• Shivering or a fever 

• Cough;  

• Breathing difficulties or shortness of breath 

• Headache;  

• loss of taste or smell;  

• sore throat;  

• congestion and/or runny nose;  

• nausea and/or vomiting;  

• diarrhea; exhaustion;  

• muscle and/or body pains; 

Depending on how bad the disease is, the symptoms can be different. For example, COVID-

19 patients who are hospitalized more often report shortness of breath than COVID-19 

patients who don't need to be hospitalized [62]. People who have COVID-19 often get 

stomach problems like nausea, vomiting, or diarrhea before their fever and lower respiratory 

symptoms start. In one study, people often said they had lost the ability to smell or taste, 

especially in the third group of women and patients who were younger or in their middle 

years [63]. 

People who are over 50 years old, have chronic diseases like cancer, COPD, diabetes, or 

high blood pressure, and are men are more likely to get COVID-19. Children and young 

adults are more likely to be carriers who don't have any symptoms [64]. 

WHO has been told about 630.387.858 confirmed cases of COVID-19 around the world, 

including 6.583.163 deaths [65]. WHO [66] says that there have been a total of 16.919.638 
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cases in Turkey, with a total of 101.203 deaths. Table 1.3 shows the number of COVID-19 

cases and deaths around the world and for each WHO region. 

Table 1.3. COVID-19 Situation  

Name 

Cases 

(Cumulative 

Total) 

Cases 

(Newly 

Reported in 

last 7 days) 

Deaths 

(Cumulative 

Total) 

Deaths   

(Newly 

Reported in 

last 7 days) 

Global 630.387.858 2.068.515 6.583.163 7.351 

Europe 262.088.023 701.470 2.122.104 2.186 

Americas 180.429.028 379.002 2.859.144 3.414 

Western 

Pasific 
94.824.020 926.732 277.586 1.271 

South-East 

Asia 
60.507.835 46.651 800.640 364 

Eastern 

Mediterranean 
23.168.524 11.118 348.777 62 

Africa 9.369.664 3.542 174.799 54 

1.3.4. Covid-19 and Thalassemia 

In the world, β-Thalassemia is the most prevalent inherited disease. The main treatment for 

β-thalassemia is repeated blood transfusions and iron chelation. In additon, bone marrow 

transplantation can be used to treat some patients. There are also new treatment researches 

such as gene therapy. However,  in a routine treatment, gene therapy is not used yet. 

Thalassemia syndromes are divided into transfusion-dependent and non-transfusion-

dependent thalassemias. In thalassemia, damage may occur in many organs such as heart, 
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liver, lung and endocrine organs due to ineffective erythropoiesis, anemia and iron overload 

[67]. It is also known that there are changes in the natural and adaptive immune system in 

thalassemia patients. For example, deterioration in neutrophil function/chemotaxis and 

monocyte/macrophage phagocytic activity, decrease in natural killer and complement 

system activity, and deterioration in T and B cell functions. These changes in the immune 

system, together with the comorbidities that can be seen in thalassemias, suggest that there 

may be a risk and susceptibility to COVID-19, especially in elderly patients [68].  

Sezaneh H. et al. looked at how often COVID-19 infection happened and how many people 

died from it among people with -thalassemia and sickle cell disease from the start of the 

COVID-19 pandemic to June 15, 2020. COVID-19 is found in 1,34 out of every 100.000 

people with -thalassemia every day. But among people with sickle cell disease, the rate of 

COVID-19 was 17,22 per 100.000 person-day [69]. 

1.3.5. SARS-CoV-2 and Variants 

SARS-CoV-2 variations are separated into "Variants of Concern" (VOC) and "Variants of 

Interest" (VOIs) by the WHO. Unusual occurrences, such as variations in clinical 

presentation, transmissibility, and disease severity, are brought on by variants. It is referred 

to be a VOC if these changes are obvious. However, the modifications are referred to as VOI 

[70] if they are unclear and under study. The WHO recognized five distinct VOCs, which 

are Alpha, Beta, Delta, Gamma, and Omicron, as shown in Table 1.4. The first instances of 

the Alpha variant were observed in the UK in September 2020, followed by those of the Beta 

variant in South Africa in May 2020, the Gamma variant in Brazil in November 2020, the 

Delta variant in India in October 2020, and the Omicron variant in numerous locations in 

November 2021 [70].  
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Table 1.4. SARS-CoV-2 Variants of Concern 

WHO Label Pango Lineage Earliest Documented Samples 
Date of 

Designation 

Alpha B.1.1.7 
United Kingdom, September 

2020 
18.12.2020 

Beta B.1.351 South Africa, May 2020 18.12.2020 

Gamma P.1 Brazil, November 2020 11.01.2021 

Delta B.1.617.2 India, October 2020 11.05.2021 

Omicron B.1.1.529 
Multiple countries, November 

2021 
26.11.2021 

 

The WHO found 8 distinct VOI, including versions of Epsilon, Zeta, Eta, Theta, Iota, Kappa, 

Lambda, and Mu (Table 1.5.). The first reports of the Epsilon variant came from the USA in 

March 2020, followed by those for the Zeta variant from Brazil in April 2020, the Eta variant 

from a number of different countries in December 2020, the Theta variant from the 

Philippines in January 2021, the Iota variant from the USA in November 2020, the Kappa 

variant from India in October 2020, the Lambda variant from Peru in December 2020, and 

the Mu variant from Colombia in January 2021 [71]. 
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Table 1.5. SARS-CoV-2 Variants of Interest 

WHO Label Pango Lineage Earliest Documented Samples 
Date of 

Designation 

Epsilon B.1.427, B.1.429 USA, March 2020 05.03.2021 

Zeta P.2 Brazil, April 2020 17.03.2021 

Eta B.1.525 
Multiple countries, December 

2020 
17.03.2021 

Theta P.3 Philippines, January 2021 24.03.2021 

Iota B.1.526 USA, November 2020 24.03.2021 

Kappa B.1.617.1 India, October 2020 04.04.2021 

Lambda C.37 Peru, December 2020 14.06.2021 

Mu B.1.621 
Colombia, 

 January 2021 
30.08.2021 

 

Figure 1.6. shows the emergengence of SARS-CoV-2 over time.  

 

Figure 1.6. Timeline of variants of SARS-CoV-2 [72] 

The United States Centers for Disease Control and Prevention (CDC) has created a new 

group of variants called "Variants of High Consequencies" by adding to the WHO's 
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definitions of VOC and VOI. This group includes variants in which medical measures are 

insufficient, response to treatment is decreased, and immune response is evident. However, 

there is no variant identified in this group, yet. 

Considering that variants will have a very important role in determining the future of the 

epidemic, the importance of preventing human-to-human transmission becomes even more 

clear. As this transition continues, the probability of new mutations and the emergence of 

new variants in the virus increases. For this reason, countries allocate resources to the follow-

up of variants. For example, USA, follow-up of variants on April 16, 2021, that is, he 

allocated 1,7 billion dollars for genomic surveillance [73]. 

1.3.6. SARS-CoV-2 and Mutations 

RNA viruses often exhibit the greatest mutation rates, ranging from 104 to 106 mutations 

per base pair [74], since RNA-dependent RNA polymerases (RdRp) cannot check for errors. 

On the other hand, the coronavirus family of viruses' exoribonuclease (ExoN) domain is 

known to include a mechanism for detecting errors [75]. Among coronaviruses, the nsp14-

ExoN is likewise well recognized for being relatively stable [76]. Therefore, a modest rate 

of mutation was anticipated at the beginning of the virus's dissemination. However, more 

than 6 million viral genomes have been logged by the Global Initiative on Sharing All 

Influenza Data (GISAID) during the last two years [77]. 

The spike protein was discovered to have undergone its initial mutation a few months after 

the SARS-CoV-2 epidemic [77]. This could be the case since there are so many illnesses 

that can spread globally. Additionally, Gribble et al. conducted studies to demonstrate that 

nsp14-ExoN may be crucial for RNA recombination activities during viral replication, which 

might result in genetic alterations [76]. 

A three-part protein called the spike glycoprotein penetrates the membrane. It is the primary 

protein and the major target of diagnosis and therapy since it explains the pathophysiology 

of the virus and how it selects its host [78]. Therefore, any alteration to the S protein has the 

potential to alter the bacteria's pathogenicity and virulence. Adaptive changes to the S protein 

may further facilitate the virus's ability to propagate, infect the host, and evade the host 

immune system [79]. One of the first mutations discovered, D614G increases the quantity 
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of S-proteins on the surface of the virus, making it more contagious [80]. Glycine replaces 

aspartic acid at position 614 (D614) in this mutation (G614). The variations of Alpha, Beta, 

Delta, Gamma, and Omicron may all include this mutation, which is also highly frequent 

[79]. However, due to their great conservation and moderate rate of change, the M and E 

proteins are also crucial screening indicators for coronavirus infection [81]. All 

coronaviruses have a similar N gene. Because it changes less often than the S-protein, it is 

also more stable [82]. The ORF1a/b gene is in charge of maintaining and duplicating the 

viral genome and produces non-structural proteins (nsp1–16) [83]. In order to boost viral 

replication or treatment resistance, adaptive mutations in the ORF1a/b gene are also known 

to increase the virus's risk. The function of a protein may also be negatively altered by 

mutations in other proteins that interact with it [79]. 

Table 1.6 lists the potentially dangerous mutations on the spike glycoprotein, M, E, and N 

proteins, non-structural proteins, and accessory proteins for the Alpha, Beta, Delta, Gamma, 

and Omicron variants [84]. 
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Table 1.6. Mutations on structural proteins or non-structural proteins for Variants of 

Concerns (VOCs) 

 
B.1.1.7 

(Alpha) 

B.1.351 

(Beta) 

P.1 

(Gamma) 

B.1.617.2 

(Delta) 
B.1.1.529 (Omicron) 

Spike 

H69del, 

V70del, 

Y144del, 

N501Y, 

A570D, 

D614G, 

P681H, 

T716I, 

S982A, 

D1118H 

D80A, 

D215G, 

L241del, 

L242del, 

A243del, 

K417N, 

E484K, 

N501Y, 

D614G, 

A701V 

L18F, 

T20N, 

P26S, 

D138Y, 

R190S, 

K417T, 

E484K, 

N501Y, 

D614G, 

H655Y, 

T1027I, 

V1176F 

T19R, 

E156del, 

F157del, 

R158G, 

L452R, 

T478K, 

D614G, 

P681R, 

D950N 

A67V, H69del, V70del, 

T95I, G142del, V143del, 

Y144del, Y145D, 

N211del, L212I, G339D, 

S371L, S373P, S375F, 

K417N, N440K, G446S, 

S477N, T478K, E484A, 

Q493R, G496S, Q498R, 

N501Y, Y505H, T547K, 

D614G, H655Y, N679K, 

P681H, N764K, D796Y, 

N856K, Q954H, N969K, 

L981F 

Nucleocapsid 

D3L, 

R203K, 

G204R, 

S235F 

T205I 

P80R, 

R203K, 

G204R 

D63G, 

R203M, 

D377Y 

P13L, E31del, R32del, 

S33del, R203K, G204R 

Envelope  P71L   T9I 

Membrane    I82T D3G, Q19E, A63T 

Orf1a 

T1001I, 

A1708D, 

I2230T, 

S3675del, 

G3676del, 

F3677de 

T265I, 

K1655N, 

K3353R, 

S3675del, 

G3676del, 

F3677del 

S1188L, 

K1795Q, 

S3675del, 

G3676del, 

F3677del 

 

K856R, S2083del, 

L2084I, A2710T, 

T3255I, P3395H, 

L3674del, S3675del, 

G3676del, I3758V 

Orf1b P314L P314L 
P314L, 

E1264D 

P314L, 

G662S, 

P1000L 

P314L, I1566V 

Orf3a  Q57H S253P S26L  

Orf7a    V82A, T120I  

Orf8 
Q27*, R52I, 

Y73C 
 E92K 

D119del, 

F120de 
 

Orf9b    T60A 
P10S, E27del, N28del, 

A29del 
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1.3.7. SARS-Cov-2 and Vaccines 

There are many platforms being used to produce COVID-19 vaccines. These include viral 

vector vaccines (replicative and non-replicative), recombinant protein [protein subunit and 

virus like particle (VLP)] vaccines, nucleic acid-based DNA and mRNA vaccines, and 

complete viron vaccines (live attenuated, inactivated) [85]. 

SARS-CoV-2 is grown in cell culture to create inactivated vaccines, which are subsequently 

treated with chemicals to prevent the virus from proliferating. The dormant virus is often 

combined with an adjuvant, such as aluminum, to boost the immune response. Inactive 

vaccinations are administered intramuscularly. You require a biosafety level 3 facility to 

manufacture them. The SARS-CoV-2 inactivated vaccine will trigger the immune system to 

fight additional viral components in addition to the spike protein. The majority of COVID-

19 vaccinations now in use were produced in China and India. The Sinovac firm created the 

Coronavac vaccine in this manner. Because the body cannot produce additional inactivated 

vaccines, they must be administered more than once [85,86]. 

Live attenuated (attenuated) vaccines are created by genetically altering the wild-type virus 

or subjecting it to adverse conditions so that it loses its capacity to spread disease but retains 

its capacity to immunize people. This weaker virus replicates itself in the recipient's body to 

elicit an immune response, but it does not really cause illness. It is well known that the live 

attenuated COVID-19 vaccination enhances cellular and humoral protection against several 

attenuated virus components. Another advantage of live attenuated vaccines is that they may 

be administered nasally. This may prevent the virus from entering by making the upper 

respiratory tract's mucosa immune. However, there are additional security issues with live 

attenuated vaccines, such as the potential for the virus to revert to its wild-type state or 

combine with it. In preclinical and clinical development are a number of live attenuated 

COVID-19 vaccines [87, 88].  

RNA vaccines are vaccines for SARS-CoV-2 that represent a completely new vaccine 

approach. While the Pfizer/BioNTech (BNT-162b2) vaccine was the first mRNA vaccine 

approved for use in humans, it is a technology that has been trialled for more than 20 years 

to develop vaccines against cancer and other infections in humans. In addition, Moderna 

vaccine is mRNA vaccine. In the SARS-CoV-2, the vaccine consists of mRNA encoding the 
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spike protein. The mRNA delivered to the cell is read here and spike proteins are 

synthesized. Instead of giving viral protein to the body as a vaccine, genetic material is given 

to synthesize the protein in question. It is delivered in a lipid nanoparticle (LNP) that 

surrounds the mRNA molecule to protect the easily degraded RNA. Once inside the cell, 

lipases in the cell break down the LNP structure and the mRNA becomes free in the 

cytoplasm. The spike protein synthesized in the cell by reading the codes in the mRNA goes 

out of the cell and creates the desired immunity by stimulating both humoral (antibody) and 

cellular (T cell) immunity. The mRNA remains in the cell cytoplasm and never enters the 

nucleus. Therefore, it does not interact with or integrate with the recipient's DNA and is 

degraded in the cytoplasm within 72 hours. Since mRNA is easily degraded, it must be stored 

at very low temperatures [89]. 

In vector vaccines, RNA is introduced into the body by putting it into living or non-living 

vectors such as adenovirus. Thus, it is aimed that the RNA in question produces the desired 

proteins and those proteins stimulate the immune system [87]. 

In replicative vector vaccines, replicative vectors are produced from attenuated virus strains. 

Replicative vectors stimulate the immune system more strongly because they have the ability 

to replicate in vaccinated individuals. For this reason, the immunity they create is stronger 

than non-replicative vector vaccines[90]. 

Nonreplicative vector vaccines are designed to express the intended immune target viral 

protein using non-replication vectors. Adenovirus is most commonly used in viral vector 

vaccines. Pre-existing immunity to the vector which can reduce the immunogenicity of the 

vaccine is a disadvantage of vector vaccines Sputnik-V and Oxford/AstraZeneca (AZA-

1222) vaccines are examples of viral vector vaccines [91]. 

Viral proteins make up recombinant protein vaccines. Protein subunit vaccinations often 

concentrate on the virus's spike protein or receptor-binding component. To make these 

vaccinations more effective, immunostimulating adjuvants could be required. When a virus-

like particle (VLP) is employed in vaccinations, empty virus shell antigens are used. Due of 

their absence of genetic material, they are not infectious. They can develop a robust 

immunity, but it is challenging to produce them. Recombinant spike proteins, recombinant 

receptor binding domains, and virus-like particle (VLP) vaccines are among the recombinant 

COVID-19 vaccines currently under development [87, 92]. 
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Only 254 of 416.900 recipients of the Pfizer-BioNTech vaccine who received a double dose 

were found to have SARS-CoV-2 infection when the effectiveness of alpha variant vaccines 

was investigated [93]. All of these patients recovered only mildly from the infection.  

Similarly, the effectiveness of Oxford-AstraZeneca, Novovax and Moderna vaccines on 

alpha variant has been reported to be similar to their effectiveness on the original virus 

[94,95,96]. Globally, 12.943.741.540 vaccine doses were administered. 5.444.421.268 

persons were vaccinated with at least one dose and 4.988.424.268 persons were fully 

vaccinated according to WHO [97]. In Turkey, % 93,34 of population over 18 years old 

received first dose of vaccines  and % 85,67 of population received second dose of vaccines. 

Totally, 152.520.042 first second and third doses were applied [98]. 

1.3.8. SARS-CoV-2 Detection 

Fast viral detection technologies were required during the COVID-19 pandemic since 

conventional methods of detecting viruses often call for costly equipment and highly 

experienced personnel. Better imaging and detection techniques are urgently required as 

shown by the rapid worldwide spread of COVID19, which was brought on by the SARS-

CoV-2 virus, and the delayed and often inaccurate testing. Computer tomography (CT), 

single photon emission computer tomography (SPECT), and positron emission tomography 

are all used for virus imaging (PET) [99]. These procedures are expensive, inaccurate, and, 

in the case of CT, can only identify viral infections that have obvious symptoms, such as 

pneumonia or observable lung lesions. In order to diagnose COVID19, CT has therefore 

been used as a supplemental technique in recent years [100]. Enzyme-linked immunosorbent 

assays (ELISA) or reverse-transcription polymerase chain reactions (RT-PCR) are often 

used with immunofluorescence to detect infections and viruses. Currently, RT-PCR is the 

most effective method for locating SARS-CoV-2, but it is a multistep procedure that requires 

purification, nucleic acid amplification, and fluorescence detection. The procedure requires 

a skilled operator, takes a long time, often yields false-negative findings, and is difficult to 

locate in areas with limited resources. As a result, the assay created for this research can 

compete with all of these methods. Since viruses are very tiny infectious organisms that 

cannot be seen with the human eye, finding and cultivating them is difficult. Because 

accurate diagnostic methods like immunodetection (ELISA) or nucleic acid detection (PCR) 
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are costly and take time to implement globally [101], the two aims are surface proteins or 

genome amplification. 

There are several COVID-19 diagnostic approaches in use right now, as well as constant 

advancements and developments such point-of-care (POC) diagnostic kits and biosensors. 

The several diagnostic techniques for identifying SARS-CoV-2 are shown in Figure 1.7. 

[102]. 

 

Figure 1.7. Diagnostic methods SARS-CoV-2 [102] 

There are currently three ways to diagnose SARS-CoV-2: computed tomography imaging 

of the chest, virus RNA identification, or immunoassay of blood antibodies produced after 

infection. The SARS-CoV-2 viral RNA is often discovered using nucleic acid hybridization 

or PCR methods. First, a swab sample is obtained. Several molecular methods, including 

reverse transcriptase real-time PCR (RT-PCR), loop-mediated isothermal amplification-

based assay (RT-LAMP), next-generation sequencing (NGS), clustered regularly 

interspaced short palindromic repeats (CRISPR), and droplet digital PCR, can be used to 

detect SARS-CoV-2 after it has been introduced. The gold standard during the Covid-19 
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epidemic was RT-PCR. Blood samples are also used for serological assays such as ELISA, 

Lateral Flow, and Chemiluminescence Immunoassay. The most used technique in 

immunology and serology for identifying viral antibodies or antigens is ELISA [102]. 

RT-PCR-dependent detection has mostly been used to find virus genomes because it is a 

very reliable method. Large-scale monitoring is hard to do with this technology because of 

how long the process takes, how low the viral load is, how inaccurate the samples are, and 

how specialized workers and complicated equipment are needed. This can lead to false-

negative results. 

The Centers for Disease Control and Prevention (CDC) and WHO [103] say that urgent cases 

of SARS-CoV-2 should be tested quickly. A quick diagnosis is needed to stop the spread 

and limit the number of people who get sick. Because of this, other quick tests have been 

made. Here, a mesoporous silica nanoparticle-based biosensor was supposed to be made by 

focusing on the SARS-CoV-2 genome's NSP12, NSP9, and E genes. This was done to get 

around some problems with RT-PCR. 

A generic detection approach based on the direct detection of viral nucleic acid was 

developed in this work using CoV-2 viral RNA as a proof-of-concept model for all RNA 

viruses. 

The majority of the time, clinical samples from the upper respiratory tract were tested for 

the presence of SARS-CoV-2 using nasopharyngeal swab collections [104]. With this 

technique, 45,5% of nasopharyngeal swabs and 71,3% of lower respiratory tract swabs 

yielded positive findings, but none in the urogenital tract. Because it is a highly dependable 

approach, RT-PCR was used. Since swab samples were treated before PCR, the findings' 

accuracy was not very excellent. The technique itself is a challenging operation that can only 

be completed by skilled laboratory personnel in order for the test to be effective and to 

prevent errors with the samples. Although RT-PCR is a reliable method for detecting SARS-

CoV-2 [103], the CDC and WHO have been working to develop accurate assays that are 

simple to use and comprehend. A prompt diagnosis is required to halt the spread and reduce 

the number of cases. These features have enabled the development of several innovative 

techniques for diagnosing SARS-CoV-2. Here, we demonstrate that, despite the limitations 

of RT-PCR, mesoporous nanoparticles may be employed to create a biosensor that can 

rapidly and precisely detect SARS-CoV-2. 
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Applications of nanotechnology in the medical field have had a considerable influence on 

diagnostic and monitoring instruments. To perform the test and avoid sample errors, the 

technique itself is a challenging process that requires the assistance of trained laboratory 

professionals. The CDC and WHO have pushed for the development of rapid, simple-to-use 

tests that are reliable for diagnosing SARS-CoV-2 despite the fact that RT-PCR is a powerful 

method for detecting SARS-CoV-2 [103]. An early diagnosis is essential to halt transmission 

and control the progress of the disease. As a consequence of these variables, many SARS-

CoV-2 diagnostic techniques have recently been created. Here, we show a mesoporous 

nanoparticle-based biosensor for rapidly and precisely detecting SARS-CoV-2 despite a 

number of issues with RT-PCR. For bacteria in food specimens, on environmental samples, 

and in vivo utilizing animal-infection models with Staphylococcus aureus, antibiotic 

delivery using aptamer-gated mesoporous silica has been reported [105–109]. Similar to this, 

mesoporous apertures that may house infections were closed off by DNA probes. The limit 

of detection (LOD) for Listeria monocytogenes using lateral flow biosensors based on 

aptamer-gated mesoporous silica was fewer than 100 cells in this setting, according to a 

recent research [110]. Another example uses a mesoporous silica-based solution biosensor 

with nuclease-sensitive oligonucleotide probes to directly detect S. aureus in blood samples 

[111]. Additionally, it has been said that single-stranded DNA probes have been utilized to 

detect mutations in a variety of targets, such as ions, mRNA, and genomic DNA [112–114]. 

We previously discussed the use of DNA probe-gated mesoporous silica nanoparticles in a 

nanosensor for the detection of thalassemia mutations [115]. Similar results by Ribes et al. 

[116] suggest that micro RNA (miRNA) may be detected by oligonucleotide-gated silica 

nanoparticles at 0,25 pM. The researchers immobilized probe DNA sequences 

corresponding to miRNA-145 to cover the mesopores of silica nanoparticles that were 

fluorescent in their study. 

When used in clinical and scientific contexts, fluorescence-based sensing and imaging offers 

special advantages such high sensitivity, high temporal resolution, the availability of 

biocompatible imaging agents, and the fact that it is noninvasive [117]. The most popular 

kind of sensors nowadays are fluorescence-based optical biosensors [118]. This is due to the 

market's availability of various fluorescence probes, premium optical fibers, and 

complementary optical equipment. Fluorescence is an inexpensive and accessible instrument 

since it doesn't need much electricity to start working. A smartphone-sized gadget was used 
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in a research to take photographs of fluorescent nanoparticles and viruses. It must overcome 

issues like photobleaching, artifacts brought on by the orientation of transition dipoles, and 

the difficulty of multiple target molecules emitting visible fluorescence signals before it can 

be utilized to detect viruses [119]. 

The intensity, energy transfer, lifespan, and quantum yield of fluorescent biosensors may all 

be used to detect viruses [120]. Forster resonance energy transfer is often employed in these 

biosensors to identify small interactions (10 nm) between an analyte and a fluorophore 

(FRET). By using FRET, radiation from a donor is absorbed and transmitted to an acceptor 

without releasing any radiation [121]. FRET microscopy is a helpful technique for imaging 

and detecting in the biological sciences as a result of recent advancements in FRET research 

and optical technology [122]. 

Depending on the wavelengths at which the sensors are activated and the time at which they 

emit light, the fluorescence emission from those sensors may either be upconverted or 

downconverted. When the wavelength of the radiation is less than the wavelength of the 

excitation, upconversion occurs (antiStokes shift). Autofluorescence may be decreased, 

sample penetration can be made deeper, the signal-to-noise ratio can be raised, and 

biosensing can be made more chemically and physically stable by converting near-infrared 

excitation wavelengths to shorter visible wavelengths. The most typical kind of linear 

fluorescence is down conversion. Longer wavelengths than those utilized to excite the light 

are created using fluorescent light. In this investigation, down conversion fluorescence was 

employed. 

A colorimetric test with sufficient specificity for the N-gene (nucleocapsid phosphoprotein) 

of SARS-CoV-2 was created using gold nanoparticles and capped by thiol-modified 

antisense oligonucleotides. The quantity of virus injected may have an impact on how well 

it performs, however it showed promise for the selective and visual naked-eye diagnosis of 

COVID-19 (10 minutes) [123]. When the target RNA sequence of SARS-CoV-2 was 

present, thiol-modified antisense oligonucleotide-capped gold nanoparticles clumped 

together more and the surface plasmon resonance altered (SPR). Additionally, the RNA 

strand and the RNA-DNA hybrid might be separated using RNaseH. As a result, additional 

gold NPs would condense and precipitate out in the solution. At a LOD of around 0,18 ng 

L1, the test was utilized to determine how effectively it could distinguish MERS-CoV viral 

RNA from SARS-CoV-2 viral RNA. This research demonstrated that SARS-CoV-2 may be 
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distinguished and seen using simple experimental techniques. The test used in this research 

outperforms similar assays in that it provides data straight from swab samples while 

maintaining the same degree of sensitivity. 

Graphene nanostructures, organic conjugated polymer nanoparticles, carbon dots (CDs), and 

other light-emitting substances known as fluorophores are only a few examples of the 

fluorophores used in fluorescence-based optical biosensors [124]. QDs are very tiny particles 

(1–10 nm in all three dimensions) having distinctive optical and electrical characteristics. 

They are also known as "colloidal semiconductor nanocrystals." Due to quantum 

confinement, the wavelengths of QD emission may be altered from the ultraviolet to the 

near-infrared. Quantum yield, photostability, the capacity to alter the wavelength of their 

emissions, Stokes shift, and the shape of their absorption and emission profiles are just a few 

of the reasons that QDs outperform small molecule organic dyes. They are now among the 

materials for fluorescence sensing that have received the most research. Numerous research 

have examined their potential as fluorescence biosensors. For instance, single viruses have 

been tracked in a lab environment using this material's strong photoluminescence, wide 

emission spectrum that can be tailored for size, and photochemical stability. To create azido-

derivatized NIR QDs that could be dissolved in water and were used to monitor and 

photograph the avian influenza H5N1 pseudotype, Pan et al. swapped out the hydrophobic 

ligands that naturally occur in quantum dots with multidentate polymer ligands with 

imidazole pendant groups [117]. Water-soluble QDs were applied to the virus particles using 

biorthogonal chemistry, a chemical technique that doesn't obstruct normal biological 

functions. By tagging the animals, it was feasible to monitor viral respiratory illnesses 

without endangering the animals. A bionic test was developed in another research to identify 

thrombin activity, a marker for conditions including thrombosis, hemophilia, 

atherosclerosis, and inflammation. This test is based on peptide-modulated CdTe QD 

aggregation, in which the surface charge of CdTe QDs is controlled by the hydrolysis of a 

thrombin substrate peptide [125]. However, the majority of QDs include hazardous 

compounds, which poses a significant threat to their in vivo long-term toxicity. As a result, 

new environmentally friendly light-emitting nanomaterials have been created, including 

carbon dots and conjugated polymer nanoparticles (CP NPs) [126]. It is more difficult to 

visualize these things, albeit [127]. In this investigation, a fluorophore compound was 

utilized as a reporter molecule. 
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It is crucial to learn as soon as possible about COVID-19. In order to lessen the likelihood 

of serious issues, it is generally vital to acquire a diagnosis as soon as feasible. The majority 

of the time, severe COVID-19 infections are associated with potentially fatal risk factors 

including age and immunological status. For instance, those who are older or have weakened 

immune systems are more susceptible to significant health issues. A very high risk of 

developing a serious illness from COVID-19 exists in those who take medications that 

impair their immune systems or who are receiving treatment for cancer. A moderate risk of 

illness exists in people over 65, as well as those who already have diabetes, renal disease, or 

asthma. In order to prevent the condition from becoming worse and preserve lives, medical 

care must begin immediately [128]. 

1.4. AIM OF STUDY 

The objective of this research was to develop a biosensor based on a DNA probe that could 

quickly and accurately identify the NSP12, NSP9, and E genes of the SARS-CoV-2 genome 

from samples obtained from the nose and throat. The viral RNA in the samples binds to 

DNA oligonucleotide probes that are affixed to the surface of mesoporous silica 

nanoparticles that are loaded with fluorescein molecules in this procedure. Due to the 

hybridization and release of fluorescein molecules from the target RNA region in the 

samples and the probe oligonucleotides, the fluorescence signal is produced (Figure 1.8.).  
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Figure 1.8. Comparing the approach for SARS-Cov-2 detection put out in this thesis with 

the conventional PCR-based method. (A) RT-PCR can be used to process samples from 

Cov-2-infected individuals by converting viral RNA to cDNA, which is then applied to the 

PCR amplification of particular areas. (C) Infected patients' nasopharyngeal swab samples 

were used to quickly identify the virus using a molecular diagnostic biosensor 
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2. MATERIALS 

2.1. INSTRUMENTS 

The following are the tools used in this study:  

• Precision Balance (Ohaus) 

• Orbital Shaker (Alfagen) 

• Ultrasonicator (Isolab)  

• Centrifuge (Labnet PrismTM Microcentrifuge) 

• Zetasizer (Malvern Nano ZS) 

• FTIR (Thermo Scientific, NicoletTM iS50 FTIR- OMNIC 0.9, ATR). 

• Fluorescence Microplate Reader (Thermo Scientific) 

• Transmission electron microscopy (TEM) (JEM 2100 Plus Electron Microscope, 

Jeol) 

2.2. EQUIPMENT 

The following list of laboratory tools was used in this study: 

• Automatic pipettes 1000 µl, 200 µl, 20 µl, 10 µl and their tips 

• Polypropylene Centrifuge Tubes 50 ml, 15 ml, 1,5 ml 

• 96-well plate 

2.3. CHEMICALS 

• MCM-41 type (hexagonal) mesoporous silica nanoparticles (Sigma-Aldrich) 

• 99,8% Acetic Acid Glacial (Sigma-Aldrich) 
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• Ethanol Absolute (Sigma-Aldrich) 

• (3-Aminopropyl)triethoxysilane (APTES)  

• Fluorescein 

• Phosphate Buffered Saline (PBS) 

The DNA or RNA molecules were created by Sentromer (Istanbul, Turkey). Table 2.1 

contains a list of the hybridization probes used in the experiments. The complementary DNA 

molecules are the positive strand of SARS-CoV-2 RNA, whereas the probe oligonucleotides 

are the complementary sequences to SARS-CoV-2 RNA. 

Table 2.1. Sequences of the hybridization probes and oligonucleotides utilized in this study 

Probe  Sequences 

NSP12PROBE 5'- TAC CGG CAG CAC AAG ACA TCT -3' 

NSP12COMP 5'- AGA UGU CUU GTG CTG CCG GUA -3' 

EPROBE 5'-CGA AGC GCA GTA AGG ATG GCT AGT GT-3' 

ECOMP 5'-ACA CUA GCC AUC CUU ACU GCG CUU CG-3' 

NSP9PROBE 5'- CCT ACC TCC CTT TGT TGT GTT GTA GTA AGC TAA CGC 

AT-3' 

NSP9COMP 5'- UG GCG UUA GCU UAC UAC AAC ACA ACA AAG GGA GGU 

AGG -3' 

 

The University of Health Sciences Kartal Dr. Lutfi Kirdar City Hospital's ethical committee 

gave its approval to this study under reference number 2021/514/202/45. The Declaration of 

Helsinki was followed when conducting the study. All patient samples were taken using 

blind sampling (no names). 
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3. METHODS 

3.1. CHARACTERIZATION OF MCM-41 NANOPARTICLES 

In this study, MCM-41 type of mesoporous silica nanoparticles was used. First of all, the 

characterization of this nanoparticle was done by using different techniques. 

3.1.1. Transmission Electron Microscope (TEM) 

Firstly, 0,00001 g MCM-41 powder were weighed. 10x, 100x and 1000x MCM-41 particles 

were prepared inside PBS. MCM-4 particles were sonicated for 10 minutes and filtered. 10 

µl sterile water was added onto front part of TEM grid waited for 2 minutes then water was 

taken with filter paper. Again, 10 µl sterile water was added onto front part of TEM grid 

waited for 2 minutes then water was taken with filter paper. After that, sample was applied 

by drop-casting method onto copper carbon grid and waited until dry (Figure 3.1.). 

Transmission electron microscopy (TEM) analysis was done at 120 mV. 

 

Figure 3.1. The grid preparation for the TEM characterization with MCM-41 nanoparticles 

In addition, MCM-41 particles were also prepared in ethanol with ultrasonically processed 

for 10 minutes and filtered. Transmission electron microscopy (TEM) analysis was done at 

120 mV (JEM 2100 Plus Electron Microscope, Jeol). 
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3.1.2. Dynamic Light Scattering (DLS) 

A zeta sizer was used to figure out the hydrodynamic radius and zeta potential of the 

nanoparticle (Malvern Nano ZS). Sample tubes were sonicated for 15 minutes before the 

zeta sizer was used to measure them. For the DLS study, the sample was put in a sizing 

cuvette that could be thrown away. For all of the data processing, the viscosity of the 

solution, the refractive index of the particle, and the refractive index of the solution are all 

set to 0,8872 cp, 0,20, and 1,330 respectively. For each measurement, 15 runs were done, 

and each run took 30 s. The three measurements were taken three times for each sample to 

figure out how far off the measurements were (45 runs for each sample). All DLS 

measurements showed that there was only one peak. For optimization, phosphate-buffered 

saline (PBS) solutions were used to measure MCM-41 nanoparticles at different pH and 

temperature levels. Then, fluorescein was added to MCM-41 nanoparticles, which were 

topped with a probe made from one of three gene sequences (NSP9, NSP12, or E). After 

putting probes on the surface of the nanoparticles and making them stay there, the size of 

these probe-capped nanoparticles was measured by DLS in PBS solution at different pH and 

temperature levels to find the best conditions for synthesis. So, the nanoparticles were made 

at 25oC and a pH of 7,4 for the all-synthetic probe-releasing tests and the patient swap sample 

tests. So, 0,05 g of MCM-41 nanoparticles were mixed in PBS with a pH of 7,4, and the 

mixture was then looked at to plot the intensity vs. the size of the nanoparticles. The software 

on the instrument figured out automatically the average hydrodynamic diameter and zeta 

potential of the silica nanoparticles' surfaces. 

3.1.3. Fourier Transform Infrared Resonance (FTIR) 

0,05 g of MCM-41 powder was weighed in a tube. The tube was covered with aluminum 

foil. Then, 1 ml of 95% ethanol which also included 5% and 1 mM of acetic acid was added 

and mixed on shaker for 1 hour at room temperature. For FTIR analysis, 10 µl sample was 

taken from the tube after 1 hour incubation, and measurement was done. After that, 30 µl of 

3% (3-Aminopropyl) triethoxysilane (APTES) was added to the mixture and then incubated 

all night under mixing. To find NH- group addition on nanoparticles, FTIR analysis was 

again applied after the amine functionalization (NicoletTM iS50 FTIR- OMNIC 0.9, ATR). 
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3.1.4. Brunauer-Emmett-Teller (BET) Analysis 

BET analysis was carried out to investigate the size of the mesopores of the synthesized 

silica nanoparticles and surface area determination (Micromeritics -TriStar II Plus). 

3.2. PREPARATION OF PROBE-GATED SILICA NANOPARTICLES 

3.2.1. Synthesis of Amino Grafted MCM-41 Particles 

At room temperature, 0,05 g of MCM-41 powder was mixed with 1 ml of 95% ethanol that 

had 5% and 1 mM of acetic acid in it. This was done for an hour. The mixture was given 30 

µl of 3% (3-Aminopropyl) triethoxysilane (APTES), and it was left to sit overnight while 

being stirred. During the 5 minutes of centrifugation (14.000 rpm), the solution was washed 

three times with 1X PBS (0,01 M phosphate-buffered saline; NaCl-0,138 M; KCl-0,0027 M; 

pH 7,4). After the last centrifugation, this tube was dissolved in 1 ml of PBS and marked as 

B1 (Figure 3.2.). 

3.2.2. Loading with Fluorescein 

The 10 µl of amino-modified nanoparticles from the B1 tube were dissolved in 190 µl of 1X 

PBS (pH:8) (Figure 3.2.). The 100 μM fluorescein sodium salt was then added to the 

dissolved nanoparticles. All night, the mixture was kept while being stirred. 

 

Figure 3.2. The synthesized fluorescein probe gated MCM-41 nanoparticles (B1 Tubes)  
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3.2.3. Capping with Synthetic SARS-CoV-2 Probes 

Last, 2 μl of 1 μM SARS-CoV-2 complementary sequences (E probe, NSP12 probe, and 

NSP9 probe) were attached to the fluorescein-loaded silica nanoparticles in the PBS buffer 

(Table 2.1). The four tubes with the different probes were put on the shaker at room 

temperature and left there all night. 

1. Tube = 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + NSP12 probe 

2. Tube= 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + NSP9 probe 

3. Tube = 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + E probe 

4. Tube (Control) = 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + NSP12 probe 

With 100 μl (1X) PBS buffer, the particles were thoroughly washed three times during 

centrifugation (14.000 rpm, 5 min.). From the differences in the spectra of the starting and 

final concentrations, the probe's entrapped fluorescein quantities were calculated (Excitation 

460, emission 520 nm).  

3.3. RELEASE ASSAY WITH SYNTHETIC COMPLEMENTARY PROBES 

To cause the outflow of fluorescein molecules, the target RNA sequence (NSP12comp, 

NSP9comp, or Ecomp) mixture dissolved the probe-capped fluorescein-loaded mesoporous 

silica nanoparticles (Table 1). To do this, after the last centrifugation of the washing step, 

supernatants were thrown and 100 µl complementary probe solution (CP mixture), which 

was prepared by adding 15 μl NSP12comp or NSP9comp or Ecomp into 1485 μl PBS, was 

added according to the below procedure and pellet is dissolved.  

1. Tube= 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + NSP12 probe+CP 

(NSP12comp) 

2. Tube= 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + NSP9 probe + CP 

(NSP9comp) 

3. Tube= 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + E probe + CP (Ecomp) 
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4. Tube (Control)= 10 μl from B1 + 190 µl PBS + 2 μl Fluorescein solution + NSP12 + CP 

(NSP9comp) 

These four tubes were rotated at 14.000 rpm for one minute. They filled a 96-well plate with 

50 μl of supernatants. Each tube was filled with 50 μl of the CP mixture. The tubes were 

spun in the same manner once they had been incubating for 4 minutes. The supernatant was 

then added to each well in an amount of 50 μl. Each tube was filled with 50 μl of the CP 

mixture. The incubation periods of 1, 5, 15, 30, 45, and 1 hour all followed the same 

procedure. It was determined how much fluorescence was present in the supernatant (460 

nm for excitation and 520 nm for emission) (Thermo Scientific, Varioscan Fluorescence 

Microplate Reader). The correlation between the number of fluorescein molecules released 

and the passage of time demonstrated the cumulative release of fluorescein. The experiment 

was repeated three times (n = 3). 

3.4. PATIENT SAMPLE COLLECTION AND TESTING FOR SARS-COV-2 WITH 

RT-PCR 

Nasopharyngeal/oropharyngeal swab samples were taken from 43 people who had COVID-

19 symptoms or a history of contact and went to the emergency room of Kartal Dr. Lütfi 

Kırdar City Hospital in 2021. Patients ranged in age from 24 to 62, and 31 of them were 

women. Using the gold standard RT-PCR method, the SARS-CoV-2 genome was looked at 

in samples. Swabs made of sterile synthetic fiber and plastic shafts were used to take samples 

from the combined nasopharynx and oropharynx. These samples were sent to a PCR 

laboratory within four hours. The COVID-19 PCR Laboratory at Kartal Dr. Lütfi Kırdar City 

Hospital used the Bio-Speedy® SARS-CoV-2 Emerging Plus kit and the vNAT® Viral 

Nucleic Acid Buffer from Bio-eksen, Turkey, to find SARS-CoV-2. 

The Bio-Speedy® SARS-CoV-2 Emerging Plus kit has a single-stage reverse transcription 

and RT-qPCR test for detecting the quality of SARS-CoV-2 RNA. This kit focuses on the 

Orf1ab and N gene regions that are the same for all SARS-CoV-2 variants. It can also 

identify the Alpha variant by the N D3L mutation, the Delta variant by the S L452R 

mutation, and the Gamma and Mu variants by the S E484K mutation. Forward and reverse 

primers for Orf1ab and N gene regions are shown in Table 3.1 [129]. 
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Table 3.1. Primers for Orf1ab and N genes 

Target gene Forward Primer Reverse Primer 

Orf 1ab 5’-CTA GGA CCT CTT TCT GCT 

CA-3’ 

5’-ACA CTC TCC TAG CAC 

CAT CA3’ 

N gene 5’- CCT CTT CTC GTT CCT CAT 

CA-3’ 

5’-CCT GGT CCC CAA AAT 

TTC CT-3’ 

 

The sample tube was spun for 15 seconds at its fastest speed as directed by the kit's 

instructions. Then, a microcentrifuge tube was filled with 100 µL of vNAT® Viral Nucleic 

Acid Buffer [130]. 

The vNAT® buffer is used to safely remove viral nucleic acids from samples taken from the 

respiratory system. Real-time RT-PCR may begin 5 minutes after the sample is inserted 

thanks to the vNAT® component. The SARS-CoV-2 envelope and nucleocapsid are 

destroyed by polyethyleneimine-coated tetradecyl dimethyl benzyl ammonium chloride-

based nanoparticles (NP) and tween-20 in vNAT®, releasing the genome. Guanidinium 

thiocyanate, NaN3, and NP in vNAT® prevent the released genomes from being altered. In 

order to counteract the negative effects of PCR inhibitors, BSA is utilized as a PCR facilitator 

in vNAT® [131]. 

100 µL of fluids from the lungs were placed in this tube with vNAT®, which was then spun 

for 15 seconds at its highest speed. The tube was allowed to rest at room temperature for five 

minutes. Last but not least, the 200 µL mixture is prepared for real-time RT-PCR [130]. The 

reagents and template from the sample-vNAT® buffer combination are to be added to the 

qPCR tubes in the order listed in Table 3.2, according to the real-time RT-PCR methodology. 

The qPCR machine was then equipped with qPCR tubes and programmed to execute the 

Table 3.3 program below [130]. 
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Table 3.2. Real Time PCR Reaction Set-up 

Component Reaction 

2X Prime Script Mix 5 μl 

Emerging Oligo Mix 2,5 μl 

Template Nucleic Acid 2,5 μl 

TOTAL REACTION VOLUME 10 μl 

Table 3.3. Real Time PCR Program 

Cycle Number Temperature Duration 

1 52 3 min 

1 95 10 sec 

5 
95 1 sec 

60 12 sec 

35 

85 1 sec 

60 1 sec 

FAM/HEX/ROX/CY5/CY5.5 Read 

 

The samples were stirred for 15 seconds in the presence of vNAT® buffer to identify ORF 

1 ab, the SARS-CoV-2 N gene, and the RNase P gene. Using a pipette, the sample-buffer 

mixture was next added to the RT-PCR amplification mixture. A negative control and a 

positive control were used in each RT-PCR experiment. Results with a cycle threshold (Ct) 

under 32 were deemed to be favorable. There were 12 negative and 31 positive SARS-CoV-

2 tests. The average CT value for positive samples ranged from 12,9 to 30,4.  

3.5. HYBRIDIZATION-TRIGGERED FLUORESCEIN SIGNAL TEST 

The biosensor developed by probe-gated mesoporous silica nanoparticles was tested with 

human swab samples. 43 swab samples were collected and diagnosed by gold standard RT-

PCR to compare with the biosensor results. Before using the hybridization-triggered 

fluorescein signal test technique, the swab samples were diluted in dH2O at a ratio of 1:103 
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with an incubation time of 15 minutes always employed. The Varioskan LUX- Fluorescence 

Microplate Reader from Thermo Scientific was used to measure the fluorescein molecules 

the nanoparticles produced (Excitation 460, emission 520 nm).  

 

Figure 3.3. Experimental Design. MSNPs were modified by APTES and loaded by 

fluorescein as a reporter molecule and capped with NSP12, NSP9 or Gene E probe. Then, 

firstly, the probe gated MSNPs were tested with the synthetic complementary probes in 

PBS. Second, human swab samples either tested by RT-PCR in clinics or tested by probe 

gated MSNPs. The positive and negative samples detected by two methods, the novel 

biosensor developed in this thesis and gold standart RT-PCR were compared 

As a summary of the experimental design, mesoporous silica nanoparticles (MSNPs) were 

firstly mixed with ethanol containing acetic acid. This caused a negative charge on the 

particles. APTES was added to MSNPs and after 1-hour incubation, nanoparticles became 

positively charged. Then, fluorescein solution was added as a reporter molecule and 

incubated all night. One of the three probes (NSP12 gene, NSP9 gene, Gene E) was added 

and again incubated all night. So, after these steps, a biosensor has been developed. The 

biosensor was firstly tested with synthetic complementary probes in a physiological buffer 

solution. Then it was tested with human swab samples and the results were compared with 

RT-PCR results as a gold standard method (Figure 3.3.). 

The Sensitivity, accuracy, and specificity of biosensor were calculated according to 

Equations (3.1.), (3.2.), and (3.3.). 
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𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 𝑥100 

 

(3.1.) 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑆𝑎𝑚𝑝𝑙𝑒
𝑥100 

 

(3.2.) 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
𝑥100 

 

(3.3.) 
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4. RESULTS 

Mesoporous silica nanoparticles are the basis for synthesizing target-responsive fluorescent 

assay. First, the mesoporous silica nanoparticles were obtained by following a sol-gel 

procedure for particles with desired mesopores which were loaded with fluorescein 

molecules as reporter agents and capped with virus-specific oligonucleotide probe 

sequences. The prepared SARS-CoV-2 responsive fluorescent nanoparticles were used to 

design a detection assay.  

4.1. OPTIMIZATION OF THE SYNTHESIS OF MCM-41 SILICA 

NANOPARTICLES 

For the optimization of the synthesis of fluorescein loaded probe gated MCM-41 silica 

nanoparticles the synthesis protocol performed at different temperature conditions. The 

average diameter of nanoparticles were measured at 10oC, 15oC, 20oC, 25oC, 30oC and 40oC 

by using DLS. However, according to the DLS results the particles were very polydisperse 

for cumulated analysis and aggregated at 10oC, 15oC, 30oC and 40oC as shown in Figure 4.1. 

Up to 15oC, the particles demonstrated similar diameters below 2000 nm. Reaching the 

temperature to 30oC, the particles showed slightly higher size with over 2000 nm. At 40oC 

conditions, the particles had almost 3000 nm average diameter size. 
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Figure 4.1. The effect of temperature on MCM-41 particle size. The nanoparticles 

synthesized at 10oC, 15oC, 30oC and 40oC were aggregated 

The optimization for the synthesis of fluorescein loaded probe gated MCM-41 silica 

nanoparticles were performed under different pH conditions. The average diameter of 

nanoparticles were measured at pH 5, 6, 7, 8, 9 and 10 by using DLS. However, according 

to the DLS results the particles were very poly-disperse for cumulated analysis and 

aggregated at pH 5, 6, 8, 9 and 10 as shown in Figure 4.2.  

 

0

1000

2000

3000

4000

5 10 15 20 25 30 35 40

Z
-A

v
er

a
g

e 
D

ia
m

et
er

 (
n

m
)

Temperature (°C)



47 

 

 

 

Figure 4.2. The effect of pH on MCM-41 particle size. The nanoparticles synthesized at Ph 

5, 6, 8, 9 and 10 were aggregated 

The average size of particles were around 1000 nm at acidic pH values. The sizes were 

similar at pH of 5 and 6 (Figure 4.2.). At slightly basic pH (pH=8), the size of the particles 

increased to 2000 nm. At pH 9, the average size of the particles reduced to levels of acidic 

values at 700 nm, but increasing pH to 10 increased the particle sized to highest level at 2700 

nm.  

Similar pH optimization analysis were performed after probe capping protocol with one of 

the three COVID-19 probes (NSP12 gene, NSP9 gene, Gene E). The probe gated 

nanoparticles synthesized at Ph 5, 6, 8, 9 and 10 were also aggregated as shown in Figure 

4.3., 4.4. and 4.5. The optimum temperature for the synthesis is determined as between 20-

25 and pH was determined as 7.0.  
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Figure 4.3. The effect of pH on MCM-41+Egene probe size. The Egene probe gated 

nanoparticles synthesized at Ph 5, 6, 8 and 9 were aggregated 

Figure 4.3. is the average sizes of particles with E gene probe at a range of pH values between 

5 and 9. At acidic pH 5, the average size is 2000 nm and the size reaches a peak value of 

3200 nm at pH 6. Then, increasing pH to basic values at 8 reduces the average size to 2700 

nm. The basic pH value of 9 resulted in the lowest average value for E gene probe 

functionalized particles at 1000 nm of diameter. 
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Figure 4.4. The effect of pH on MCM-41+NSP9probe size. The NSP9 probe gated 

nanoparticles synthesized at Ph 5, 6, 8 and 10 were aggregated 

When probe was NSP9 gene probe, the pH changes were not affected by pH shifts (Figure 

4.4.). The pH values 5, 6, 8 or 9 resulted in average particle sized between 5000 and 7000 

nm. NSP9 gene probe covered particles had average size of 7000 nm at pH 5, reduced to 

5000 nm at pH 6, It was 6000 nm at pH 8 and 5200 nm at pH 9. 
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Figure 4.5. The effect of pH on MCM-41 and NSP12 gene probe size. The NSP12 gene 

probe gated nanoparticles synthesized at Ph 6, 8 and 9 were aggregated 

Figure 4.5. presents average particle sized changes for NSP12 gene probe functionalization. 

At acidic pH 6, the size was lowest at 4000 nm. Increasing pH to basic level of 8 increased 

the average particle size to 5000 nm and increasing pH to 9 did change the size. 

4.2. CHARACTERIZATION OF SILICA NANOPARTICLES 

MSNPs and DNA probes were used to make probe-capped MSNPs that can show if three 

target viral genome regions are present. The mesoporous silica nanoparticles were made 

using a bottom-up sol-gel method that involved the hydrolysis and condensation of silicon 

precursors, followed by aging, drying, and calcination. 
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4.2.1. Transmission Electron Microscopy 

According to TEM scans, the particles displayed an irregular, spherical shape with some 

aggregation (Figure 4.6.A.). The ordered array of the hexagonal shape of mesopores can be 

observed in the close-up TEM image (Figure 4.6.B.). 

 

Figure 4.6. MCM-41 nanoparticle characterization using (A) and (B) TEM 

The nanoparticle's hydrodynamic size was determined to be 264 ± 11 nm by using DLS 

(Figure 4.7.). In addition, the zeta potential was also measured by using the electrophoretic 

light scattering (ELS) technique. It was found to be -23,4 mV at 20°C in PBS. The surface 

of the nanoparticles was then salinized using APTES to graft amine groups onto them. The 

amination raised the nanoparticle’s potential to 34,3 mV. 
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Figure 4.7. Silica nanoparticle characterization using DLS 

The average particle diameter of the particles by the hydrodynamic model increased at a 

small proportion to 265 ± 9 nm upon probe attachment (data not shown). However, there 

was no statistically meaningful shift with probe attachment. However, after probe attachment 

to aminated nanoparticles by covalent bonds, the particles' potential dropped to 31,6 mV, 

representing the negative charge added by probe immobilization. 

4.2.2. Fourier Transform Infrared Resonance Spectroscopy 

To check amine group addition on the nanoparticle, FTIR analysis was applied. FTIR 

analysis produced peaks at 3293,54 cm-1 and 650 cm-1, confirming the functionalization of 

the amine group (Figure 4.8.). 



53 

 

 

 

Figure 4.8. Silica nanoparticle characterization using FTIR analysis 

4.2.3. Brunauer-Emmet-Teller Analysis 

The size of the mesopores of the synthesized silica nanoparticles was further investigated by 

BET analysis. Figure 4.9. is the result of the BHJ desorption method of nitrogen gas. The 

blue line shows the distribution of mesopores with an average diameter (peak value) of 2,833 

nm. The red line is the volume for each pore diameter. The average pore volume was 1,033 

cc/g. The surface area of the mesopores was estimated as 1.245,649 m2/g. 
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Figure 4.9. BET analysis is used to describe silica nanoparticles 

4.2.4. Determination of entraped flourecence level in the nanoparticle 

Standart concentrations for the florecence were prepared and were used to determine the 

entrapment of the flourecence in MSNPs. There was a lineer relation between the amount of 

flourecence (microM) and the meaured relative flousence amount as seen in Figure 4.10. 

There was also a lineer relation between the amount of loaded flourecence and the meaured 

relative flousence amount. 
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Figure 4.10. Reletive Flourecence intensity of flourecence loaded MSNPs Determination 

of The Number of Probes Fixed on The Nanoparticle Surface  

4.2.5. Determination of the number of probes fixed on the nanoparticle surface  

FAM labelled probes were used to determine the number of one of the COVID-19 gene 

probes (NSP12, NSP9, Gene E) fixed on the mesaphorus slica nanoparticle surface. There 

was a lineer relation between the amount of FAM labelled probe (microM) and the meaured 

relative flousence amount as seen in Figure 4.10. The probe capping afficiany was similar 

for all probes. 
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Figure 4.11. Calibration curve for FAM-labelled probes 

The number of probes fixed on the nanoparticle surface was determined by a standard curve 

shown in Figure 4.11. for each probe by using the following linear equations (4.1.), (4.2.) 

and (4.3.): 

𝐸 𝐺𝐸𝑁𝐸 𝑃𝑅𝑂𝐵𝐸: 𝑌 = 952,24𝑋 + 694,99 R2=9963 (4.1.) 

𝑁𝑆𝑃9 𝐺𝐸𝑁𝐸 𝑃𝑅𝑂𝐵𝐸: 𝑌 = 911,27𝑥 + 564,1 R2=9961 (4.2.) 

𝑁𝑆𝑃12 𝐺𝐸𝑁𝐸 𝑃𝑅𝑂𝐵𝐸: 𝑌 = 947,8𝑋 + 653,09 R2=9966 (4.3.) 
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4.3. THE CONTROLLED RELEASE PERFORMANCE OF DIFFERENT PROBES 

(NSP12, NSP9, AND E GENE PROBES) CONJUGATED WITH 

FLUORESCEIN-LOADED MCM-41 BY USING SYNTHETIC PROBES 

After applying APTES to the amine groups on the surface of the MCM-41 nanoparticles 

(NP), the reporter fluorescein (FL) molecules were added. By forming an electrostatic 

interaction between the negatively charged oligonucleotides and the positively charged silica 

surface, the probes were then employed to cap the ends of the oligonucleotides. As a result, 

fluorescein molecules were entrapped in porous silica nanoparticles that were prevented 

from migrating by the probe's ssDNA sequences. The positive strand of SARS-CoV-2 RNA 

is the complementary DNA oligonucleotides. The SARS-CoV-2 RNA and probe DNA have 

the same sequence, although they run in different directions. The nanoparticles have 26 

nmol/g of DNA probes, according to a fluorescence assay. 

The number of fluorescein agents trapped in mesopores of silica nanoparticles was 

determined from the difference between before and after the entrapment procedure, and it is 

calculated as 8,3 ± 1,2 μmol mg-1.  
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Figure 4.12. Cumulative Releasing of Fluorescein from MSNPs without capping in PBS 

When there is no capping, the fluorescein entrapped in to MSNPs were released directly in 

PBS without specific target or control (Figure 4.12.). Using synthetic oligonucleotides, 

signaling MSNPs coated for certain probes were developed and assessed for every target 

area (NSP12, NSP9, and E gene). The fluorescein releasing according to time patterns with 

synthetic oligonucleotides complementary to probes are shown in Figure 4.13., 4.14. and 

4.15.  
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Figure 4.13. Cumulative Releasing of Fluorescein from MSNPs capped with E Gene probe 

after added its complementary and MSNPs capped with E Gene without target in 

PBS 

Up to 60 minutes of fluorescence signal monitoring was done during probe-target 

oligonucleotide hybridization. The fluorescein molecules inside the mesopores in the NSP12 

probe-gated MSNPs were quickly released from the nanoparticles when the target sequence 

(NSP12comp) was added to the assay fluid as seen in Figure 4.14. Similar to the NSP12 

probe, combinations of NSP9 probe and NSP9comp or Gene E probe and Gene Ecomp also 

demonstrated an abrupt increase in fluorescence signal, but at slower rates as seen in Figure 

4.13. and 4.14. compared to NSP12 probe. Only a little quantity of fluorescein was released 

when the probe-gated MSNPs left in PBS alone in 60 minutes without target (Figure 4.13., 

4.14., and 4.15.). 
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Figure 4.14. Cumulative Releasing of Fluorescein from MSNPs capped with NSP9 Gene 

probe after added its complementary and MSNPs capped with NSP9 Gene without 

target in PBS 
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Figure 4.15. Cumulative Releasing of Fluorescein from MSNPs capped with NSP12 Gene 

probe after added its complementary, MSNPs capped with NSP12 Gene without 

target in PBS 
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Figure 4.16. Cumulative Releasing of all gene probes with their complementary sequences 

The comparison of cumulative release profiles up to 60 minutes of three probes were shown 

in Figure 4.16. After 5 minutes, there was a statistically significant difference between the 

probe gated nanoparticle system with all of the different probe conjugates and the no target 

control (only PBS). The other time points were also similar, statistically, the maximum 

cumulative release of E Gene probe, NSP9 Gene probe and NSP12 Gene probe was 

increased compared to no target control (PBS) after 15 minutes, 30 minutes and 60 minutes. 

The minimum time point which can be selected for the applications was 5 minutes and the 

probe gated nanoparticle system was responding similarly for both designs using either E 

Gene probe, NSP9 Gene probe and NSP12 Gene probe. To continue and decide the optimum 

time point we check the release kinetics of all probes (Figure 4.16.).  
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Figure 4.17. Probe-capped MSNPs Release Profiles 

In Figure 4.17., the comparison cumulative release profiles in 60 minutes of three probes 

were shown. Precise hybridization and swift fluorescein release occurred when the NSP12 

probe and NSP12comp were used. Similar to the NSP12 probe, combinations of NSP9 probe 

and NSP9comp or E Gene probe and E Gene comp also demonstrated an abrupt increase in 

fluorescence signal, but at slower rates as seen in Figure 4.17. compared to NSP12. 

Following the complementary RNA sequence, 66,11% of the fluorescein from the NSP12 

probe-MSNPs was released in a period of 15 minutes. Only 9,07% of the control mixture 

was released during the same period. NSP9 probe and Gene E probe release less fluorescein 

under the same conditions with their corresponding target sequences at 39,27% and 41,2%. 

The release of fluorescein for NSP12 leveled flat at around 70,2% with minimal increase up 

to 60 minutes to 72,3%. NSP9 showed a different profile with a more significant increase 

from 49,1% at 20 minutes to 68,8% in 60 minutes. Gene E showed a similar profile to NSP12 

with 54,7% at 20 minutes and a slight increase to 58,2% at 60 minutes. 
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To decide the optimum application time point, three probe-target pairings were compared 

for fluorescein release amount in PBS having different complementary concentrations 

(0,0005 nM, 0,1 nM, 0,5 nM, 100 nM, 500 nM, 1000 nM) at 5, 15 and 30 minutes. The 

cumulative fluorescence release results of NSP12 probe-MSNPs in PBS having different 

NSP12comp concentrations (0,0005 nM, 0,1 nM, 0,5 nM, 100 nM, 500 nM, 1000 nM) 

incubated 5, 15 or 30 minutes were showed the maximum fluorescence release for lower 

concentrations of targets compared to the NSP9 probe-MSNPs or E gene probe-MSNPs. 

Generally in all optimization experiments the NSP12 probe showed the strongest 

fluorescence and NSP12 probe was therefore utilized in the intricate investigations for 

analytical parameters. 

 

Figure 4.18. Different concentrations of NSP12 complementary sequences 

The cumulative fluorescence releasing amount of NSP12 gene probe gated MSPNs, different 

NSP12comp concentrations (0,0005 nM, 0,1 nM, 0,5 nM, 100 nM, 500 nM, 1000 nM) were 

showed in Figure 4.18. at different time points (5, 15 and 30 minutes). The fluorescence 
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release amount after 5 minute incubation was a bit lower than 15 minutes or 30 minutes 

incubations. However, the fluorescence release amount after 15 minutes or 30 minutes 

incubation was not different from each other and thus, the experiments were optimized at 15 

minutes.  

 

Figure 4.19. Target-response curve for an experiment using the NSP12 gene probe after a 

15 minutes incubation 

The concentration of target and relative fluorescence unit relation tested with NSP12 gene 

probe gated MSPNs was showed in Figure 4.19. At 15 minutes incubation time, it is 

determined that the probe concentrations (0,0005 nM, 0,1 nM, 0,5 nM, 100 nM, 500 nM, 

1000 nM) were linearly correlated with the amount of fluorescence signal between 100 fM 

and 1 M. (Figure 4.19.). The least squares method is used to fit a regression line with the 

formula y = mx + c. Given that not all data points fall exactly on the line, the line maps the 

best correction. The limit of detection is then calculated using the three-sigma limit (3σ) 

approach (LOD). A statistical calculation known as the 3σ technique refers to data that is 

three standard deviations or less from the mean. It is calculated using the formula LOD = 
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3,3x / S, where S is the calibration curve's slope and is the response's standard deviation. The 

LOD was thus set at 48 fM. 

4.4. THE CONTROLLED RELEASE PERFORMANCE OF PROBES 

CONJUGATED WITH FLUORESCEIN-LOADED MCM-41 BY USING 

DIFFERENT COMPLEMENTARY COMBINATIONS OF  SYNTHETIC 

PROBES  

To test the unspecific binding and flourence releasing due to unspecific binding to the 

different gene locations in virus, artificially, different combinations of the complementaries 

such as NSP12 gene complementary and E gene complementary or NSP12 complementary 

and NSP9 complementary were tested with NSP12 gene probe, E gene probe or NSP9 gene 

probe gated MSNPs. The minumum release due to unspecific binding occured with  NSP12 

gene probe gated MSPNs compared to other conjugations. Only a little quantity of 

fluorescein was released when the NSP12 probe and NSP9comp target were combined in 

PBS, but precise hybridization and swift fluorescein release occurred when the NSP12 probe 

and NSP12comp were used (Figure 4.20.). In addition, similar results were obtained with 

other combinations. Little quantity of fluorescein was released when the NSP12 probe and 

Ecomp target were combined in PBS, but precise hybridization and swift fluorescein release 

occurred when the NSP12 probe and NSP12comp were used (Figure 4.21.). 
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Figure 4.20. Cumulative releasing of NSP12 probe-gated MCM-41 by using NSP12 gene 

complementary and NSP9 gene complementary 
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Figure 4.21. Cumulative releasing of NSP12 probe-gated MCM-41 by using NSP12 gene 

complementary and E gene complementary 

4.5. TESTING WITH HUMAN SWAB SAMPLES 

Finally, patient samples were used to assess the probe-capped MSNPs. The gold standard 

RT-PCR as well as the probe-gated MSNP biosensor described in this study were used to 

analyze a total of 43 samples. RT-PCR was used to make the diagnosis in 31 SARS-CoV-2 

positive and 12 SARS-CoV-2 negative patients. For biosensor testing, swab collections were 

taken and immediately placed in RNA preservation buffer, which was subsequently diluted 

1:103 times in water, then samples were directly used for the assay. After 15 minutes as an 

assay time, fluorescent signals were measured.  

All the synthesized probe gated MSNPs (NSP12 probe-MSNP, NSP9probe-MSNP or Egene 

probe-MSNP) were tested with patients samples to find the optimum conjugation form. For 

this purpose first, randomly selected 10 positive and 10 negative samples were tested with 
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probe gated MSNPs. According to these results (Table 4.1.), sensitivity and specificity were 

calculated as 30% and 60%, respectively for Egene probe-MSNP. Sensitivity and specificity 

were calculated as 90% and 0%, respectively for NSP9 probe-MSNP (Table 4.2.). 

Table 4.1. The tested 10 positive and 10 negative Patient Samples with Egene probe-

capped MSNPs or NSP9 probe-capped MSNPs 

Genes 

Clinical 

positive 

samples 

with RT-

PCR 

Clinical 

negative 

samples 

With 

RT-

PCR 

Positive 

Samples 

detected 

with NP 

based 

method 

Negative 

Samples 

detected 

with NP 

based 

method 

Sensitivity Specificity 

E Gene 10 10 3 6 30% 60% 

NSP9 

Gene 

10 10 9 0 90% 0% 

Table 4.2. The sensitivity and specifity calculations of tested 10 positive and 10 negative 

Patient Samples with Egene probe-capped MSNPs or NSP9 probe-capped MSNPs 

Egene probe MSNP 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝐸𝑔𝑒𝑛𝑒 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
3

3 + 7
 𝑥100 = 30% 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝐸𝑔𝑒𝑛𝑒 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
6

6 + 4
𝑥100 = 60% 

NSP9 probe MSNP 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑁𝑆𝑃9 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
9

9 + 1
 𝑥100 = 90% 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝑁𝑆𝑃9 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
0

0 + 10
𝑥100 = 0% 
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Figure 4.22. The tested Patient Samples with NSP12 probe-capped MSNPs 

The relative fluorescence measurements of tested Patient Samples with NSP12 probe-capped 

MSNPs were showed in Figure 4.22. The average signal was 0,286 RFU, and all of the 

relative fluorescent signals from the RT-PCR negative samples (n=12) were below 0,926 

RFU. At 1,354 RFU, all RT-PCR negative patients samples were detected as “true negative” 

with also NSP12 probe-capped MSNPs. Therefore, the LOD of 1,354 RFU was chosen as 

the cutoff value for assessing whether a sample is positive or negative (Figure 4.22.). The 

new biosensor created in this thesis indicated that 24 of the 31 patients had been identified 

as SARS-Cov-2 positive, while the other patients had been reported as healthy (NSP12 

probe-capped MSNPs). According to these results, sensitivity, accuracy, and specificity 

were calculated below by using formulas described in methods as 77%, 84%, and 100%, 

respectively (Table 4.3.). 
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Table 4.3. The sensitivity, accuracy and specifity calculations of tested 31 positive and 12 

negative Patient Samples with NSP12 probe-capped MSNPs 

NSP12 probe MSNP 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑁𝑆𝑃12 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
24

24 + 7
 𝑥100 = 77% 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑜𝑓 𝑁𝑆𝑃12 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
24 + 12

43
𝑥100 = 84% 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦𝑜𝑓 𝑁𝑆𝑃12 𝑝𝑟𝑜𝑏𝑒 𝑀𝑆𝑁𝑃 =
12

12 + 0
𝑥100 = 100% 
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5. DISCUSSION 

Two different processes were used to create amino-modified mesoporous silica 

nanoparticles: co-condensation of APTES and TEOS and post-synthetic grafting of 3-

aminopropyltriethoxysilane (APTES) onto calcined MSNP. Particles made using the 

grafting method were used in this study. In order to learn more about the textural 

characteristics and the preservation of the mesoporous structure following functionalization 

by grafting technique, calcined and amino-modified MSNP was evaluated by DLS and BET 

studies. 

The particle sizes were first studied at different temperature and pH values for their stability. 

The synthesized MCM-41 particles were observed to aggregate with increasing temperature 

to 40°C. The size was similar at or below room temperature (Figure 4.1.). Silica particles are 

notoriously known for aggregation at different conditions. In our conditions (PBS buffer and 

specific concentrations), aggregation was easily observed for average size of synthesized 

particles.   

The size of silica particles is affected by temperature, pH, and electrolyte concentrations in 

a wider range that has been researched at the low-volume scale. This is due to the common 

belief that temperature plays a significant role in particle shape. The range of temperatures 

examined in this study was from 15°C to 40°C. The lower and upper bounds were selected 

based on the size distribution. A comparison of particle sizes based on DLS is shown in 

Figure 4.1. Figure 4.1. shows that the highest temperature made the particles more 

amorphous and clumped together, while temperatures below room temperature made the 

particles smaller and better shaped. Some writings [132] said the same thing [133]. 

Another important parameter in the average size of MCM-41 particles is the pH value. To 

employ nanoparticles in bioinspired applications, agglomeration-resistant nanoparticles are 

necessary. Using DSL measurements, the ability of nanoparticles to agglomerate in liquid 

phase was explored (Figure 4.1., 4.2., 4.3., 4.4., 4.5.). As shown in the figures, the average 

particle size estimated by DLS for sample MCM-41 was affected by temperature and pH, 

depending on the kind of probe. The results indicate that there was a partial agglomeration 

of MCM-41-probe particles in the solution. This might be explained by the fact that 
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negatively charged oligonucleotide probes cause MCM-41 probe particles distributed in 

acidic or basic liquids to interact less or more with other particles.  

Due to the negative surface charges on both DNA and the silica substrate, the electrostatic 

contact between them is poor [133]. The electrostatic attraction between DNA and 

absorbents must be reduced in order for DNA to be absorbed. To improve their ability to 

absorb and release substances, mesoporous silica materials have undergone several 

modifications. Mono-, di-, and tri-amino functional groups were applied to the inner surfaces 

of a mesoporous silica material by Choi et al. The findings amply revealed that this 

mesoporous material could bind DNA by establishing electrostatic interactions [134]. Jiang 

et al. developed a very efficient alternate method to extract DNA from Fe3+-immobilized 

silica particles by constructing a salt bridge [135]. The Gu group used chaotropic salt 

solution to increase DNA adsorption into magnetic mesoporous silica nanoparticles by 

shielding negatively charged species [136]. However, any chaotropic salt that is left behind 

after purification could impede subsequent procedures [137]. To alter how DNA adheres to 

silica beads, people have employed an electrical switch [138]. The quantity of DNA 

molecules that were adsorbed was impacted by the pH shift. On silica particles, DNA 

adsorption and desorption have been the subject of much research. MCM-41 and modified 

MCM-41 molecular sieves have been the subject of much investigation because they may 

be utilized as adsorbents to remove catalysts, environmental contaminants, and catalyst 

supports. However, only a few studies have shown the ability of MCM-41 with metal ions 

to bind DNA. To make the surface charge of silica more similar to DNA oligonucleotides in 

this work, amino groups were added. 

When the pH of a solution was changed from 2 to 6, as in a typical study [139], DNA 

desorption efficiency went up by a lot. The rate of recovery was different at pH levels 

between 6 and 8. As the pH went up even more, DNA desorption dropped by a huge amount. 

So, the pH of the eluent has a big effect on how well DNA desorbs, and all of the samples 

tested showed that the best recovery happened at pH 6. To learn more about how DNA and 

particle surfaces interact, the effect of salt content on how DNA desorbs was looked into 

more. DLS measurements were used in this study to see how many of these things were 

happening together. 

WHO has called it a pandemic because it has spread all over the world (WHO). So, finding 

viruses quickly became a key part of figuring out how to stop the disease from spreading. 
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The COVID-19 vaccine was released at the beginning of 2021, but although the execution 

of major vaccination efforts, the overall containment of the pandemic is still made difficult 

by the quickly increasing number of virus mutations [140]. Also, effective treatments aren't 

always easy to get, and diagnostic screening techniques that work for large groups are needed 

to stop Covid-19 from happening again in the coming months. Therefore, the need for quick, 

simple, and effective diagnostic techniques for SARS-CoV-2 identification is still very 

important. More virus pandemics are also projected in the coming times. It was demonstrated 

in this work that these issues could be resolved by creating a design using fluorescein-filled 

and nucleic acid probe-covered silica nanoparticles. It might be possible to determine 

someone's SARS-CoV-2 infection using this design. Based on the fluorescein that 

mesoporous MCM-41 silica nanoparticles release when they hybridize with complementary 

SARS-CoV-2 RNA and DNA probes, the system functions. In order to identify the viral 

signaling system, this detection method uses oligonucleotide probes to capture fluorescent 

molecules inside mesoporous silica nanoparticles. The fluorescein molecules in the 

mesopores are examined to directly detect the viral genome RNA in the nasopharyngeal 

swab collections after the probes covering the nanoparticle surface have been removed by 

hybridization. 

The fluorescent signal was seen after mixing the probe and target oligonucleotides for 60 

minutes. The fluorescein molecules in the mesopores of the probe-covered MSNPs were 

released from the nanoparticles as soon as the target RNA sequence was added to the assay 

mixture. The NSP12 probe and NSP12comp target hybridized flawlessly and released 

fluorescein quickly, whereas the NSP12 probe and NSP9comp target only released a small 

amount of fluorescein. Similar to what happened with the NSP12 probe, when the NSP9 

probe was combined with NSPcomp or the Gene E probe was combined with Gene Ecomp, 

the fluorescence signal went up a lot. After a complementary RNA sequence, 66,11% of the 

fluorescein in the NSP12 probe-MSNPs was let out in 15 minutes. In the same amount of 

time, only 9,07% of the control mixture came out. Given that the rate of hybridization 

depends on the sequence, the variations in the amounts of fluorescein released may be the 

result of different levels of hybridization between probes and targets [141]. When compared 

to control studies, a 15-minutes test period gives off a signal that can't be found in other 

studies. After 15 minutes, NSP12 had the strongest fluorescence signal of the three probe-

target pairs. 



75 

 

 

When the test method was used linearly between 100 fM and 1 M, the fluorescence signal 

was linked to the amount of NSP12comp. All three techniques have a 48 fM limit of 

detection (LOD). A DNA probe-DNA target assay that relies on the MSNPs that the probe 

covers has been discussed in prior research [115]. Using a fluorescence method identical to 

the one used in this investigation, a single nucleotide mutation causing thalassemia was 

identified. MSNPs that show the presence of a target were designed to show when RNA 

target sequences are found in nasopharyngeal samples. 

While COVID-19 is mostly disseminated by persons who already have symptoms, SARS-

CoV-2 is typically transferred from person to person. CoV-2, like other respiratory viruses, 

is often transmitted by coughing and sneezing droplets. Transmission by aerosols is also a 

possibility, particularly in crowded public spaces where many individuals are sharing 

infections. People who don't exhibit any symptoms carry the virus around 80% of the time 

[142]. Close connections with family, friends, colleagues, and other individuals account for 

the majority of the spread. You may become ill from viruses that are inside of objects or on 

surfaces. The frequency of this kind of contact is unclear, however. Typically, the incubation 

period lasts between three and seven days, and symptoms may appear two weeks after 

contracting the virus. Because diagnostic biomarkers may be utilized to monitor the virus's 

progression, they enable the precise diagnosis of SARS-CoV-2 infections. The first or early 

stage of infection, which happens when the patient becomes infected, and the second stage 

of infection, which starts antibody production, are the two main stages of infection. 

Laboratory tests like quantitative polymerase chain reaction (qPCR), computed tomography 

(CT) of the chest, and serology tests are often used to find the wide range of COVID-19 

symptoms. The assay system that was made for this study could be used as an alternative 

way to quickly find infections. 

Point-of-care (POC) biosensors, such as chip-based and paper-based biosensors, have 

undergone extensive development in an effort to replace conventional assays for the POC 

detection of infectious diseases [143,144]. Low-cost, simple-to-use POC biosensors that can 

take a sample and provide a result are in high demand due to the growing need for quick 

testing to address the current pandemic. These biosensors can find nucleic acids or proteins 

in samples of sputum, swabs of the throat, or blood. They make it possible to test outside of 

a lab or in less-developed countries where there may not be a lot of highly educated staff or 

high-tech infrastructure. Even though these tests are needed to fight the pandemic, they can't 
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be used in clinical settings yet because of a number of problems. The best point-of-care 

(POC) biosensor should be able to make quick decisions to stop the spread of COVID-19 

and meet the ASSURED criteria (affordable, sensitive, specific, user-friendly, rapid and 

reliable, equipment-free, and deliverable to end users) [145, 146]. All of the ASSURED 

criteria are met by the test that was made here. The assay is cheap because it is mostly made 

of inexpensive materials like oligonucleotide, fluorophore, and silica. The test is accurate 

(Figure 4.22.). The test can be done easily in a test tube, so it is easy to use. The results of 

the test are ready in 15 minutes, which is fast. It only needs a small, portable reader with 

fluorescent lights. The test can be taken to the place where it will be used. 

One of the hardest parts of making good biosensors is figuring out how to pick up a very 

small signal that happens between biological species [147]. To solve the problem, 

nanoparticles can be used as labels to get a big boost in the signal that is easy to spot. 

Attaching gold or silver nanoparticles (NPs) and quantum dots to a specific DNA/bio-

recognition probe makes it possible to analyze and label these nanoparticles [148]. This 

could have a synergistic effect because of the nano-labeling effects, which make the 

electrochemical signal much stronger and allow the development of labeled biosensing 

techniques that are both sensitive and selective [149]. Current research is focusing on using 

the attractive physicochemical properties of nanoscale materials (especially their optical, 

electrical, magnetic, and opto-magnetic properties) to develop nano-enabled biosensing 

methods for the specific detection of viruses, especially MERS-CoV, SARS-CoV, and 

SARS-CoV-2 [150]. The development of these biosensors based on nanomaterials to find 

SARS-CoV-2 has been limited, though. These methods can be used instead of PCR-based 

testing for COVID-19 because they are easy to use, cost-effective, respond quickly, and can 

diagnose in real time. These nanomaterial-enabled biosensors mostly use nucleic acid and 

protein (antigen/antibody) to detect SARS-CoV-2. However, contamination of these highly 

sensitive bio-receptors has kept them from being 100% accurate, and ultrasensitive, fast, and 

portable SARS-CoV-2 sequence detection methods are in high demand. For example, the 

CRISPR-Cas12 method or nanomaterial-based biosensors based on the aerosol mediated 

diagnostic method have the advantages of being fast, sensitive, and not affecting the sample 

[151, 152]. Scaling up these detection technologies is very important. In the lab, these 

biosensors have shown an acceptable level of stability, reaction time, sensitivity/selectivity, 

and selectivity/sensitivity [153]. The performance of biosensing devices made from 
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nanomaterials can be affected by a number of factors, such as the properties of the target 

antigen, protein, or antibody, the properties of the nanomaterial, and the properties of other 

important biomolecules [153]. Along with these kinds of studies, this work helps solve the 

above biosensing problems by linking the release of fluorescent cargo to the analyte (a virus) 

through a nucleic acid gate system. 

The examined biosensors fall short of the WHO criterion of 97% for identifying negative 

samples [154]. This research isn't much different in that regard, in fact. However, this may 

be due to the uncertainty surrounding sample collection, which falls beyond the purview of 

this investigation. By selecting biorecognition components that exclusively bind to the target 

analytes and avoid reacting with molecules unrelated to the target, this problem may be 

resolved. Additionally, instead of the WHO guideline of 80%, the actual positive rates of the 

biosensors varied from 46,2% to 100%. Surface modification methods may be used to 

increase the sensor site's surface area and improve the sensor's sensitivity to low 

concentrations of bioanalytes [154]. These methods of performance improvement were used 

in this research. 

A biosensor typically functions by a sample or target analyte binding to the bioreceptor, 

followed by a transducer that converts the information from the biorecognition into a number 

that can be measured. In this work, an RNA fragment from the virus that hybridized with a 

DNA probe was used as the target analyte in a test that used DNA probes. Because it might 

be challenging to identify biological analytes based only on their physical characteristics, 

labeling approaches have been devised to increase the quantitative signal by attaching a 

second molecule to immobilized target molecules, viruses, or cells [155]. The immobilized 

bioreceptors on the chip will bind to the tagged pathogens or proteins they are searching for 

when analytes are introduced into the sensing region. Examples of biosensing labels include 

enzymes, fluorescent tags, and dye molecules. A variety of bioreceptor-target coupling 

mechanisms have been identified, including complementary DNA (cDNA)-DNA 

hybridization, enzyme-substrate catalysis, and antibody-antigen binding. The gating assay is 

also a biosensing system that uses a label, but it uses a fluorescent signal instead. 

The labels force the selection and replacement of specialized reagents, which might disrupt 

the assay and, in certain situations, make final detection challenging. Chemistry labeling 

may also be costly and time-consuming. Thus, several intriguing efforts at biosensing 

devices that employ unlabeled or unmodified biomolecules (label-free biosensing) and use 



78 

 

 

natural molecular features, such as molecular weight and RI, for sensing have been made 

[156]. The necessity for low, nonspecific binding and a large signal when the target attaches 

are issues with label-free detection, however [157, 158]. However, its advantages might 

outweigh its drawbacks provided the target analyte concentration and surface adsorption are 

high enough to permit detection. For instance, by streamlining assays, cutting down on the 

time and number of procedures required, and eliminating experimental uncertainty, it may 

provide real-time analysis. The gating assay presented here eliminates the majority of the 

issues brought on by chemical changes but may still provide powerful signals. 

The sensing transduction signals in an optical biosensing platform are often based on minute 

variations in the refractive index that take place when biomolecules bind to stationary 

bioreceptors. The ultimate sensitivity and specificity of the biosensor are heavily influenced 

by the immobilized molecules and how easy the target analyte may access them. A very 

sensitive biorecognition layer must be present on the transducer's surface for a label-free 

biosensor to function. Because of this, optimizing the sensing surfaces and the techniques 

used to make them biofunctional is a key part of any accurate, sensitive, label-free biosensor. 

Because there are so many different target molecules and biosensor applications, it is very 

hard to come up with a universal surface biofunctionalization method. Because of this, the 

method must be designed for each specific surface. For instance, the anti-Zika NS1 mouse 

monoclonal antibody (mAb) 6B1 produced by the Centers for Disease Control and 

Prevention is made to interact with the surface in graphene-based field effect biosensing 

(FEB) (CDC). The possibility of using polyethylene glycol (PEG) to prevent proteins from 

adhering to silicon-based biosensor surfaces has also been investigated. This is because PEG 

creates a durable barrier that blocks interactions between unrelated molecules. Because it is 

more difficult to achieve the appropriate sensitivity and limit of detection (LOD) without 

raising the concentration of the target analyte, label-free biosensing is more challenging than 

label-based biosensing. A variety of variables affect whether labeled or unlabeled 

approaches are more efficient in detecting illnesses like SARS-CoV-2. Gating systems fall 

halfway between labeled systems and labelless systems in this regard. 

The limit of detection is the deciding factor for a viable POC that can replace laboratory-

based detection techniques for a highly sensitive optical biosensor that can detect SARS-

CoV-2, labeled or unlabeled. the most sensitive optical biosensors that could serve as the 
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foundation for a point-of-care detection system that is quick and sensitive. In this study, a 

gating assay that makes a fluorescent signal was described. 

By soaking MSNP-probe in a PBS solution, fluorescein was first added as a guest molecule 

to examine how the amino MSNP-DNA probe system functions during hybridization. The 

hole was plugged with probe ssDNA. The tube was spun and repeatedly washed with PBS 

to get rid of the extra dye. Then, in PBS, the amino MSNP-fluorescein particles were 

dispersed to assess how well they controlled release. Figure 4.17. demonstrates that a very 

distinct and potent hybridization-operable gating effect was discovered when the maximum 

fluorescein absorbance was tracked over time. A quick release occurs quickly when 

comparable target sequences are provided. When non-target sequences are used, there is 

hardly any release, demonstrating the effectiveness of the cap and the ability of the target 

sequence to alter the release rate. The rate of release is target-dependent, which is consistent 

with how the MSNP system functions, which depends on a reversible change in 

conformation between hybridized complexes and probes for the release of guest molecules. 

We believed that the gate-like structure created in the closed state would be large enough to 

block the 2-nm diameter pore and prevent fluorescein molecules from leaving since the 

diameter of the ssDNA and intramolecular helix regions is approximately 2,0 nm. In fact, 

we discover that altering the DNA's structure may not be as difficult as it initially appears. 

A DNA strand, for instance, may fold into a variety of various helix configurations. To 

determine the precise mechanisms at work, more research will be required, but that is outside 

the purview of this investigation. The pores were well-covered by the packing of ssDNA 

when the folded domains were hybridized into a double-stranded form with a cross-sectional 

diameter of 2,0 nm at pH 8, but the hybridized form is rigid and linear, which changed the 

capped pores and made dye molecules leak out. These findings proved conclusively that we 

could use probe ssDNA to seal the pore system of the MSNP before releasing the molecules 

by hybridizing the probe DNA in the presence of the target sequence. The relatively slow 

liberation processes observed can be explained by the fact that dye release is regulated by 

diffusion, which contrasts with the fast capping/uncapping reaction based on the 

conformational shift of probe DNA. 
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6. CONCLUSION 

The recent SARS-CoV-2 pandemic has demonstrated the importance of sensitive and prompt 

diagnosis. Therefore, the aim was to develop a quick molecular diagnostic biosensor that can 

detect SARS-CoV-2 directly with samples taken from the nose and throat of human subjects. 

In this thesis, mesoporous MCM-41 type of silica nanoparticles (MSNPs) were used. Firstly, 

characterization studies were done by different techniques. To determine microstructure of 

nanoparticles, TEM was used. DLS to determine particle size and BET to determine pore 

size were used. After that, MSNPs were loaded by fluorescein and capped by specific gene 

sequences probes which are three target (NSP12, NSP9 and Egene) regions selected from 

SARS-CoV-2 genome immobilized on the surface of the nanoparticles. The novel biosensor 

developed in this thesis based on fluorescein releasing from MSNPs during hybridization 

between a conjugated complementary single strand oligonucleotide and SARS-CoV-2 RNA 

samples. This biosensor was firstly tested with synthetic oligonucleotides and it was also 

optimized in different pH and temperature conditions. The optimum target detection time 

was determined as 15 minutes. The basic pH damaged the structure of probe-gated MSNPs 

Every release experiment was repeated three times (n = 3). The results showed that the 

NSP12 probe displayed the strongest fluorescence signal within 15 minutes. The fluorescein 

molecules inside the mesopores in the NSP12 probe-gated MSNPs were quickly released 

from the nanoparticles when the target sequence (NSP12comp) was added to the assay fluid 

compared to NSP9 gene and E gene oligonucleotide MSNPs conjugates. Therefore, NSP12 

probe was therefore utilized in the intricate investigations for analytical parameters.  Then, 

the biosensor was tested with human swab samples. The limit of detection with experiments 

using patient samples was 1,4, Relative Fluorescence Units with 84% accuracy. 

As a conclusion, in this thesis, a novel method based on nucleic acid-gated silica 

nanoparticles to detect SARS-CoV-2 in 15 minutes directly from patient swab samples was 

developed. Compared to RT-qPCR, the biosensor correctly identified SARS-CoV-2 RNA in 

84% of the samples. Since the prototype assay design has advantages over current market 

products in that it is quick and easy to use, it may be chosen for the identification of SARS-

CoV-2 and other specific determinations. 
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