Mini Abstract

Bovine mastitis a major disease affecting dairy cattle worldwide, results from the

inflammation of the mammary gland. In this study we target Staphylococcus aureus because
it is one of the most significant contagious pathogens. There are many procedures for
diagnosis of S. aureus which require expert technicians and require complicated procedures.
The colorimetric detection of nucleic acid using gold nanoparticles (GNP) is widely used due
to the extraordinary importance of nucleotide sequences in biological analyzes as well as the
characteristics and advantages of using GNP in detection, such as simplicity, easy
preparation, low cost and time saving.

Taking the advantage of colorimetric detection, our technique was plan to detect S.
aureus genomic DNA using GNP conjugated probe. The nuc gene specific probe was
designed because the nucleotide sequence of nuc gene poses apparently unique sequences of
the S. aureus. Thiol group is most widely used as interaction to achieve the stable conjugation
between DNA oligonucleotides and GNP. So, 5’ thiol modified probe was used for
conjugation with GNP. GNPs synthesized by citrate reduction of gold chloride are stable in
solution and show Amax at 515.2 nm for GNP. Upon conjugation with probe Amax shifted from
515.2 nm to 521 nm indicating successful conjugation of probes to GNP. Colour change from
red to purple was observed by decrease in pH upon addition of 130 mM HCI to conjugated
GNP. While below 130 mM HCI concentration no colour change was observed. Initially, the
GNP oligo probe assay was optimized for visual detection using 22 base complementary
DNA sequences. It was found that optimum temperature for hybridization is 60°C for GNP
probe and the target DNA. Colour change was observed from red to purple when hybridised
GNP oligo with complementary DNA due to aggregation of GNP. The sensitivity of this
assay was from sample containing 3.49 ug/ml to 0.35 ng/ml of PCR amplicon of nuc gene
and from 12.59 pg/ml to 1.26 ng/ml of genomic DNA. In order to determine the specificity,
The GNP oligo probe assay was applied to the genomic DNA isolated from S. aureus,
Escherichia coli, Aeromonas hydrophila and Clostridium perfringens and observed that the
solution containing S. aureus, genomic DNA remain red, whereas the solution containing
DNA of other bacteria turned purple after addition of HCI. Thus, this assay can differentiate
S. aureus and non S. aureus genomic DNA by naked eye without using any sophisticated
instrument. This method is rapid and convenient, and can be accomplished within 30-40 min
and a significant colour change that is easily recognized by the naked eye. This method is

suitable for detection of detection of S. aureus genomic DNA from clinical sample.
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1. Introduction

India is the largest producer of milk in the world and it accounts for 22% of the world
milk production (Faye and Konuspayeva, 2020). Animal health is the mainstay of the
speedily growing livestock and dairy industry. Dairy farming forms the second largest
economic activity in India and over 90 per cent of milch animals are reared in unorganized
sector by the small farmers and mastitis is an overwhelming disease upsetting their
livelihood. (Sharma et al., 2004).

Mastitis is the most significant disease in dairy herds. Subclinical mastitis (SCM) in cows
is more prevalent in India than clinical mastitis. Average loss of milk yield due to subclinical
mastitis is up to 17.5% (Shaikh et al., 2019). Mastitiscauses perpetual economic loss to the
farmer because of reduction in milk production and treatment costs (Sharma et al., 2007).
Mastitis is a multietiologic multifaceted disease, in which inflammation of parenchyma cells
of udder take placeand it is reflected by physical, chemical and usually bacteriological
changes in milk and pathological changes in glandular tissues. The mastistis causing bacterial
species are Escherichia Coli, Staphylococcus aureus, Streptococcus agalactiae, and
Corynebacteriumbovisetc

S. aureus causes one of the most common forms of chronic mastitis. The infection is
spread at milking time when S. aureus contaminated milk from an infected gland comes in
contact with an uninfected gland, and the bacteria enter the teat canal. The conventional
identification of pathogen involves isolation and biochemical characterization, which is
timeconsuming and laborious (Elsheshtawyet al, 2019). Nucleic acid-based methods such
Ribotyping, Amplified Fragment Length Polymorphism, Randomly Amplified Polymorphic
DNA, Polymerase chain reaction (PCR), Real Time PCR, Ligase chain reaction (LCR) are
also used for detection of pathogen (Koskinen et al, 2010). Other sensitive methods like
Liquid chromatography-mass spectrometry (LCMS), immuno-PCR, and Chemiluminescence
method were developed. These methods in most cases requires highly specialized personnel,
dedicated equipment and are time consuming (Martins et al., 2019). There is need to develop
rapid approaches, capable of providing on-site information concerning the infection.

Optical biosensors for rapid detection of pathogens are steadily gaining popularity due to
its simplicity and sensitivity. Nanomaterials have exclusive biological and physiological
properties that can be of great utility in creating new gratitude and transduction methods for
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chemical and biological sensors as well as refining the ratio by diminishment of the sensor
elements (Quintelaet al., 2019). Gold nanoparticles (GNP) possess distinct physical and
chemical properties that make them excellent scaffolds for the fabrication of novel chemical
and biological sensors. Surface plasmon resonance (SPR) provide unique optical properties to
GNP (Sahaet al., 2012).

The colorimetric detection of nucleic acid using GNP is widely used due to the
extraordinary importance of nucleotide sequences in biological analysis. It hasas advantages
such as simplicity, easy preparation, low cost and time saving (Jazayeriet al, 2018). GNPs
have been used to detect DNA with high sensitivity and selectivity (Daniel et al., 2004; Sun
et al, 2009). Mutations, single nucleotide polymorphisms (SNPs), chromosomal
translocations, gene expression, and pathogens from clinical samples can be easily detected
(Baptista et al., 2005; Doria et al., 2007; Sun et al., 2009). Taking the advantage of
colorimetric detection, our study was plan to detect S. aureus genomic DNA using GNP

conjugated probe.

The nuc gene code for nuclease enzyme and nucleotide sequence poses apparently
unique sequences of the S. aureus. So, nuc specific primers are used for PCR based detection
of S. aureusby many workers (Brakstadet al., 1992; Kim et al., 2001). Thiol group is most
widely used interaction to achieve the stable conjugation between DNA oligonucleotides and
GNP (Li et al., 2013).

Though various detection techniques are available to diagnose S. aureus but they are
limited to research/diagnostic laboratories there is a dearth of knowledge about the biosensing
of pathogenic S. aureus at the farmer’s doorstep, which can sensitivitily diagnose sub-clinical
mastitis. In view of above-mentioned fact, the present study was aimed towards evaluation of
oligonucleotide probe conjugated GNPfor rapid detection of S. aureus. The study with

following objective.

1. Todesign an oligonucleotide probe for S. aureus detection
2. To evaluate the newly designed probe as bioreceptor for the optical biosensing of

S. aureus




2. Review of Literature

There are many procedures for diagnosis of S. aureus. One of the common diagnosis
methods is use of specific culture media that needs at least numerous days for detection
(Abdelhamid et al., 2014). In recent years, genetic identification methods, especially using
the technique of polymerase chain reaction (PCR) allows significant expansion, quicker
identification ability, and more accuracy than the old method (Huang et al., 2006; Martin et
al., 2016; Amini et al 2017). The analysis of PCR results by electrophoresis are needed for
equipment, materials, and a long duration of time because of the presence of PCR inhibitors;
in this method, sometimes, the result can be falsely negative. In advanced PCR models, such
as real-time PCR, resonant fluorescence energy transmissions are utilized that accelerate the
detection process providing probes, however, is still expensive (Shi et al., 2015; Mehta et al.,
2015; Narmani et al., 2018).

Biosensors show new investigative equipment which are sensitive, fast and portable.
(Ivnitskiet al.,1999). Biosensors are devices at the interface of biology with microsystems
technology, which combine a biological element (bioreceptor) with a physical transducer, the
sensor (Alhadrami, 2018). According to the transducing component, the biosensors can be
shifted to five groups, Electrochemical biosensor (voltametric, amperometric, potentiometric,
and conductometric), Calorimetric biosensor, Thermometric biosensor, Optical biosensor
(colorimetric, luminescent, fluorescent, and interferometric), and Mass-based biosensor

(gravimetric/acoustic wave and magnetic or piezoelectric) (Pinto et al., 2012).

The primary biosensor which was based on enzyme electrode projected by Clark in
1962 (Manna et al., 2013). These biosensors employ biological sensing elements, like
modified transducers, to hold measurement of numerous analytes. (Pablos et al., 2009).
Biosensors have a very vast range of applications like food safety, disease detection, drug
discovery, environmental monitoring, defence and so on, with the purpose of increasing
quality of life (Arora et al., 2011). Nanoparticles have properties such as very small sizes,
surface-to-volume ratios, and unique physical and chemical characteristics, which large-scale
materials lack. In fact, the size of particle makes it a possibility to overcome the quantum
force. This also affects the particle's properties during its reaction to other particles (Chen et
al., 2013).




2.1 Gold nanomaterials

Gold nanomaterials with a wide variety of shapes, such as rods, spheres, cubes, wires,
and cages, GNP are the most popular nanomaterials for sensor applications (Xiao et al.,
2020). Their intrinsic properties, such as good biocompatibility, large surface area, ease of
synthesis and modification, and high chemical and thermal stability make Au nanomaterial
ideal choice as substrates and transducers for sensors. The optical properties of these
materials depend on their size and shape which can be controlled during the synthesis
process. Besides, the surface of GNP can be modified by electrostatic, hydrophobic, and

covalent bonding (Peng et al., 2018).
2.2 Gold nanoparticle (GNP)

GNP (GNP)is one of the most extensively studied nanomaterials. It is polycrystalline
gold nanostructure with an apparently spherical shape and typically 5-100 nm diameter size.
Typical GNP could be synthesized via two well-known approaches, the chemical reduction
and the ligand passivation (Goulet et al., 2010; Peng et al., 2018). The chemical reduction
method by using tri-sodium citrate for the reduction of gold hydrochloride was first reported
by Turkevich et al (1951). The Turkevich method is a relatively simple and reproducible
technique for the synthesis of spherical particles between 10 nm to 30 nm. However, the
particles become less spherical, the size distribution becomes broader, and the results were
less reproducible for the synthesis of GNP above 30 nm size. This method has been further
modified in order to achieve more precise control over the particle size and size distribution
by adjusting the reaction conditions by many workers (Li et al., 2011; Schulz et al., 2014).
Sodium borohydride and ascorbic acid are strong reducing agents, so they can be used to

produce GNP in conjunction to the citrate ions that act as capping ligands.

There are other reducing agents being utilized for GNP preparation with the dual roles
of reducing potential and desired stabilizers, including organic molecules, bacteria,
microorganisms, plant extracts, liposomes, polymer, and inorganic reagents (Setyawati et al.,
2014). Alteration the sizes of GNP could be achieved during the synthesis process by
optimizing the reaction condition. For example, Frens (1973) reported that increasing size of
GNP could be produced by decreasing the ratio of gold chloride/citrate ions in the reaction
system. Piella, et al (2016) controlled the GNP size through stepwise seed mediated route in
which the smaller GNP produced in an earlier synthesis step is used as a seed for the

subsequent growth of the bigger GNP.




In electrochemical sensors, GNP has found application due to their unique ability to
improve the charge transfer processes (Fei et al., 2015) and the electrode’s conductivity
(Glner, et al., 2017). GNP are extensively applied as a colorimetric indicator, because of
their surface plasmon resonance property (Khoshbin, et al., 2018 and Phanchaiet al., 2018).
Along with their optical and electrochemical properties, GNP are very attractive in
biosensing since their high surface area offer unmatched opportunities for high loading of
biomolecules such as antibodies, enzymes, and aptamers; moreover, GNP have been shown
to maintain high bioactivity of immobilized biomolecules (Fei et al., 2015).

2.3 Biosensors for diagnosis of disease based on nanomaterials

Biosensors are devices at the interface of biology with microsystems technology,
which combine a biological element (bioreceptor) with a physical transducer, the sensor
(Alhadrami 2018). In general, when the biological recognition element interacts with a target
molecule, the interaction creates a measurable signal that can be converted into data by the
integrated transducer. There are several types of transducing principles, but the most
commonly studied and in use for pathogen detection are electrochemical (Rotariuet al., 2016;
Zhang et al., 2019), optical (Yoo and Lee, 2016), or fiber optic surface plasmon resonance
(SPR) (Dudak and Boyaci, 2009) and piezoelectric (mass-based) (Pohanka, 2018).
Calorimetric, gravimetrical, magnetic, and acoustic sensors are among other examples
(Welbeck et al., 2011; Valderramaet al., 2016; Umesha and Manukumar, 2018).

Depending on the type of transducer and nature of the target entity, different
recognition elements (probes), can be used (Morales and Halpern, 2018). Single stranded
oligonucleotides, antibodies or parts thereof, and enzymes are common examples of
recognition elements used in sensing bacterial contamination. Less frequent, but emerging as
promising alternatives, are bacteriophages, aptamers, peptide nucleic acids (PNAs), and other
engineered affinity ligands, such as artificial binding proteins and molecularly imprinted
polymers (MIPs) (Vidicet al., 2017).

2.3.1 Electrochemical biosensors (EC)

An electrochemical (EC) biosensor is a self-contained integrated device, which is
capable of providing specific quantitative or semi-quantitative analytical information. EC
biosensors are based on the measurement of changes in current, potential, conductance, or

field effect due to the interaction of the target molecule with the biorecognition element
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(BRE) on the sensing surface. Also, screen printed technology facilitates the largescale
fabrication of portable, low-cost analytical systems that can operate with small sample
volume (Eissaet al., 2018). EC biosensors are preferred due to their robustness, selectivity,
sensitivity, analytical performances than other biosensors (Sheikhzadehetet al., 2016 and
Housaindokhtet al., 2014).

EC biosensors are based on the three-electrode system i.e. working electrode,
auxiliary/counter electrode and a reference electrode (Gattaniet al., 2019, Zhang et al., 2017).
The fundamental principle behind the working of the EC biosensor lies in the transfer kinetics
of ions/electrons from the reaction center to the electrode surface. Both in label-free and
labelled EC biosensors, the increase or decrease in electron transfer is measured Also, screen
printed technology facilitates the large-scale fabrication of portable, low-cost analytical

systems that can operate with small sample volume (Eissaet al., 2018).
2.3.2 Fluorescence biosensors

Fluorescence-based sensors have attracted great interest in presenting high sensitivity,
low detection limit, rapid response, low signal-to-noise ratio, simple instrumentation, and
cost-effectiveness. A variety of fluorescence nano-materials such as metal nanoparticles,
quantum dots (QDs), carbon dots (CDs), graphene oxide, dye-doped silica nanobeads,
nanotubes, and up conversion nanoparticle have been explored in sensing application
(Bhardwaj et al., 2017). Signal generation in fluorescence sensing has been carried out
following a variety of strategies including fluorescence quenching (“turn-off”), fluorescence
enhancement (“turn-on’), ratio metric (calculating intensity ratio of two or more fluorescence
signal), fluorescence resonance energy transfer (FRET), photoinduced electron transfer (PET)
and metal enhanced fluorescence (MEF) (Li et al., 2019).

2.3.3 Surface-enhanced Raman scattering (SERS) biosensors

Surface-enhanced Raman scattering (SERS) is a powerful sensing tool; this presents
several advantages including high sensitivity, reduced analysis time, portability as well as the
ability for multiplex detection. SERS technology takes advantage of the enhancement of the
Raman spectroscopy signal when performed at the surface of noble metal nanomaterials;
signal enhancements of several orders of magnitude (Haoet al., 2017 and Lu et al., 2017)
were reported using this method. SERS is a fascinating method for the identification

(fingerprinting) and detection of microorganisms because of its non-destructive nature.
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Nanomaterials like noble metal colloids, nanospheres, core-shell, gold-coated magnetic
nanoparticle, nano aggregates, and bimetallic nanomaterial have been reported as promising
materials for SERS detections using both labels (indirect) and label-free (direct) approaches.
Labels (SERS reporters) are specific organic molecules like, Rhodamine B, 4-
Nitrothiophenol  4-mercaptopurine  (4-MPY), 4-amino thiophenol (4-ATP), 4-
mercaptobenzoic acid and5,5-dithiobis-2-nitrobenzoic acid (DTNB) that are characterized by
well-known Raman signals. Plasmonic nanoparticles decorated with Raman reporter
molecules and biorecognition elements have been used to design SERS biosensors (Liu et al.,
2017).

2.3.4 Lateral flow-based biosensors

Lateral-flow immunoassay (LFIA) also known as lateral-flow
immunochromatographic (LF- ICA) tests are simple, rapid, and portable systems which
enable qualitative, non-invasive point of care detection (POC) with wider applications in
medical diagnostic (Koczulaet al., 2016). Conventional LFA system suffers from low
sensitivity; nevertheless, in recent times several approaches for the improvement of LFA
have reported including gold enhancement, enzyme labelling, increased loading of antibody,
and use of various nanomaterials like QD, UCNP, peroxidase-like nanoparticle, and graphene
oxide. Besides coupling LFIA systems with instrumental reading (fluorescence, colorimetric,
SERS, and magnetic focus) enabled to obtain more reliable and quantitative data (Pan et al.,
2018).

2.3.5 Colorimetric biosensors

Colorimetry is a well-established method with widely usedin sensor development.
This transduction method has advantages like low cost, simple/no instrumentation, and ease
of fabrication. Naked-eye detection is a fascinating branch of colorimetric methods that
enables qualitative detection of analytes; on the other end, the use of spectrophotometric
reading allows quantitative measurements (Xu et al., 2019). GNP is among the most used
material in colorimetric detection. The different detection approached based on Au
nanomaterials can be classified into three “groups™ (i) approaches based on
aggregation/disaggregation, (ii) approaches based on catalytic properties of the Au
nanomaterials, and (iii) growth of hybrid nanomaterials (Peng et al., 2018).




GNP exhibit different physical and chemical properties when they reach the
nanoscale; there are significant changes in the colour of the nanoparticles that depending on
the size of the nanoscale (Fu et al., 2016 and Luo et al., 2014). The principles of the GNP
colorimetric method are that if the genomic DNA is present in the environment, the probes
are complemented by them. Then, the addition of salt causes the accumulation of GNP and,
as a result, changes the colour of environment. In the absence of genomic DNA, the probes
will remain with the GNP in the solution without any reaction; thus, no colour change occurs
(Shahbaz et al., 2018).

DNA conjugated with GNP are used in a variety of molecular diagnostic applications
such as high sensitivity DNA detection in homogenous solution (Reynolds et al., 2000) and
microarray- based DNA detection (Cao et al., 2006) lab-on-chip based substrates (Park et al.,
2002) atomic force microscopy based detection (Bui et al., 2007) detection of polymerase
chain reaction (PCR) amplicons (Ozsoz et al., 2003; Cai et al., 2010) The optical property of
colloidal gold nano particles forms the basis of its application in rapid and specific
hybridization based DNA detections. This property has already been applied for detection of
eukaryotic gene expression (Baptista et al., 2005), Mycobacterium tuberculosis detection
(Liandris et al., 2009) and for RNA quantification to detect chronic myeloid leukaemia
(Conde et al., 2010).

Shahbaz et al (2018) reported that colorimetric assay was about three times more
sensitive than the PCR method and this assay presents a satisfactorily linear range, low
detection limit, good accuracy and specificity in the detection of the S. aureus target gene.
Similarly, Deb et al (2022) detected E coli specific DNA in milk samples of cow affected
with mastitis in a quick and easy manner using GNP based colorimetric assay.
Bakthavathsalam et al (2012) demonstrate the colorimetric assay is highly sensitive and
reliable screening tool for rapid detection of Escherichia coli causing urinary tract infection.
The detection of presence of bacteria could be performed with high sensitivity and specificity

within the turnaround time of 30 minutes.
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3. Materials and Methods

3. MATERIALS
3.1 Materials

3.1.1. Chemicals and Reagents

All The chemicals, buffers, media and reagents used in this study were high pure
grade obtained from reputed manufacturers viz. Sigma (USA), Fermentas (USA), SRL
(India), Merck (India/Germany) and Hi-media (India). Details and composition of different
reagents, solutions, media and buffers used in the present study are given in the appendix or
at appropriate places. All the chemical solutions were prepared using HPLC grade water.

3.1.2. Bacteria and Bacteriological media:

Staphylococcus aureus, Escherichia coli, Aeromonas hydrophila and Clostridium
perfringens culture obtained from the department of veterinary public health and
epidemiology, Bihar Veterinary College, Patna. Mannitol salt agar used as selective media
for S. aureus. Nutrient broth was used as growth media for S. aureus in this study. All media
were sterilized by autoclaving.

3.1.3. Plastic glassware and other consumables

All the glassware were procured from Borosil. All the plastic wares like petri-
plates, cell culture plates, centrifuge tubes of various capacities, micropipette tips,
microcentrifuge tubes of 0.5 ml, 1.5 ml and 2 ml, thin-walled PCR tubes, syringe filter
were procured from different reputed firms. All the plastic wares were certified non-

pyrogenic and nuclease free and required plastic were sterilized by autoclaved.
3.1.4. Instruments

Air displacement micropipettes viz. P10, P100, P1000 (Coring, USA), Gel
electrophoresis apparatus-Horizontal (Tarsons, India) Gel documentation system- (Bio-Rad,
USA) Refrigerated microcentrifuge (Beckman Coulter, USA), Refrigerator, Whirlpool, India
Ltd, -20°C Deep freezer (Vestfrost, USA), -80°C freezer (New Brunswick Scientific, USA),
Nano spectrophotometer (Cole-palmer, US), Spectrophotometer (Systonic, India),Thermal

cycler (Bio-Rad, USA), microwave oven (LG), Double distillation apparatus (Borosil,

-



India),Weighing balance (Mettler and toledo, India).

3.1.5. Probes and Primers:

Primer and probe used in this study are listed in table 1. Primer and 5’ thiol modified

probe was custom synthesize from Integrated DNA Technologies, India.

Table 1: List of primer and Probe

Primer Sequence (5°-3”) Remarks

NUCF 5-GCGATTGATGGTGATACGGTT-3' Brakstad et al., 1992
NUCR 5-AGCCAAGCCTTGACGAACTAAAGC-3'

Probe 5-TGATTGTCAAACTCGACTTCAA-3 Nuc gene specific

3.2. Methodology
3.2.1. Staphylococcus aureus

The culture of S. aureus was revived from the department of veterinary public health
and epidemiology, Bihar Veterinary College, Patna in 5ml of nutrient broth and incubated
overnight at 37°C. Mannitol salt agar plates were streaked with broth cultures to isolate the
single colonies and glycerol stock prepared from culture in 30 % glycerol and stored at -80°C.
In this study S. aureus was grown in Mannitol salt agar or nutrient broth.

3.2.2. Isolation of Staphylococcus aureus genomic DNA

The genomic DNA was isolated following the method of Wilson (1987) with
modifications. About 0.5 ml of 16 hr broth culture (single colony, inoculated in nutrient
broth) was inoculated in 50 ml of nutrient broth and subjected to incubation at 37°C under
constant shaking for 16 hrs. The pellet obtained by centrifugation at 3500¢g for 15 min at 4°C,
was washed twice with GTE and then suspended in 3.6 ml buffer. After that 400 pl lysozyme
(20mg/ml in GTE buffer) was added and incubated at 37°C for 1 hr. Then 400ul SDS (10%
w/v) and 5ul of proteinase K (20 mg/ml) was added to cell suspension and incubated at 37°C
for 30 min. The lysate was treated with 1ml of 5M NaCl and 800ul Cetyl Trimethyl
Ammonium Bromide (CTAB) (10%w/v in 0.7M NaCl w/v) and further incubation at 65°C in
a water bath for 15 min. Equal volumes of the Phenol chloroform mixture (1:1 v/v) was
added to each tube, mixed gently and centrifuged at 12,000 X g for 10 min. The supernatant
was collected in a separate tube and DNA was precipitated by adding 0.1 volumes of 3 M

ammonium acetate (pH5.2) and 0.6 volumes of Isopropanol and kept at room temperature for
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2 hrs. DNA was pelleted by centrifugation at 15,000 g for 10 min and pellet was washed with
70% ethanol and air dried, then pellet was dissolved in 100 pl nuclease free water containing
RNaseA (20mg/ml), incubated at 37°C for 1 hr. Stored at -20°C till further use.

3.2.3. Checking purity and concentration of DNA

The absorbance of extracted DNA was measured at 260nm and at 280 nm in nano
spectrophotometer. The ratio of OD2go and ODogo was calculated to check the purity of the
extracted DNA.

3.2.4.PCR amplification of nuc gene of Staphylococcus aureus

Amplification of nuc gene was carried out by PCR using nuc gene primers
(Brakstadet al., 1992) which amplify 267 bp product. The PCR reaction was set up in a

standard 25 reaction volume using the following reagents (Fermantas) in a 0.2 ml PCR tube

on ice.

Component Quantity

10 X PCR buffer (Dream Taq) 2.5l
dNTP (10mM) 0.5 ul
Dream Tag DNA Polymerase (5U) 0.2 ul
Forward primer NUCF (10 pmol/ul) 2ul
Reverse primer NUCF (10 pmol/ul) 2ul
Staphylococcus aureusGenomic DNA 3ul
Nuclease free water Up to 25 ul

The cyclic condition used for amplification were as follows

Steps Temperature Time Condition

Heated lid 99 °C
Step | 94°C 5 min Initial denaturation

Step 1l 94°C 1 min Denaturation
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Step 111 60°C 1 min Primer annealing
Step IV 72°C 1 min Extension
Step Il to Step IV repeated 35 cycles

Step V 72°C 10 min Final Extension

The reaction product was analysed by agarose gel electrophoresis. PCR product was
purified by using PCR clean-up system (Promega) and its concentration was measured at 260
nm in nano spectrophotometer. Purified PCR product was also sent for sequencing. Sequence
result obtained from IDT was used for designing of probe.

3.2.5. Designing of probes:

Probe sequence was designed for nuc gene sequence obtained after sequencing hat has
homology among the S. aureus strains. A 22 base oligonucleotide probe was designed using
IDT primer quest tool Care is taken in designing the sequence so that it does not share any
sequence homology with non- S. aureus family members. Additionally, the melting
temperature of the probes was ensured to be within a narrow range. Further the sequence is
checked for potential self-complementarities and also formation of secondary structures was
verified using oligoanalyser software which may otherwise hinder the assay. The final 22
base probe sequence obtained was custom synthesize from IDT with 5’ end thiol
modification.

3.2.6. Chemical synthesis of gold nanoparticle (GNP)

Colloidal GNP was synthesized by using the citrate-reduction method as describe by
(Shahbazi et al., 2018) with slight modification. Briefly 20 pl of 50 mM gold chloride
solution was dissolved in 50 ml water and boiled on hot plate with stirring. Then 2ml of 1.5
% sodium citrate was added drop by drop till color changed to red. After that solution was

allow to boiling for another five min and finally allowed to cool them.
3.2.7. Spectrophotometric Characterization of Gold nano particle

Spectrum analysis of citrate GNP was performed from 400 to 700 nm range using

UV-Visible spectrophotometry to know the Amax.
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3.2.8. Conjugation of thiolated oligonucleotide probe over gold nanoparticle (GNP)

Conjugation of 5 thiol modified oligonucleotide probe was performed as per Nill and
Mirkin, (2006) with slight modifications. Briefly 4 n mol of probe was mixed with 30ul of
10nM TCEP (Annexure-1l) and 5ul of 0.5M Sodium acetate buffer (Annexure-I1), the
mixture incubated for 1 hr (in brown coloured tube or wrapped in aluminium foil) after
incubation added 1 ml of GNP (20 nM) citrated and the mixture was incubated in orbital
shaker at speed of 120 rpm for 15 hrs. There after 104.5 pl of 100mM, pH- 7.0phosphate
adjustment buffer (Annexure-11) and 11.49 ul of 1% SDS was (Annexure-1l) added. The
mixture was kept in continuous shaking for 30 min at speed of 120 rpm. 29ulof 0.3M NacCl
and divided into six equal volumes was added at interval of 8 hrs. The mixture was washed
three times with washing buffer (Annexure-11). There after probe GNP mixture was
centrifuged at 10000 X g for 20 min at 4°C and supernatant was discarded and pellet was
three times washed with 1ml of washing buffer (Annexure-11). Finally, pellet was re-
suspended in 50ul washing buffer and stored at 4°C till further study. Spectrum analysis of
GNP Probe was performed from 400 to 700 nm range in spectrophotometer to know the shift

in band of GNP conjugated with oligonucleotide probe.
3.2.9. Determination of optimal concentration of HCI for the Aggregation of GNP

GNP aggregated in highly acidic medium (Dahl et al., 2020). This experiment was
done to identify the minimum concentration of HCI require to aggregate of GNP. Upon
aggregation the red colour of GNP would turn into blue. In this experiment, mixture of 4 pul
PBS, 1 ul Nuclease free water and 5 ul GNP conjugated probe in 0.2 ml PCR tube was
prepared and heated in thermo cycler at 60°C for 20 min. Different concentration HCI which
comprised of 0 mM (control) 80 mM,100 mM,120 mM and 140 mM were prepared by using
serial dilution, and they were added to this mixture after incubation at room temperature for
10 min The appearances of colour were recorded and compared. The colour change was
observed at 140 mM HCI concentration. Again, this experiment was performed with 120 mM
,130 mM and 140 mM HCI concentration and at 130 mM of HCI colour change was
observed. 130 mM of HCI was used in hybridization experiment.

3.2.10. GNP oligonucleotide probe hybridization assay

This experiment was performed as per method described by Bakthavathsalam et al., (2012).
Briefly a complementary oligonucleotide (5° ACTGGAAACAGTTTGAGCTGAAGTT 3
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specific to the probe sequence was obtained from Eurofins genomics. 1ul of 100 p mol
complementary oligonucleotide in 4 ul PBS was heated to 95°C for 5 min. Then 5 ul GNP
oligo probe was added immediately followed by incubation at 60°C for 20 minutes. This
experiment was performed in duplicate. After hybridization the one sample was subjected to
acid challenge and other subjected to B-mercaptoethanol treatment to remove GNP from
hybridised GNP Probe. The colour of the solution was noted five minutes after the addition of
130 mM HCI and photographed.

The B-mercaptoethanol treatment was performed as per method of Li, et al., (2013).
This was accomplished by mixing 1.3 M B-mercaptoethanol 5ul with GNP hybridised probe
and kept for 24 hrs at room temperature in incubator. Then the mixture is centrifuged for 5
min and supernatant is collected in another tube was allowed to migrate in 2% agarose gel at

100V forlhr. Hybridised oligo was visualised with ethidium bromide.
3.2.11. Hybridization assay with PCR amplicon of nuc gene

The hybridization assay was performed similar to GNP oligonucleotide probe
hybridization assay except that PCR amplicon of nuc gene was used instead of
complementary oligonucleotide. Tenfold dilution of purified PCR product (3.49 ug/ ml) till 6
dilutions i.e., 0, 10, 102, 10%, 10* 10°was prepared. 1ul of diluted PCR product was mixed
with 4pl of buffer in a PCR tube. The mixture was heated at 95°C for 5 min in thermo cycler
to denature the DNA template. After denaturation,5ul of GNP oligo probe was added and
kept immediately at 60°C for 20 min to allow hybridization after hybridization the hybridized
product was kept at room temperature for 10 min. After hybridization each tube were treated

with 130 mM HCI and change in colour was observed.
3.2.12. Hybridization assay with S. aureus genomic DNA

The hybridization assay with genomic DNA was performed in the vein of PCR
amplicon hybridization assay. Only difference is that genomic DNA isolated from S. aureus
was used in hybridization assay. Tenfold dilution of genomic DNA (12.59 pg/ ml) till 6
dilutions i.e. 0, 10, 102, 103, 10%, 10°was prepared. 1ul of genomic DNA was mixed with 4ul
of buffer in a PCR tube. The mixture was heated at 95°C for 5 min in thermo cycler to
denature the DNA template. After denaturation, 5ul of GNP oligo probe was added and kept
immediately at 60°C for 20 min to allow hybridization after hybridization the hybridized
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product was kept at room temperature for 10 min. After hybridization each tube were treated

with 130 mM HCI and change in colour was observed.
3.2.13. Specificity of the assay with different bacterial genomic DNA

To determine the specificity of the assay, DNA from three different organisms
(Escherichia coli, Aeromonas hydrophila and Clostridium perfringens) obtained from
department of veterinary public health and epidemiology, Bihar veterinary College, Patna
were extracted and subjected to hybridization assay. 1ul of genomic DNA isolated from
different bacteria was mixed with 4ul of buffer in a PCR tube. The mixture was heated at
95°C for 5 min in thermo cycler to denature the DNA template. After denaturation 5ul of
GNP oligo probe was added and kept immediately at 60°C for 20 min to allow hybridization
after hybridization the hybridized product was kept at room temperature for 10 min. After

hybridization each tube were treated with 130 mM HCI and change in colour was observed.
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4. Result

4.1. Isolation of Staphylococcus aureus genomic DNA

DNA extracted from the culture of Staphylococcus aureus was 100 times diluted and
it had Axeo/Azgo ratio of 1.85 and the concentration of DNA was 12.59 pg/ml. This genomic
DNA was used as template for PCR amplification of nuc gene and hybridization experiment
with GNP probe.

4.2. Amplification of nuc gene

Nuc gene of S. aureus was amplified by PCR using nuc specific primers. The PCR
gave amplified product of 267 bp (Fig.1). The concentration and Azso/A2so ratio of DNA was
3.49 pg/ml. and 1.82 respectively. Sequencing result of obtained from vendor show similarity
with S. aureus genome sequence upon NCBI-BLAST. This PCR product was also used for
hybridization experiment with GNP probe.

4.3. Probe designing

Probe was designed from sequence obtained from sequencing of nuc gene using IDT
primer quest tool. The sequence of probe was 5-TGATTGTCAAACTCGACTTCAA -3.
When probe sequence were BLAST on NCBI probe shows similarity with S. aureus genome
sequence. Probe do not form any secondary structure when analysed with oligoanalyser

software.
4.4. Chemical synthesis of gold nanoparticle (GNP)

Colloidal GNP was synthesized by citrate-reduction method and colour was red
(Fig.2.) GNP was conjugated with 5 thiol modified oligonucleotide probe. Spectrum analysis
of shows shift in Amax 0f GNP 515.2 nm to 521 nm upon conjugation with thiol modified
oligonucleotide probe (Fig.3).

4.5. Determination of optimal concentration of HCI for the aggregation of GNP

The normal colour GNP probe mixture was red and addition of certain amount HCI
change the colour of GNP probe due to aggregation of GNP. Colour change was observed in
GNP probe at 130 mM concentration of HCI (Fig.4) upon treatment with different
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concentrations of HCI at 20 mM increment from 80 mM to 140 mM. Again, this experiment
was performed with 120 mM ,130 mM and 140 mM HCI concentrations and at 130 mM of
HCI colour change was observed. This concentration of HCI was used in all hybridization

experiment for observation of colour change.
4.6. GNP oligonucleotide probe hybridization assay

Initially, the GNP oligo probe assay was optimized for visual detection using 22 base
complementary sequences. It was found that optimum temperature for hybridization is 60°C.
The complementary DNA after hybridization with the GNP probe was treated with 130 mM
HCI and colour was change to purple from red (fig.5). Gel electrophoresis was performed

after B-mercaptoethanol treatment below 100 bp was observed (Fig.6).
4.7. Hybridization assay with PCR amplicon of nuc gene

The hybridization assay was applied to PCR amplicon of nuc gene. The concentration
PCR product of nuc gene3.49 pg/ml. Result in fig. 7 shows no change in colour up to 5™
dilution. Colour change was observed from 6™ dilution. The concentration of DNA at 5%

dilution was 0.35 ng/ml.
4.8. Hybridization assay with S. aureus genomic DNA

Hybridization assay was also performed with S. aureus genomic DNA. The
concentration of genomic DNA was 12.59 pg/ml. No change in colour was observed up to 5™
dilution upon treatment with 130 mM HCI. The colour change was observed from 6™ dilution

as shown in fig. 8. The concentration of genomic DNA at 5™ dilution was 1.26 ng/ml.
4.9. Specificity of the assay can be detected by different bacterial genomic DNA

To determine the specificity of the assay, hybridization assay was performed with genomic
DNA of three different bacteria i.e., Escherichia coli, Aeromonas hydrophila and Clostridium
perfringens. Upon addition of 130 mM HCI genomic DNA E. coli, A. hydrophila and C.
perfringens shows change in colour from red to purple while genomic DNA of S. aureusdo

not show any change in colour (fig. 9).
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5. Discussion

Bovine mastitis a major disease affecting dairy cattle worldwide and it results from
the inflammation of the mammary gland. On the basis of the inflammation severity, mastitis
can be classified into sub-clinical, clinical and chronic forms. Sub-clinical mastitis is
difficult to detect due to the absence of any visible indications, and it has major cost

implications.

In this study we target Staphylococcus aureus because it is one of the most significant
contagious pathogens (Liapi et al., 2021). There are many procedures for diagnosis of S.
aureus. One of the common diagnosis methods is use of specific culture media that needs at
least numerous days for detection (Abdelhamid et al., 2014). These are reasonable and
sensitive, but this method is time consuming (Huang et al., 2006). Techniques based on
nucleic acid methods for example, polymerase chain reaction (PCR) have high compassion
and high specificity for diagnosis of S. aureus, but these methods need expert technicians and

require complicated procedures (Shi et al., 2015).

The colorimetric detection of nucleic acid using gold nanoparticles (GNP) is widely
used technique due to the extraordinary importance of nucleotide sequences in biological
analysis as well as the characteristics and advantages of using GNP in detection, such as
simplicity, easy preparation, low cost and time saving (Jazayeri et al, 2018). GNPs have been
used to detect DNA with high sensitivity and selectivity (Daniel et al., 2004; Sun et al.,
2009). Mutations, single nucleotide polymorphisms (SNPs), chromosomal translocations,
gene expression, and pathogens from clinical samples can be easily detected (Baptista et al.,
2005; Doria et al., 2007; Sun et al., 2009). Taking the advantage of colorimetric detection,
our study was planned to detect S. aureus genomic DNA using GNP conjugated probe.

The nuc gene specific probe was designing because the nucleotide sequence of nuc
gene poses apparently unique sequences of the S. aureus. Designed probe shows similarity
only with S. aureus, it indicates that probe is specific to S. aureus only. Thiol group is most
widely used interaction to achieve the stable conjugation between DNA oligonucleotides and
GNP (Li et al., 2013). So, 5’ thiol modified probe was used for conjugation with GNP.
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GNP synthesis via the reduction of gold chloride by citric acid is most widely used
method (Polte et al., 2010). GNPs synthesized by citrate reduction of gold chloride are stable
in solution, duo to electrostatic repulsion among citrate ion-coated GNP which prevents them
from aggregation. In general, GNP with mean diameters of 5-20 nm has a visible Amax around
520 nm caused by the surface plasmon band (Schrekker et al., 2007) In our study the visible
Amax at 515.2 nm for GNP, which indicated the formation of GNP.

Successful conjugation of probes to the GNP is must for the entire diagnostic process.
Shift in Amax from 515.2 nm to 521 nm indicate successful conjugation of probes to GNP.

Increase in Amax Was also observed by Peng et al (2015) and Shahbazi et al (2018).

Colour change from red to purple was obsorbed by decrease in pH upon addition of
130 mM HCI to conjugated GNP. While below 130 mM HCI concentration no colour change
was obsorbed. It indicates that 130 mM HCI is optimal concentration for GNP aggregation.
Previous research demonstrated that single stranded DNA (ssDNA) probe has a protective
effect on GNP against aggregation due to highly charged phosphate backbone of ssDNA
sustains the electrostatic repulsion among ssSDNA conjugated GNP (Yang et al., 2006).
Addition of excess of H* ion may neutralize the negative charges of phosphate groups of

DNA, leading to GNP’ aggregation and colour change (Sun et al., 2009).

Initially, the GNP oligo probe assay was optimized for visual detection using 22 base
complementary DNA sequences. It was found that optimum temperature for hybridization is
60°C for GNP probe and the target DNA. Colour change was observed from red to purple
when hybridised GNP oligo with complementary DNA due to aggregation of GNP.
Hybridization of GNP oligo probe with the target DNA formed double stranded DNA helix
that stabilizes the GNP under acidic environment and hence remains red. However, in the
absence of complementary DNA the GNP oligo probes aggregate under acidic environment
and the solution turns purple (Bakthavathsalam et al., 2012). The complementary DNA after
hybridization with the GNP probe was treated with f-mercaptoethanol and separated on gel
electrophoresis followed by visualised with ethidium bromide. Since ethidium bromide can
bind to double stranded DNA, appearance of band in gel confirms hybridization of GNP
probe with target DNA.

When hybridization assay was performed with PCR amplicon of nuc gene, no visible
change in colour of the solution occurred upto sample containing 0.35 ng/ml of PCR

amplicon of nuc gene below which the solution turned purple indicating the aggregation of
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the GNP oligo probes. Thus GNP oligo probe was found to detect the presence of 0.35 ng/ml
of PCR product of target pathogen after acid induced aggregation defining the minimum

detection limit of the assay.

To determine the sensitivity of this colorimetric method various dilution of S. aureus
genomic DNA was also used to determine the limit of detection of the GNP oligo probe assay
with genomic DNA. It was observed that no visual colour shift from red to purple in solution
up to sample containing 1.26 ng/ml of genomic DNA. It shows that 1.26 ng/ml was minimum
detection limit for this assay. Similar kind of colour change was also observed by
Bakthavathsalam et al (2012) with Escherichia coli genomic DNA and by Shahbazi et al
(2018) with S. aureus genomic DNA.

In order to determine the specificity, The GNP oligo probe assay was applied to the
genomic DNA isolated from S. aureus, Escherichia coli, Aeromonas hydrophila and
Clostridium perfringens It was observed that the solution containing S. aureus, genomic
DNA remains red, whereas the solution containing DNA of other bacteria turned purple after
addition of HCI. Thus, this assay can differentiate S. aureus and non S. aureus genomic DNA

by necked eye without using any sophisticated instrument.
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6. Summary and conclusion

India is the largest producer of milk in the world and it accounts for 22% of the world
milk production. Mastitis is the most significant disease of dairy herds. Subclinical mastitis
(SCM) in cows is more prevalent in India than clinical mastitis. Mastitis is a multi etiologic
multifaceted disease, which is distinct as inflammation of parenchyma of mammary glands
and is considered by physical, chemical and usually bacteriological changes in milk and
pathological changes in glandular tissues. The mastistis causing bacterial species are
Escherichia Coli, Staphylococcus aureus, Streptococcus agalactiae, and Corynebacterium
bovis etc. S. aureus causes one of the most common forms of chronic mastitis. The
conventional and PCR based method for identification of pathogen is time consuming, most
cases require highly specialized personnel, dedicated equipment. There is need to develop
less lengthy approaches, capable of providing on-site information concerning the infection.
Optical biosensors for rapid detection of pathogens are steadily gaining popularity due to its
simplicity and sensitivity. Gold nanoparticles (AuNPs) possess distinct physical and chemical
properties that make them excellent scaffolds for the fabrication of novel chemical and
biological sensors. Surface plasmon resonance (SPR) providing unique optical properties to
gold nano-particle.

This study was initiated by isolating the genomic DNA from S. aureus was revived
from the department of veterinary public health and epidemiology, Bihar Veterinary College.
There after amplification of nuc gene was carried out by PCR using nuc gene, which
amplified 267 bp product. PCR product was purified and sent for sequencing. The nuc gene
specific probe was designed because the nucleotide sequence of nuc gene poses apparently
unique sequences of the S. aureus. Designed probe shows similarity only with S. aureus, it
indicates that probe is specific to S. aureus only. Thiol group is most widely used interaction
to achieve the stable conjugation between DNA oligonucleotides and GNP. So, 5’ thiol

modified probe was used for conjugation with GNP.

GNP synthesis via the reduction of gold chloride by citric acid had visible Amax at
515.2 nm for GNP, which indicated the formation of GNP. Shift in Amax from 515.2 nm to
521 nm indicate successful conjugation of probes to GNP. Colour change from red to purple
was absorbed by decrease in pH upon addition of 130 mM HCI to conjugated GNP. While
below 130 mM HCI concentration no colour change was absorbed. It indicates that 130 mM

HCI is optimal concentration for GNP aggregation.
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Initially, the GNP oligo probe assay was optimized for visual detection using 22 base
complementary DNA sequences. It was found that optimum temperature for hybridization is
60°C for GNP probe and the target DNA. Colour change was observed from red to purple
when hybridised GNP oligo with complementary DNA due to aggregation of GNP.
Hybridization of GNP oligo probe with the target DNA formed double stranded DNA helix
that stabilizes the GNP under acidic environment and hence remains red. However, in the
absence of complementary DNA the GNP oligo probes aggregate under acidic environment
and the solution turns purple. The complementary DNA after hybridization with the GNP
probe was treated with B-mercaptoethanol and separated on gel electrophoresis followed by
visualised with ethidium bromide. Since ethidium bromide can bind to double stranded DNA,

appearance of band in gel confirms hybridization of GNP probe with target DNA.

When hybridization assay was performed with PCR amplicon of nuc gene, no visible
change in colour of the solution occurred up to sample containing 0.35 ng/ml of PCR
amplicon of nuc gene below which the solution turned purple indicating the aggregation of
the GNP oligo probes. Thus, GNP oligo probe was found to detect the presence of 0.35 ng/ml
of PCR product of target pathogen after acid induced aggregation defining the minimum
detection limit of the assay. To determine the sensitivity of this colorimetric method various
dilution of S. aureus genomic DNA was also used to determine the limit of detection of the
GNP oligo probe assay with genomic DNA. It was observed that no visual colour shift from
red to purple in solution up to sample containing 1.26 ng/ml of genomic DNA. It shows that
1.26 ng/ml is detection limit for this assay. In order to determine the specificity, The GNP
oligo probe assay is applied to the genomic DNA isolated from S. aureus, Escherichia coli,
Aeromonas hydrophila and Clostridium perfringens It is observed that the solution containing
S. aureus, genomic DNA remains red, whereas the solution containing DNA of other bacteria
turned purple after addition of HCI. Thus, this assay can differentiate S. aureus and non S.

aureus genomic DNA by necked eye without using any sophisticated instrument.

To conclude this method is rapid and convenient, and can be accomplished within
30-40 min and a significant colour change that is easily recognized by the naked eye. This
assay presents a satisfactorily linear range, low detection limit, good accuracy and specificity
in the detection of the S. aureus target DNA. Furthermore, our method is suitable for
detection of detection of S. aureus genomic DNA from clinical sample and it can be applied

as a promising candidate for the on-site detection of S. aureus.
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