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ÖZET

Yüksek Lisans Tezi

NÜKLEİK ASİT TEMELLİ YANAL AKIŞ TESTİ (LFT) İLE COVID-19 TESPİTİ

Enes GÜLTEKİN

İnönü Üniversitesi
Fen Bilimleri Enstitüsü

Moleküler Biyoloji Anabilim Dalı
44+X sayfa 

2021

Danışman: Dr. Öğr. Üyesi Dilek ÇAM

Dünya  Sağlık  Örgütü  (DSÖ)  tarafından  resmi  adı  SARS-CoV-2  (Şiddetli  Akut
Solunum Sendromu-Koronavirus-2)  olarak  belirlenen  yeni  koronavirüs,  ilk  kez  2019  yılı
Aralık  ayı  sonlarında  Çin’in  Wuhan  şehrindeki  deniz  ürünleri  pazarında  ortaya  çıktığı
düşünülmektedir. Virüs oldukça bulaşıcı ve özellikle ileri yaş gruplarında ölümcül olmaktadır.
Viral teşhis için birçok çalışma geliştirilmeye devam etmektedir. En yaygın ve güvenilir olanı
DSÖ tarafından önerilen RT PCR (Real Time Polymerase Chain Reaction) olup özellikle N
geni bölgelerine yöneliktir. Bu bölge en korunaklı ve spesifik bölge olduğu için moleküler
teşhiste  önemli  olmuştur.  Bununla  birlikte  hızlı  testler  laboratuvar  yüklerinin
hafifletilmesinde, antikor gelişimini kontrol etmede önemli yere sahiptir. Hızlı testler arasında
ise yatay akışlı testler en yaygın ve pratik kullanımı olandır. Uzun vadede viral bulaşıklık
ihtimali hep olacaktır ve pratik kullanımlı teşhis testlerine ihtiyaç devam edecektir. Bu amaçla
çalışmamızda SARS-CoV-2’ye özgü N geni bölgelerinin yatay akışlı hızlı test platformu ile
teşhisi hedeflenmiştir. 
Yatay  akışlı  test  platformu  Altın  nanoparçacıklara  (AuNP)  dayalı  sandviç  modeli  ile
hibridizasyon  temeline  dayalı  olarak  tasarlanmıştır.  Tasarlanan  LFT platformu  N  geninin
korunmuş  bölgelerine  özgü  dizayn  edilmiştir.  N  genine  tamamlayıcı  olan  DNA
oligonükleotitleri ile AuNP konjuge edilmiştir.

Bu  konjugasyon  ürününe  hibridizasyon  oluşturacak  diziler  nitroselüloz  membran
üzerine test ve kontrol çizgisi olarak çizilmiştir. Hedef sekansı içeren örnek, numune pedine
uygulandığında kapiller akım prensibine dayanarak hedef sekans test ve kontrol çizgisinde
bulunan diziler ile hibridizasyon yapar. AuNP’den kaynaklı bir kırmızı renk oluşumu çıplak
gözle  görülebilir.  Araştırma  bulgularına  göre,  tasarlanan  LFT,  SARS-CoV-2  N  geni
bölgelerini  spesifik  olarak  tanımış  ve  moleküler  teşhise  alternatif  olabileceği  ortaya
konmuştur.

Anahtar kelimeler: LFT, SARS-CoV-2, Teşhis, COVID-19
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The new coronavirus, official name was determined by the WHO as SARS-CoV-2, is
thought to have first appeared in the seafood market in Wuhan, China, in late December 2019.
The virus is highly contagious and fatal, especially older age groups. Many studies continue
to  be  developed for  viral  diagnosis.  The most  common and reliable  one  is  the  RT PCR
recommended by WHO, and it is especially aimed at the N gene regions. This region has been
important in molecular diagnosis as it is the most conserved and specific region. However,
rapid  tests  have  an  important  place  in  relieving  laboratory  and  controlling  antibody
development. Among rapid tests, LFTs are the most common and practical. In long time, there
will always be the possibility of viral contamination and the need for practical diagnostic tests
will continue. For this purpose, our study aimed to identify the N gene regions specific to
SARS-CoV-2  with  a  LFT  platform.  The  LFT  platform  is  designed  on  the  basis  of
hybridization with sandwich model based on Gold nanoparticles (AuNP). The designed LFT
platform was  designed  specifically  for  the  conserved  regions  of  the  N  gene.  AuNP was
conjugated  with  DNA  oligonucleotides  complementary  to  N  gene.  Sequences  that  will
hybridize to this conjugation product were drawn on the nitrocellulose membrane as test lines.
The sample  containing  the  target  sequence  hybridizes  with  the  sequences  in  the  test  and
control lines based on the capillary flow principle when applied to the sample pad. A red color
formation from AuNP can be seen with the naked eye. According to the research findings, the
designed LFT specifically recognized the SARS-CoV-2 N gene regions and it was revealed
that it could be an alternative to molecular diagnosis.

Keywords: LFT, SARS-CoV-2, Diagnosis, COVID-19
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1. INTRODUCTION

1.1 Coronavirus

On  December  31,  2019,  the  World  Health  Organization  (WHO)  China  Office

reported cases of pneumonia of unknown etiology in Wuhan, China's Hubei province. On

January, 2020, this virus was reported to be a new coronavirus that had not been detected

in humans before and was identified as 2019-nCoV. However, the name of the 2019-nCoV

disease was later accepted as COVID-19, and the virus was named SARS-CoV-2 due to its

close  similarity  to  SARS  CoV  (Yu,  J.,  et  al.,  2020).   The  coronavirus  disease  2019

(COVID-19) pandemic caused by the new severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) caused a significant increase in hospitalizations as a result of pneumonia

manifested  by  sudden  and  multi-organ  diseases  worldwide  (Harapan  et  al.,  2020).

Coronaviruses  affect  humans,  livestock,  birds,  mice,  bats,  wild  animals  and  cause

gastrointestinal, respiratory, and central nervous system disorders (Xu, J., et al., 2020). In

humans,  coronavirus  infections  first  affect  the  upper  respiratory  tract,  then  the

gastrointestinal system and many organ systems. Multiple organ failure is seen due to the

extreme progress of the disease, and this situation causes death (Su, S., et al., 2016). 

Coronaviruses are zoonotic and they are members of a large family of viruses that

can infect humans (Su, S., et al., 2016). Coronaviruses typically have a narrow host range

and can cause serious illness in many animals; infectious bronchitis virus, feline infectious

peritonitis  virus  and  infectious  gastroenteritis  virus  are  the  most  important  pathogenic

viruses among coronaviruses. These viruses are also transmitted from animals to humans

and cause serious diseases (Kuru, T. T., Asrat, D., 2004).

Coronaviruses are studied in different groups. Differences in the genomic structure

of  the  virus  and  its  antigenic  interactions  with  the  host  cell  are  important  in  the

differentiation of these groups (Yücel, B., Görmez, A. A., 2019).
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Although there is no complete information about the coronavirus diversity on our

planet,  there  are  7  types  of  coronaviruses  known  to  infect  humans.  The  severity  of

respiratory symptoms varies depending on the type of virus. 

Four  of  these  viruses  (HCoV-229E,  HCoV-OC43,  HCoV-NL63  and  HKU1-CoV)  are

responsible for almost half of common colds in humans (Ludwig, S., Zarbock, A.,  2020).

Researchers  initially  thought  that  coronaviruses  cause  only  mild  cold  and  flu-like

symptoms in humans. However, in the last  20 years,  2 strains have triggered alarming

disease outbreaks. The virus (SARS-CoV) that causes Severe Acute Respiratory Syndrome

(SARS), which also appeared in China in 2002, killed more than 770 people worldwide,

while  another  one,  Middle  East  Respiratory  Syndrome  (MERS-CoV),  emerged  in  the

Middle East (Saudi Arabia and Jordan) in 2012 and killed more than 800 people. While

SARS disappeared within a year, MERS still continues. As a result of detailed research, it

has been revealed that SARS-CoV is transmitted from musk cats and MERS-CoV from

dromedary  camels  to  humans.  There  are  many  coronavirus  that  have  not  yet  been

transmitted to humans but are detected in animals (Li, F., 2016). 

Coronaviruses  are  viruses  having an envelope,  single  RNA strand,  and positive

polarity.  Since  they  have  positive  polarity,  they  do  not  contain  RNA-dependent  RNA

polymerase, but they have a gene encoding this enzyme in their genome. There are rod-like

extensions on their surfaces and these viruses are named as Coronavirus (crowned virus),

starting  from  the  Latin  equivalent  of  "corona",  that  is,  "crown"  (Heald-Sargent,  T.,

Gallagher, T., 2012). 

At  the  end  of  2002,  an  unusual  life-threatening  respiratory  tract  epidemic  of

unknown etiology began in Guangdong Province, China (Drosten, C., et al., 2003).  In the

last two decades, it has been two crucial coronavirus epidemics, SARS-CoV (2002) and

MERS (2012) (Cui, J., et al.,2019). SARS-CoV-2 and other coronaviruses, SARS-CoV and

MERS-CoV are quite similar genetic and at the protein production level (Hatmal, M. M.

M., et al., 2020).

1.1.1 Severe Acute Respiratory Syndrome (SARS)

Sars Corona Virus (SARS CoV) is a coronavirus that was first seen in China in

February 2003 and causes severe acute respiratory syndrome (Kuru, T. T., Asrat, D., 2004).

SARS-CoV generally causes disease in animals. It is estimated that the SARS-CoV seen in
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humans most  likely  originated from bats  and coincidentally  infected humans.  As most

common cold viruses, SARS-CoV is relatively resistant and highly contagious RNA virus.

It is spread from person to person by respiration, as a result of contact with contaminated

fomites, body fluids or feces. 

The fact that approximately 20% of the infections are in healthcare workers indicates the

high infectivity of the virus. Close contact is especially important in contamination (Yücel,

B., Görmez, A. A., 2019). SARS-CoV binds to CEACAM1 receptors, known as adhesion

molecules, found on the cell  surface of humans and animals in various tissues such as

epithelial cells, leukocytes and tumor cells. After this interaction, the genome of the virus

enters the host cell (Yang, Y., et al., 2020). SARS-CoV reaches the respiratory tract through

the droplet inhalation and occupies the epithelial cells of the trachea, bronchi, bronchioles

and alveoli (Guo, Y., et al., 2008).  SARS-CoV typically causes a wide range of illnesses,

including symptoms such as high fever, weakness, chills, and fatigue (Cameron MJ, et al.,

2008).  In  general,  a  typical  respiratory  phase  including  non-productive  cough  and

shortness of breath is initiated 2 to 7 days after the onset of SARS. In two-thirds of infected

patients,  the disease worsens to  atypical  pneumonia with shortness  of breath and poor

alveolar oxygen exchange (Perlman S, Dandekar AA., 2005). According to WHO reports,

8096 people were infected with the SARS-CoV and 774 (9.6%) people died in 11 countries

(Luk, H. K., et al., 2019).

The size of the genome of SARS CoV can range from 29 kb to  30.2 kb.  This

genome  is  packaged  in  a  helical  capsid  formed  by  the  nucleocapsid  protein  (N)  and

surrounded by an envelope. There are three structural proteins (M, E, S) related with viral

envelope. Although membrane protein (M) and envelope protein (E) provide a complete

mature virus formation, the pointed protein (S) selects the host cells and determines the

cells which the virus will enter (Li, F., 2016). 

Two-thirds  of  the  5  'region  of  the  SARS  CoV genome  encodes  non-structural

proteins, while one-third of the 3' region encodes structural proteins (Luk, H. K., et al.,

2019).                                                              

1.1.2 Middle East Respiratory Syndrome (MERS)

In 2012, a new betacoronavirus emerged in the Arabian Peninsula which is called

as  Middle  East  respiratory  syndrome  coronavirus,  MERS-CoV, and  is  associated  with
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severe respiratory disease in humans (De Wit,  E., et  al.,  2013).  Common symptoms of

MERS-CoV include  tremor,  chills  with  chills,  migraine,  cough,  sore  throat,  difficulty

breathing, muscular rheumatism, chest pain, kidney failure, pneumonia, dizziness, nausea

and  vomiting,  dysentery  and  stomach  pain.  The  first  case  of  Middle  East  Respiratory

Syndrome was detected in a patient with acute pneumonia and kidney failure in Jeddah,

Saudi Arabia (Zaki, A. M., et al., 2012). 

The  source  of  the  virus  is  usually  animals  with  the  inclusion  of  bats,  camels  and

chimpanzees. 

It has been reported to be transmitted from animals to humans and from person to

person (Al-Hazmi, A., 2016) via droplet infection or touching to contaminated surfaces

(Chu, D. K., et al., 2014).  The MERS-CoV incubation period time ranges from 2 to 14

days (Zaki, A. M., 2012). 

1.1.3 Severe Acute Respiratory Syndrome-2 (SARS-2)

In December 2019, WHO reported on an as-yet unknown outbreak of pneumonia in

Wuhan,  Hubei  Province,  China.  On  January  30,  2020,  WHO  declared  severe  acute

respiratory  syndrome-2  (SARS-CoV-2)  as  an  epidemic.  On  February  11,  2020,  WHO

named the current coronavirus outbreak as Coronavirus Disease 2019 (COVID-19) and

finally as SARS-CoV-2 (Wang, M. Y., et al., 2020).  It was reported that SARS-CoV-2

displayed the typical features of the coronavirus family which is betacoronavirus family

(Lai, C. C., et al., 2020). Early in the pneumonia outbreak in Wuhan, scientists sequenced

the full genome from five patients infected with SARS-CoV-2. It was revealed that SARS-

CoV-2 has 79.5% similarity to SARS-CoV. SARS-CoV-2 is considered to be different from

SARS-CoV and is a novel betacoronavirus that infects humans (Zhou, P., et al., 2020).

The natural reservoir of the SARS-CoV-2 is thought to be bats (Zhang, C., et al.,

2020). A betacoronavirus strain isolated from pangolins, although its natural reservoir was

bats, showed close to 99% similarity to the strain isolated from a patient infected with

SARS-CoV-2 (Liu, Y., et al., 2020). 

Another  study  revealed  that  the  coronavirus  isolated  from SARS-CoV-2  and  a

pangolin in Malaysia has high genetic similarity. The gene similarity between these two

viruses in terms of E, M, N and S genes is 100%, 98.6, 97.8 and 90.7, respectively. These
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similarity rates increased the likelihood of pangolines being intermediate hosts (Xiao, K.,

et al., 2020). 

SARS-CoV-2 provides transmission through droplets (Wang, M. Y., et al., 2020).

Four stages of COVID-19 disease caused by SARS-CoV-2 have been identified. The first

stage is characterized by upper respiratory tract infection. 

The second is the onset of dyspnoea and pneumonia, the third is worsening clinical

scenario dominated by a cytokine storm resulted with hyper inflammatory state, and fourth

is death or recovery (Stasi, C., et al.,2020).

 The most common clinical symptoms of COVID-19 disease are dry cough, fever,

and shortness of breath. Some patients may also experience other symptoms such as sore

throat, headache, myalgia, fatigue, and diarrhea (Chen, N., et al., 2020).

1.2 Structurel Protein of SARS-CoV-2

SARS-CoV-2 is an enveloped, non-compartmentalized, positively sensitive RNA

virus, approximately 65-125 nm in diameter  and approximately 30 kb in size (Araf, Y., et

al., 2020). SARS-CoV-2 contains 4 structural and 16 non-structural proteins (Arya, R., et

al.,  2021).  SARS-CoV-2  forms  four  major  structural  proteins  including  spike  (S)

glycoprotein,  envelope (E)  glycoprotein,  membrane (M) glycoprotein  and nucleocapsid

(N) protein, and several accessory proteins (Jiang, S., Hillyer, C., 2020). 

 1.2.1 Spike (S) Protein

The S protein of SARS-CoV-2 is approximately 77% similar to the S protein of

SARS-CoV (Arya, R., et al., 2021). S glycoprotein is a transmembrane protein found on

the outer surface of the virus. It forms homotrimers protruding from the viral surface and

facilitates the attachment of the virus particle to the host cells with the help of angiotensin

converting enzyme 2 (ACE2) receptors located in the cells of the lower respiratory tract.

The S protein interacts with a serine protease, TMPRSS2, to enter the cell (Hoffmann, M.,

et  al.,  2020).  A furin-like  protease  in  the  host  cell  splits  this  S  glycoprotein  into  two

subunits. These units are an N-terminal S1 subunit and a membrane-bound C-terminal S2

domain (Astuti, I., 2020). The S1 subunit comprise a receptor binding domain (RBD) that

clearly recognizes ACE2 as its receptor, and the S2 subunit ease virus fusion in transmit of

host  cells  (Fehr,  A.  R.,  et  al.,2015).   The  S1  subunit  has  two  well-defined  structural

domains within it,  the receptor binding domain (RBD) and the N-terminal galectin-like
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domain (S-NTD). The RBD structure has a five-helix antiparallel β-layer  (β1- β2- β3- β4-

β5) core surrounded by a short helix on either side. A ring protrudes from the main nucleus,

forming a cradle-like structure for receptor binding. RBD is subject to the condition that

temporarily obscures or reveals determinants of receptor binding. Down-validation refers

to the inaccessible receptor, while up-validation refers to the receptor that is likely to be

unstable naturally. 

This  conformational  variability  is  thought  to  be  conserved  among  the  Coronaviridae

family. The S2 subunit contains four conserved structural regions. These structural regions;

It is a fusion peptide (FP), two heptad repeats (HR1, HR2) and a transmembrane region

(Arya, R., et al., 2021). 

1.2.2 Nucleocapsid (N) Protein 

The N protein  is  one  of  the  structural  proteins  found in  SARS-CoV-2 genome

which is the 419 amino acid long. It consists of 3 distinct regions, the N-terminal domain

(NTD)/RNA binding domain, a serine/arginine-rich (SR-rich) binding domain (LKR), and

a C-terminal domain (CTD). NTD binds to the 3′-end of viral RNA and is quite different.

The charged serine and arginine-rich LKR region can interact directly with RNA and play

a  role  in  cell  signaling.  The  N-NTD,  N-CTD and  SR-rich  domain  were  found  to  be

associated  with  the  genomic  RNA  of  the  virus  through  electrostatic  interactions  by

positively charged amino acid residues and modulate relaxation by phosphorylation to the

specific amino acid after entry into the cell (Rahman, M. S., et al., 20219). The N protein is

the only protein that binds to the RNA genome. It has been suggested that optimal RNA

binding is related to these two domains. It also plays a role in viral assembly and budding,

ensuring  complete  virion  formation.  It  functions  at  viral  replication  unknownly  and

localizes to viral replication-transcription complexes (RTC). 

The N protein not only packages the viral RNA to form the helix nucleocapsid

included in the budding particle but also performs additional roles during viral infection. It

has been shown to function as RNA chaperone and facilitate viral RNA synthesis (Parashar

ve ark.,  2020).  High amounts  of  N protein,  highly  immunogenic,  are  produced during

infection. As it is immunogenic it is one of the strong targets in vaccine studies (Padron-

Regalado, E., 2020).
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 According to the Virus Variation Resource in National Center for Biotechnology

Information databank (Hatcher, E.L., et al., 2017), COVID-19 N protein coding regions are

conserved according to genome datasets. In global genomic NCBI 103 epidemiology, only

a few variations in the N protein (Foshan / 20SF207 / 2020 virus strain S194L, Wuhan /

IVDC-HB-envF13-21 / 2020 virus strain K249I, and Guangzhou / 20SF206 / 2020 virus

strain P344S) have been found. The comprehensive domain structure of the N protein of 4

coronaviruses  (SARS-CoV-2,  SARS-CoV, MERS-CoV, and  HCoV-OC43)  is  shown  in

Figure 1.1 (Saikatendu, K.S., et al., 2007).

 Although the N-terminal domain of the COVID-19 N protein is similar to other

coronaviruses,  its  surface  electrostatic  potential  properties  are  different.  N  region  of

COVID-19 has been determined as target sequence because of COVID-19 specity. For this

purpose, WHO has proposed several primer sets for molecular diagnostics for the COVID-

19 N gene. 
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Figure 1.1 : Sequence characteristics of COVID-19 N protein.(A) Complete genomic
characteristics of Wuhan-Hu-1 COVID-19 isolate (Genebank: MN908947). UTR:

untranslated region; orf / ORF: open reading frame; TRS: transcriptional regulatory
sequences; S: spike glycoprotein coding region; E: envelope protein coding region; M:

membrane protein coding region; N: nucleocapsid protein coding region. Figure shown by
SnapGene Viewer. (B) Domain structure of the coronavirus N protein. NTD: N-terminal

RNA binding domain; CTD: C-terminal dimerization domain. (C) Multiple sequence
sequencing of COVID-19 N-NTD and SARS-CoV N-NTD (UniProtKB: P59595), MERS-

CoV N-NTD (UniProtKB: R9UM87), HCoV-OC43 N-NTD (UniProtKB: P33469). Red
arrows indicate conserved portions for ribonucleotide binding sites, dashed boxes indicate

variable-shaped portions in structural comparisons (Saikatendu, K.S., et al., 2007).

1.2.3 Membrane (M) Protein 

The M protein is the most abundant structural protein in SARS-CoV-2 and is a type

III transmembrane glycoprotein. Its length is 222 amino acids. The M protein has three

main domains: N-terminal ecto domain, followed by three transmembrane helix and C-

terminal endo-domain.  The M protein interacts with itself and other structural proteins.

These interactions induce membrane bending and serve as a checkpoint for the formation

of new virions (Ujike, M., Taguchi,  F.,2015). M proteins are glycosylated in the Golgi
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apparatus  (Graham, R.  L.,  Baric,  R.  S.,  2010).  The modification  that  occurs  in  the  M

protein is necessary for the virion to fuse into the cell and make the protein antigenic. The

M protein plays an important role in the regeneration of virions in the cell (De Haan, C. A.,

et al., 2003).

1.2.4 Envelope (E) Protein 

The E protein is the smallest structural protein of SARS-CoV-2 and is 75 amino

acids long. It is a transmembrane structural protein. It contains 3 different domains: N-

terminal  hydrophilic  ecto-domain,  hydrophobic  transmembrane  domain  and  a  long

hydrophilic C-terminal endo-domain (Hong, M., et al., 2020). E proteins function in the

assembly and morphogenesis of virions inside the cell  (Ruch, T. R.,  Machamer, C. E.,

2012).

1.3 SARS-CoV-2 Detection Methods

1.3.1 Molecular diagnostic tests

The main molecular methods used are PCR and sequencing techniques. In light of

the data obtained by SARS-CoV-2 full genome analysis, specific viral gene regions that

should be used from PCR protocols have been identified. It is proposed by the WHO to

investigate  mainly the E gene,  N gene,  and RNA-dependent  RNA polymerase  (RdRp)

enzyme gene PCR, which encodes the viral envelope protein. The method and reagents

used in  the detection of viral  RNA, as well  as the type,  quality and time of sampling

according to the stage of the disease, are critically important for the clinical sample to be

tested.

Swab  samples  taken  from  the  upper  respiratory  tract  (nasopharynx  and/or

oropharynx) are widely used. Lower respiratory tract specimens such as bronchial alveolar

lavage (BAL) and sputum may also be used in  patients who are eligible  for specimen

collection.

It has been observed that the samples taken from the nasopharynx give two times better

results  than  the  samples  taken  from  the  oropharynx  (Tekol,  S.  D.,  2020).  It  is

recommended  to  study  the  samples  taken  from  the  nasopharynx  and  oropharynx  by

combining them in a common tube. Test sensitivity has been shown to increase by testing

the  upper  and  lower  respiratory  tracts  together  (Wang,  W.,  et  al.,  2020).  Apart  from
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respiratory tract samples, SARS-CoV-2 RNA has also been isolated from stool, urine and

blood samples. Due to the low sensitivity, large-scale studies are needed to determine the

diagnostic value of isolation in these samples and to understand viral shedding. Such as

low  viral  load,  incorrect  sampling,  early  or  late  stage  sampling,  antiviral  drug  use,

inappropriate transport conditions, presence of PCR inhibitors and viral genetic mutation.

False negative results are seen for reasons (Corman, V. M., et al., 2020).

1.3.1.1 Polimerase Chain Reaction (PCR) based diagnosis

The  genomic  structure  of  SARS-CoV-2  plays  a  vital  role  in  the  design  of

appropriate diagnostic tests.  According to the WHO, real time polymerase chain reaction

(RT-PCR)  amplification  of  3  regions  of  the  viral  genome  is  required  to  confirm  the

COVID-19 disease caused by SARS-CoV-2 to test clinical samples. The most used regions

for detection in clinical tests are the structural Envelope (E) region and the non-structural

RNA dependent RNA polymerase (RdRp), N region RT PCR sequence (GGG GAA CTT

CTC CTG CTA GAA TCA GAC ATT TTG CTC TCA AGC TGG GGG AAC TTC TCC

TGC TAG AAT GGC TGG CAA TGG CGG TGA TGC TGC TCT TGC TTT GCT GCT

GCT TGA CAG ATT GAA CCA GCT TGA GAG CAA AAT GTC TG).  The RT-PCR

protocol designed for SARS-CoV-2 involves the extraction of RNA from two regions of

the viral  genome and identifies  these  two regions  within a  few hours.  However, cost-

effective, fast and simple detection strategies are needed. A protocol has been optimized

RdRp genes. This detection protocol, the mean Ct value of 4.38 for the E region and 3.85

for the RdRp region showed 100% agreement with the standard protocol. It has been found

to be a sensitive and reliable method by eliminating the RNA extraction step in the direct

PCR technique and eliminating the cost and time requirement of the test. 

This allows the test to be used in research and facilitates screening and diagnosis in

regions with less economic resources to diagnose COVID-19  (El-Kafrawy, S. A., et al.,

2021).

1.3.2 Serological diagnostic tests

Detection of antibodies or virus-specific antigens against the SARS-CoV-2 virus

are important alternatives for the diagnosis of the disease and monitoring the spread of the
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virus.  The use of these tests are needed for urgent medical diagnosis which is difficult to

access the molecular tests (Lin, D., et al., 2020).

1.3.2.1 Antigen detecting diagnostic tests

Antigen detection tests are based on detecting the presence of viral components in

respiratory tract samples that are expressed during infection by SARS-CoV-2. 

In a study done in Japan, the SARS-CoV-2 genome was transcribed and then RNA

was converted to cDNA, coding regions were amplified and cloned into the pET30a vector.

The recombinant full-length N antigen was expressed in engineered Escherichia coli. N

antigen  was  purified  using  BL21  strains  and  Ni-NTA  resin.  Magnetic  beads

Magnosphere™ MS300 were used in this study. Recombinant N antigens were coupled to

these  tosyl  magnetic  beads  using  the  catalytic  reagent  solution  according  to  the

manufacturer's instructions, and the resulting beads were further blocked with 0.05% BSA

for  6  hours  at  37  °C.  The  applied  test  and  detection  procedure  was  automated  on  a

chemical immunoluminescence analyzer ACCRE6. Fifty microliters of pure plasma was

first  incubated with antigen-coupled magnetic  beads  at  37 °C for 5  minutes.  Unbound

material was then gently removed and then washed three times with Tris buffer. Alkaline

phosphatase-labeled antihuman immunoglobulin (50 µg/mL) was added and incubated for

an additional 5 minutes at 37 °C in MES buffer. After three washes to remove unbound

material, Lumigen APS-5 substrate (50 µg/mL) was added. As a result, the light signal was

measured in relative light units by the photomultiplier in ACCRE6, and the entire test can

be completed in 23 minutes.  The sensitivity and specificity of the test depend on several

factors, such as the disease stage, viral load, and specimen quality (Lin, D., et al., 2020).

1.3.2.2 Antibody diagnostic tests
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Antibodies, also called immunoglobulins, are Y-shaped proteins. When a foreign

substance (antigen) enters the body, it is produced by the immune system and then these

molecules bind to the foreign substance and neutralize it. Antibodies are weapons used by

the immune system to fight new infections (Togay A. and Yılmaz N., 2020).

 Detection  of  IgM,  IgA,  IgG  and  total  antibodies  reflecting  the  host  immune

response  developed  during  infection  constitutes  a  wide  range  of  tests.  Antibody

development is largely dependent on the state of the host immune system; It is affected by

age, nutrition, use of immunosuppressive drugs and concomitant diseases (De, D.,  Pandhi,

D., 2020). 

Clinically, SARS-CoV-2 specific IgA and IgM were detected 7 days after  virus

infection and 3-4 days after onset of symptoms. The specific IgG of the virus appears 7-10

days after SARS-CoV-2 infection (Cai, X. F., et al., 2020)

The ELISA test is based on coloring the reaction using enzyme-labeled conjugate

and  enzyme  substrate  to  show  the  specific  antigen-antibody  reaction.  Currently,  the

enzyme-linked  immunosorbent  assay  (ELISA),  colloidal  gold  immunochromotographic

assay (CLIA) are the most preferred methods for detecting SARS-CoV-2.  Antibody-base

methods targeting IgG and IgM produced against recombinant N and S proteins of SARS-

CoV-2 are consistent with results obtained with nucleic acid-based methods. As a result of

these studies, it was found that the receptor binding domain (RBD) of the viral S protein of

the SARS-CoV-2 virus showed better antigenicity than the viral Nucleocapsid protein for

the diagnosis of SARS-CoV-2 infection. In addition, a recent report indicates that the level

of  IgA  in  patient  serum  is  positively  correlated  with  the  severity  of  COVID-19,

furthermore,  the identification of  IgA in serum indicates  that  it  can also be used as  a

biomarker for COVID-19. The sensitivity of IgG and IgM targeted methods is over 71.4%

and  57.2%,  and  even  their  sensitivity  increases  to  97.5%  and  87.5%,  respectively.

Specifically, the sensitivities of RBD-specific IgA, IgM, and IgG were 98.6%, 96.8%, and

96.8%, respectively, and the sensitivities of RBD-specific IgA, IgM, and IgG were 98.1%,

92.3%, and 99.8%, respectively (Li, C., and Ren, L. (2020).  

The  positive  result  of  the  serological  test  performed  to  detect  IgA  and  IgM

antibodies against COVID-19 infection indicates that the person has recently encountered

the virus. Positive detection of IgG antibodies in the test indicates exposure to COVID-19.
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This antibody usually reaches positive levels within 10 days after the first symptoms start.

The indicator of understanding the person's response to the virus with the immune system

is a positive response of the IgG antibody. This result becomes even more important in

determining people who have had the disease asymptomatically (Togay A. and Yılmaz N.,

2020).   Multiple  samples  can  be  examined  simultaneously  with  RT-PCR  and  ELISA

testing.

However, trained personnel  and laboratory  equipment  are  required  to  carry  out

these tests. The tests duration is approximately 1 hour.

1.4 Lateral Flow Test (LFT) Based Diagnosis

The specifity of SARS-CoV-2 N gene regions has potential to be adapted to various

identification methods including immunochromatographic tests. The first type of LFT is

the pregnancy test (O’Farrell, B., 2009). Due to the bacterial and virus infections caused by

COVID-19 and various epidemics the development of rapid point-of-care tests such as

LFTs are always needed.

These tests have many advantages compared to the other detection methods, such

as being fast, simple, robust and cost-effective. LFT results can be observed with the naked

eye and efficient test platform is being developed (Sajid, M., et al., 2015). Basically, it is

easy to use diagnostic device used to verify the presence or absence of a target analyte in

humans or animals, such as pathogens or biomarkers or contaminants in water sources,

foodstuffs  or  animal  feed.  Due  to  their  versatile  structure  of   LFT  is  used  in

pharmaceutical, environmental, animal health, food and feed test, plant and product health

(Kaya, E., et al., 2014). LFTs are usually produced in strip form. It is often 4-6 mm in

width, 6-7 cm in length, and 1-2 mm in thickness. These dimensions are generally similar

as it operates according to the capillary flow principle. 

The  remarkable  parts  of  the  structure  of  the  immunochromatographic  card  tests  are

generally listed below.

1. Plastic base and cassette cover.
2. Cellulose-made sample pad where the sample is dropped.
3. Fiber glass structured reaction pad containing colored molecules and antibodies and

where reactions take place.
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4. Nitrocellulose  membrane  where  capillary  current  takes  place  and  the  result  is

monitored.
5. Test line and control line.
6. Cellulose-made waste pad where the remaining sample accumulates (Kaya, E., et

al., 2014).
In general,  LFT consists  of  4  basic  materials.  These materials  are;  sample pad,

conjugate pad, absorbent pad and nitrocellulose membrane. LFT works on the principle of

capillary  flow.  The  sample  solution  dropped  on  the  sample  pad  passes  through  the

conjugate  pad  and  moves  towards  the  nitrocellulose  membrane(NCM).  If  the  target

sequence is present in the sample solution with the test and control line on the NCM, it

hybridizes.  Excess sample solution advances through the absorbent pad and the excess

accumulates on the absorbent pad (Kaya, E., et al., 2014). Figure 1.2 shows that schematic

representation of the LFT.

Figure 1.2 : Schematic representation of the lateral flow test (Wang, Z., et al., 2014).

The pH adjusted and buffer pretreated sample is applied to the sample pad. If there

is a target (antibodies, nucleic acids) in the applied sample solution, the test line is bound

to the detection probe.  The target  detection probe mix moves across the nitrocellulose

membrane,  and  then  the  complementary  probe  reacts  with  the  target  molecule  and  is

captured in the control line. The formation of a colored line visible to the naked eye on the

test line and control line indicates a positive result. 

A number  of  LFTs were  developed  for  the  diagnosis  of  COVID-19.  Although

antibody and nucleic acid based LFTs  are announced most of them are based on antibody
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detection caused by SARS CoV-2. For instance they have been developed specifically for

antibodies  produced  against  N,  S  and  Orf3a  proteins  SARS-CoV-2.   Interestingly,  no

antibodies were detected to E protein. 

The diagnostic indexes of LFT-based IgM/IgG tests were demonstrated at different

time points after onset of the symptoms, where in at 0–7 days, 8–15 days and 16 days or

more  after  symptom onset  these  tests  showed 18.8%,  100% and 100% sensitivity  and

77.8%, 50% and 64.3% specificity, respectively. Additionally, IgM and IgG based LFT was

also  developed  by  using  the  recombinant  RBD domain  of  S  protein  of  SARS CoV2.

Results interpreted with both IgM and IgG bands showed 88.66% sensitivity and 90.63%

specificity which were better than single IgM and IgG tests.  A study in the United States

with defined cases estimated 91.8% sensitivity and 99.5% specificity (Ejazi, S. A., et al.,

2021). In terms of the nucleic acid based LFTs for SARS CoV2, the test principle depends

on the CRISPR based method and needs the complex and expensive experimental steps

(Broughton, J. P., et al., 2020, Xiong, D., et al., 2020).

1.5 Aim of the Study

This study aims to develop a detection platform for the N gene region of SARS-

CoV-2 that  causes  COVID-19 using AuNP based LFT. For  this  purpose,  two types  of

sandwich models for the detection of different sized N gene regions were designed and

applied to the assay. 

2. MATERIALS AND METHODS                                           
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2.1 Materials

2.1.1 Chemicals and reagents

The chemicals  used  in  this  study were  all  analytical  grades. Gold(III)  chloride

trihydrate was purchased from (Alfa Easar), and Sodium citrate dihydrate (Thermo fisher),

Tris-HCl  (Applichem),  KCl-NaCl  (Merck),  MgCl2-CaCl2-SSC  (Multicell),  Tween-20

(Biofrox), TCEP (Sigma Aldrich), Gene Ruler 100bp DNA ladder-Ultra Low Range DNA

ladder-10X Reaction buffer-Tag DNA polymerase (Thermo Scientific),  6X loading dye

(Fermentas), Nuclease free water (Promega) were also used in this study. Ultrapure water

was used for the preparation of all solutions during the study. The nitrocellulose membrane

cards  were  purchased  from  Whatman,  Germany,  and  absorbent  pad,  sample  pad  and

conjugate pad were purchased from Millipore, USA. 

2.1.2 Buffers and solutions
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A few buffer solutions were prepared and used for LFTs optimizations. The list of

experienced buffers is given in Table 2.1.

Table 2.1 : Buffer tables

10X PBS 

(20mL)

50mM

NaCl

5mM

KCl

20mM

Na2HPO

4

KH2PO4

Sodium 

Phosphat

e Buffer  

(50mL)

20mM

NaH2PO
4

Na2HPO
4

 BSA 0.25

%Tween-

20

10

%Sucros

e

No. 14 

Running 

Buffer 

(10mL)

20mM

Tris

50mM 

NaCl

5mM KCl MgCl2 CaCl2 0.1M

m 

BSA

Triton

-X

100

No 4. 

Sample 

Pad 

Buffer 

(10mL)

0.05M

Tris-HCl

Triton-X

100

0.15M

NaCl

No. 5 

Sample 

Pad 

Buffer 

(10mL)

0.1mM

NaCl

0.2

%Tween-

20

PBS

2.1.3 Test strip components
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Strip cards have four components. They are nitrocellulose membrane (Whatman 1

and Whatman 2) as a main reaction material,  glass fiber pads as a conjugate pads and

cellulose fiber pad as a sample application pad and absorbent pad.

2.1.4 Synthetic oligonucleotides

All modified and unmodified synthetic oligonucleotides for target hybridization and

universal PCR primers were purchased from Integrated DNA Technologies (IDT) and were

dissolved in nuclease-free water then stored at -20°C. A target sequence of 72 and 50 bases

in length from the N gene of the SARS-CoV-2 virus was selected for optimization studies

and also purchased from IDT. As a negative control running buffer, SE-20-60 aptamer and

ORF 1ab was used for selectivity. Table 2.2 demonstrates the used sequences and primer

sets in this study. 
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Table 2.2 : Sequences and modifications of synthetic probes for N gene detection

Synthetic target 1 

(72bp)

5’-GGG AGC CTT GAA TAC ACC AAA AGA TCA CAT TGG CAC 

CCG CAA TCC TGC TAA CAA TGC TGC AAT CGT GCT ACA-3’ 

Probe 1 5’ TTT GGT GTA TTC AAG GCT CCC AAA AAA AAA-3 -SH’ 
Detection probe 1 

(TL)

5’bio AAA AAA TG CGG GTG CCA ATG TGA TCT 3’ 

Complementary  

probe 1 (CL)

5’ GGG AGC CTT GAA TAC ACC AAA TTT 3’bio 

Synthetic target 2 

(50bp)

5’ AAT ACA CCA AAA GAT CAC ATT GGC ACC CGC AAT CCT 

GCT AAC AAT GCT GC -3’

Probe 2 5’ T GCC AAT GTG ATC TTT TGG TG AAA AAA AAA-3 –SH
Detection probe 2 5’bio AAA AAA GC AGC ATT GTT AGC AGG ATT 3’
Complementary  

probe 2 (CL)

5’ CA CCA AAA GAT CAC ATT GGC A TTT 3’bio

Negative control 1: 

SARS-CoV-2 ORF 

1ab

CCC TGT GGG TTT TAC ACT TAA ACG ATT GTG CAT CAG CTG 
ACC CTG TGG GTT TTA CAC TTA AAA ACA CAG TCT GTA CCG
TCT GCG GTA TGT GGA AAG GTT ATG GCT GTA GTT ATA ATC 
AAC TCC GCG AAC CCA TGC TTC AGT CAG CTG ATG CAC 
AAT CGT

Negative control 2: 

SE-20-60-  

5’Bio CTC CTC TGA CTG TAA CCA CGC ACA AAG GCT CGC 
GCA TGG TGT GTA CGT TCT TAC AGA GGT-3’ 

Forward primer : GGG AGC CTT GAA TAC ACC AAA A
Reverse primer : TGT AGC ACG ATT GCA GCA TTG

2.2 Methods

2.2.1 Gold nanoparticle synthesis 
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Gold nanoparticles (AuNPs), approximately 20 nm in diameter, were prepared by

reducing HAuCl4 with sodium citrate (Grabar, K. C. et al, 1995). All the glass materials

used in the synthesis of AuNPs were cleaned with acid solution. It was rinsed with pure

water and used after drying.  Briefly, 100 mL of 1mM HAuCl4 solution was boiled by

stirring continuously with magnetic stirrer. Then 1% sodium citrate was added. After 2-3

minutes  the  color  of  solution  turned  from black  to  red,  boiling  was  continued  for  10

minutes and finally the solution was allowed to cool room temperature. AuNP solution was

filtered through a 0.45 µm acetate membrane filter before using. AuNP solution was four

time concentrated (4X) for oligonucleotide conjugation by centrifugation at 3750 rpm at

10°C for 30 minutes using Amicon Ultra centrifuge tube.

2.2.1.1 Conjugation of AuNPs with thiolated oligo probes

Conjugation  of  5'  thiolated  DNA probes  with  AuNPs  was  performed.  Before

starting  the  conjugation,  tris(2-carboxyethyl)phosphine  (TCEP)  was  used  to  break  the

disulfide bonds in the probes (probe 1 and probe 2 given the Table 2.2) and activated for

oligonucleotides  binding.  Briefly,  10  µM  TCEP  and  100  µM  thiolated  probes  were

incubated for 1 hour. Then oligonucleotides were added to the 4-fold concentrated AuNP

solution and incubated for overnight at room temperature.. 

After the incubation,  the resulting conjugate was aged slowly by adding 0.1 M

phosphate buffered saline (PBS) and incubated at 4°C. Excess reagents were removed by

centrifugation at 12000 rpm for 30 minutes, and after discarding the supernatant, the pellet

was washed with sodium phosphate buffer at two times. After the centrifugation pellet was

resuspended in 20 mM sodium phosphate buffer containing 5% BSA, 0.25% Tween20, and

10% sucrose and stored at 4˚C.

2.2.2 Preparation of test components
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The LFT strip consists of four components: sample application pad, conjugation

pad,  absorbent  pad,  and  nitrocellulose  membrane.  Each  component  was  prepared

separately and then combined. The sample applied was soaked with Tris buffer containing

0.25% Triton X-100 and 0.15 M NaCl before use and dried at 37° for 1 hour.

The conjugate pad was soaked with of AuNP-DNA conjugates and dried at 37° for

1 hour. Absorbent pad was used without any treatment.

Complementary probe and detection probes were immobilized on the nitrocellulose

membrane  using  micropipette  manually  in  the  principle  of  the  interaction  of  biotin-

streptavidin to create the visible lines in each strip. Shortly, 1 mg/mL of streptavidin and

100 µM biotinylated probe were mixed and incubated for 1 hour. Then it was centrifuged

at 14000 rpm for 15 minutes using with an ultra centrifugal tubes and washed with PBS for

two times. Finally, remaining part was added with PBS and store at -20°C. Then 0.6 µL

conjugated oligonucleotides were dispensed onto the NCM as a test and control line by

pipetting.

2.2.3 Assembly of lateral flow test strip

When  assembling  the  test  strip,  the  sample  pad,  conjugate  pad,  nitrocellulose

membrane, and absorbent pad were cut into 0.4 cm dimensions and overlapped together.

2.2.4 PCR conditions for N protein sequence 
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The sequence of the 72 base long N sequence was amplified by PCR and applied to

LFT. PCR mix was prepared in 50 µL volume and conditions were given in Table 2.3 and

Table 2.4.

Table 2.3 : PCR Conditions for 72bp of N gene

Steps Conditions
Initial Denaturation 95°C, 3 minutes

34 cycles
Denaturation 95°C, 30 seconds
Annealing 54°C, 30 seconds
Extension 72°C, 15 seconds

Final Extension 72°C, 4 minutes

Table 2.4 : Optimized PCR conditions for 72 bp amplicon

2.2.5 Agarose gel electrophoresis of PCR products
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Component Final Concentration 
ddH2O -
10X Reaction Buffer 1X
2mM dNTP Mix 0.2µM
10µM Forward 
Primer 

0.5µM

10µM Reverse 
Primer 

0.5µM

121,7 ng/µL DNA 
Template

2.43ng/µL

5 U/μL Taq 
Polymerase

0.05U

25mM MgCl2 2Mm



2% agarose in 25 mL of 1X TAE buffer was prepared and added with 2.5 µL of

ethidium bromide. PCR amplicons were loaded into the gel by mixing with 6X Orange dye

and GeneRuler Ultra Low Range (ULR) and GeneRuler 100bp ladder were used as DNA

marker. The gel was run for 45 minutes at 90V and visualized with the SYNGENE G:BOX

UV gel imaging system. 

2.2.6 Assay procedure for the synthetic target

Both the synthetic target and negative controls were diluted in 100 µL of  5X SSC

as  1 µM final concentration and applied to the sample pad. As a negative control, 100 µL

of  5X SSC was  also  applied.  The  applied  samples  were  allowed  to  pass  through  the

nitrocellulose membrane and reach the absorbent pad. Strip test were then washed with 50

µL of 5X SSC.

2.2.7 Assay procedure for PCR products

Amplified amplicons of the SARS-CoV-2 N gene 72 bp were applied to the LFT.

Prior to administration, amplicons were incubated for 5 minutes at 95°C for denaturation.

ORF 1ab amplicons were used as negative controls. Both the target and negative control

sequences were diluted in 5X SSC as a ratio of 1:10 and loaded into the strips in 100 µL

volume and washed with 50 µL of 5X SSC.

2.2.8 Hybridization models used in LFT
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Two different hybridization models were used in LFT strip studies. These models

hybridize specifically to sequences in the conserved region of the N gene of SARS-CoV-2.

Model 1 and Model 2 were designed  specifically for the WHO-approved conserved N3

sequence of the N gene. Model 1 is for 72 base long, while model 2 is for 50 base long.

Since these sequences were designed specifically for conserved regions in the N gene, they

were successfully used in the LFT. Figure 2.1 shows hybridization models.

Figure 2.1 : Plot of detection of target nucleic acids by sandwich hybridization. a and b
represent 50 base long synthetic target and 72 base long synthetic target, respectively.
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3. RESULTS AND DISCUSSION

3.1 Synthesis of Gold Nanoparticles

Gold  nanoparticles  (AuNPs)  with  an  average  diameter  of  about  20  nm  were

synthesized by the citrate reduction method  (Grabar, K. C. et al,  1995).   The sizes and

shapes of AuNPs directly affect their optical properties. Because of these properties, the

synthesized AuNPs are characterized by analysis  of their absorption maxima. Spherical

colloidal  AuNPs have an average absorption between 500 nm and 570 nm.  While  the

smaller  AuNPs have  an  absorption  close  to  520 nm larger  have  peaks  near  to  longer

wavelengths.  If  AuNPs  are  aggregated,  the  optical  properties  and  absorption  patterns

change significantly. Therefore, UV-visible spectroscopy is used to monitor the stability of

particles. Figure 3.1 shows the maximum absorption peak of synthesized AuNPs (A) and

synthesized and concentrated AuNPs (B).

Figure 3.1 : UV-Vis Spectrum of synthesized AuNPs (A) and 4X concentrated AuNPs (B)

Results  showed  that  the  spectrum  pattern  and  maximum  absorption,  λmax was

observed at 521 nm as expected. This also indicates the pure, unprecipitated and stable

state of colloidal AuNPs.
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3.2 Functionalization of Conjugate Probes

Probes  were  dissolved  in  distilled  water  as  100µM stock  concentrations.  Then

probes were prepared as 2 µM, 4 µM and 8 µM for conjugation as final concentration for

model 1 and model 2.

Since the molecular charge of DNA and AuNPs is negative, electrostatic repulsions

prevent  DNA-AuNP conjugation.  To avoid  this  problem and  increase  the  conjugation

capacity, the solution containing the activated probe and AuNPs was salt-aged with PBS.

After  salt  aging,  excess  salt  and  probes  were  removed  from  the  solution  by

centrifugation  and  the  remaining  pellet  was  suspended  in  20  mM  phosphate  buffer

containing 5% BSA, 0.25% Tween20 and 10% sucrose. Figure 3.2 demonstrates the prob-

AuNP conjugation before and after salt aging.

Figure 3.2 : AuNP-Probe conjugations for model 1(A-B-C) and model 2 (D-E-F). Left
side before salt aging (A-B-C-D-E-F) and right side after salt aging (A-B-C-D-E-F).

Results show that electrostatic impulses are eliminated, and conjugation capacity is

increased. Since the 2 µM prob concentrations caused aggregation of AuNPs (A,D) for two

types of models, 4 µM and 8 µM probs (B,C and E,F) were used for further experiments as

they stabilize the AuNPs and do not show the flocculation. 
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Figure 3.3 : Absorption spectrum of  4µM(A) and 8µM(B) oligo conjugate of  model 1.

Result  shows that  after  the conjugation of  4µM probe , λmax    of naked AuNPs

changed from 521 nm to 529 nm(A) and 526 nm (B) after the conjugation of 8µM probe 1.

The  increase  in  λmax   values  in  both  conjugates  indicates  successful  binding  of

oligonucleotides on AuNP.

Figure 3.4 : Absorption spectrum of  4µM(A) and 8µM(B) oligo conjugate of model 2.

Result  shows that  after  the  conjugation  of  4  µM prob 2,  λmax  of  naked AuNPs

changed from 521 nm to 527 nm (A) and 528 nm (B) after the conjugation of 8 µM prob 2.
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The  increase  in  λmax values  in  both  conjugates  indicates  the  successful  binding  of

oligonucleotides on AuNPs.

While the naked AuNPs have a wavelength of 521 nm, the wavelength of the prob

1 conjugate for 4µM (529 nm) and 8µM (526 nm) and prob 2 conjugate for 4µM (527 nm)

and 8µM (528 nm) is higher than the synthesized AuNP. Thus, this indicates that oligo-

AuNP conjugations were successfully performed. As expected, stability was achieved by

4µM  and  8µM  concentrations  and  future  experiments  were  continued  with  these

concentrations since there was no precipitation.

3.3 N Gene PCR 

The N3 region of SARS-CoV-2 was amplified by PCR (Figure 3. 5)  and used as

target in LFT.

Figure 3.5 : Agarose gel image of PCR product. A) Ultra Low Range DNA ladder. B) 100
BP DNA ladder. C) N gene product.
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3.4 The Working Principle of LFT

The working principle of nucleic acid-based LFT is that if the sample applied to the

sample pad contains the target sequence, it partially hybridizes to the AuNP-probe complex

present in the conjugation pad. After that it will be captured by detection prob present on

the test line on the NCM via hybridization. A red line originating from AuNP appears on

the test line. The excess amount of conjugate makes hybridization by complementary probe

present on the control line on NCM. The formation of a red line on the test line indicates

that the analyte is present in the sample and test is positive. 

A red line on the control line also indicates that the test is working successfully. If

there is no line on the control line, the test is invalid. 

3.5 Temperature Optimization Experiments

SARS-CoV-2, N gene specific synthetic oligonucleotide was applied to LFT. Target

was brought to final concentrations of 1 µM with 5X SSC. As a negative control 5X SSC

was used and strips were washed with 5X SSC. Temperature optimization was done using

Whatman 2 (Figure 3.6) and Whatman 1 membranes (Figure 3.7) for model 1.

Figure 3.6 : Temperature optimization for LFTs using Whatman 2 membrane. Strips 1-3-5-
7 were applied with 1µM target analyte in 5X SSC and strip 2-4-6-8 were applied with 5X
SSC as a negative control. Strip 1-2-5-6 have 4µM probe, strip 3-4-7-8 have 8µM probe

experiments. RT: Room temperature. Sample pad buffer no.4 was used for the sample pad.
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Figure 3.7 : Temperature optimization for LFTs using Whatman 1 membrane. Strips 1-3-5-
7 were applied with 1µM target analyte in 5X SSC and strip 2-4-6-8 were applied with 5X

SSC as a control. Strip 1-2-5-6 have 4µM probe, strip 3-4-7-8 have 8µM probe
experiments. RT: Room temperature. Sample pad buffer no.4 was used for the sample pad.

The results in Figure 3.6 and 3.7 show that RT and 37°C have no significant result

in terms of the line intensity. However, drying at 37°C have a little more efficiency in the

flow  rate  and  the  binding  of  AuNP  in  the  conjugate  pad.  Additionally,  Whatman  2

membrane seems better than Whatman 1 for model 1 at 37°C. Therefore, strip preparation

was performed at 37°C for further experiments with Whatman 2 membrane for model 1.

There were also no significant differences for the probe concentration (4 µM - 8 µM) in

terms of the flow and line intensity (Figure 3.6).
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3.6 Buffer Optimization Experiments

Buffers have a significant effect on LFTs. Since they cause nonspecific binding or

prevent the efficient flow 3 types of running buffer and 2 types of sample pad buffer were

experienced for model 1 optimization using Whatman 2 membrane and 4µM (Figure 3.8)

and 8 µM probe (Figure 3.9). They are No.14, 5X SSC, 1X PBS as a running buffer and

sample pad no.4 and sample pad no.5 as a sample pad buffer. 

Figure 3.8 : Buffer optimization for LFTs using 4µM of model 1 . Buffers were applied as
alone and with the target. Strips 1-3-5-7-9-11 contain 1µM target. Strips 2-4-6-8-10-12 are

only buffers. RB: Running buffer. 5X SSC used as a negative control.
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Figure 3.9 : Buffer optimization for LFTs using 8µM of model 1 . Buffers were applied as
alone and with the target. Strips 1-3-5-7-9-11 contain 1µM target. Strips 2-4-6-8-10-12 are

only buffers. RB: Running buffer. 5X SSC used as a negative control.

In the Figures 3.8 and 3.9, 4 µM and 8 µM conjugates were applied in running

buffer using Whatman 2 membrane and sample pads 4 and 5. It was continued with 5X

SSC as a running buffer because it did not show non-specific binding and the flow rate was

appropriate (Figure 3.8, strip 6,12; Figure 3.9 strip 12). Therefore, sample pad no.4 was

selected for further studies. Because it gave better line intensity, test and control lines were

prominent, and flow was not affected negatively.
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3.7 LFT for PCR Product 

N gene region amplified by PCR was applied to LFTs strips prepared on Whatman

2  membrane  in  5X  SSC  as  a  running  buffer.  Figure  3.10  shows  the  PCR  product

experiment on LFTs. According to the results, the N gene region amplified by PCR was

detected by LFT successfully and selectively and it did not show the nonspecific binding to

the  ORF 1ab sequence  as  expected.  This  means  that  model  1  is  suitable  for  selective

hybridization in the LFT.

Figure 3.10 : Application of PCR product of N3 gene region to LFT using Whatman 2
membrane with model 1. 5X SSC buffer and sample pad no.4 was used in the assay. ORF

1ab sequence was used as negative control.
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3.8 Result of Model 2

50 base long target application is shown in Figure 3.11.

Figure 3.11 : LFT strip assay developed by two models. Strips 1-4 were developed by
Whatman 2(A) membranes and strips 5-8 were developed by Whatman 1(B) membranes.
5X SSC was used as RB. 1µM target was loaded on the strips 1,3,5,7. Strips 2,4,6,8 are

negative controls applied with 5X SSC buffer.

According to the results in Figure 3.11, nonspecific binding was not observed in

LFT  with  Whatman  2  membrane.  However,  nonspecific  binding  was  detected  in  the

Whatman 1 membrane using 4 µM and 8 µM strip (6,8). Therefore, further studies were

performed by Whatman 2 membrane for two probe concentrations (Strip 1-4).
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3.9 Limit of Detection

Limit of detection (LOD) of LFT for SARS-CoV-2 detection was performed by

using synthetic target with Whatman 1 membrane and Whatman 2 membrane. Both 4 µM

and 8 µM probs were used. Sample pad no. 4 was used in all LOD experiments. 5X SSC

was used as RB and experiments were performed by 4µM and 8 µM probe 1 and probe 2.

The detection limit results were given in Figure 3.12, 3.13, 3.14, and 3.15. 

Figure 3.12 : Limit of detection experiments using Whatman 2 membrane with Model 1.
Strips 1,2,5,6,9,10 contain 4µM probes 1, strips 3,4,7,8,11,12 contain 8µM probes 1. Strips

1-4 contain a 0.1µM target, strips 5-8 contain a 0.5 µM target, and strips 9-12 contain a
100pM target. 5X SSC was used as RB and negative control.

Figure 3.12 results showed that the LOD is detected by 4 µM and 8 µM probs 1 as

0.5 µM (strip 5,7). These strips were developed by Whatman 2 membrane with Model 1.
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Figure 3.13 : Limit of detection experiments using Whatman 2 membrane with Model 2
(A-B-C). Strips 1,2,5,6 contain 4µM probe 2, strips 3,4,7,8 contain 8µM probe 2. A) Strips
1-4 contain 0.1µM target, strips 5-8 contain 0.5µM target. B) Strips 1-4 contain 0.005 µM,

strips 5-8 contain 0.1 µM target. C) Strips 1-4 contain 50pM, strips 5-8 contain 100pM
target. 5X SSC was used as RB and negative control for all experiments.

Figure 3.13 results showed that the LOD is detected by 4 µM and 8 µM probs 2 as

5 nM (strip B1, B3). Thus, this model and optimization is seen as suitable for detection of

low concentration of target.
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Figure 3.14 : Limit of detection experiments using Whatman 1 membrane with Model
1(A-B). A) Strips 1,2,5,6 are 4µM probe, strips 3,4,7,8 are 8µM probe. Strips 1-4 contain
0.1µM, strips 5-8 contain 0.5µM target. B) Strips 1,2,5,6 are 4µM probe, strips 3,4,7,8 are
8µM probe. Strips 1-4 contain a 50pM target, and strips 5-8 contain a 100pM target. 5X

SSC was used as RB and negative control for all experiments.

Figure 3.14 results showed that the LOD is detected by 4 µM and 8 µM probes as 0.1 µM

(strip A1, A3). Although there is no significant difference between strip A1 and A3, A3

might be used for low detection of SARS-CoV-2 N gene region as the test line intensity is

better than A1.
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Figure 3.15 : Limit of detection experiments using Whatman 1 membrane with Model 2
(A-B). Strips 1,2,5,6 are 4µM, strips 3,4,7,8 are 8µM. A) Strips 1-4 contain 0.1µM target,

strips 5-8 contain 5 nM target. B) Strips 1-4 contain 50pM targets, strips 5-8 contain
100pM targets. 5X SSC is used as RB and negative control for all experiments.

 Figure 3.15 results showed that the LOD is detected by 4 µM and 8 µM probes as 5 nM
(strip A5, A7). While there is no significant difference between the strip A5 and A7, A7 is
seen as the best assay for low detection of SARS-CoV-2 N gene region compared to the all
developed strips.
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4. CONCLUSION

In this study, LFT strips were developed using colloidal AuNP to detect COVID-19

caused  by SARS-CoV-2.  This  test  platform is  based  on  the  visual  detection  of  target

sequences with the sandwich hybridization model. The main advantage of hybridization is

that the target does not need to be labelled. The test was performed on a nitrocellulose

membrane  having  a  target  specific  detection  oligonucleotide  and  target  specific  probe

conjugated on AuNP. Optimization of the test platform was experienced using different

running and sample pad buffers, applying temperature values, membranes, sandwich model

types and probe concentrations present on AuNPs for the detection of conserved sequence

of SARS-CoV-2 N gene region approved by WHO. According to  the results,  5X SSC

running  buffer  is  suitable  because  of  not  having  nonspecific  binding  and  Whatman  2

membrane  with  sandwich  model  1  is  also  the  best  model  for  developed  LFT for  the

synthetic target and PCR product. LOD studies demonstrated that 5nM target might be

recognized specifically and selectively by developed strip tests.

In summary, the findings showed that the developed LFT, which gives the result in

5-7 minutes, can be used to detect SARS-CoV-2. The real PCR product of N gene region of

SARS-CoV-2  was  recognized  in  parallel  to  the  synthetic  target  gene  detection  by

developed LFT. To the best of our knowledge this study is the first demonstrating that

LFTs can be used in the molecular diagnosis of SARS CoV-2 by designing these sandwich

models. Designed platform also have potential to be developed for new mutated forms of

SARS-CoV-2 since our test principle is based on the molecular recognition of various gene

regions. Therefore, the test platform developed in this study can be considered as a fast,

accurate, easy-to-use and cost-effective detection method for SARS-CoV-2.
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