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ABSTRAK

Penghasilan lembaran x-ray menggunakan sehingga 1000 tan perak yang dihasilkan
secara kimia di seluruh dunia. Pencemaran berlaku apabila lembaran x-ray yang
digunakan tidak dikitar semula. Teknologi mikrob boleh digunakan untuk menguruskan
masalah ini untuk menghilang dan meneutralkan pencemaran. Kajian ini bertujuan
untuk mengkaji penggunaan teknologi mikrob dengan menggunakan lupusan lembaran
x-ray dalam pengeluaran nanopartikel perak (SNP) dan peranan enzim nitrat (NR) yang
terlibat dalam proses ini. Dalam penyelidikan ini, lupusan lembaran x-ray digunakan
sebagai sumber tunggal karbon untuk sintesis SNP dan menjadi pemangkin
pengurangan nitrat perak kepada nitrit perak. Pengasingan bakteria berbeza yang telah
dipilih daripada yang paling berpotensi telah digunakan dan dioptimumkan dengan
menggunakan beberapa parameter seperti keadaan pengeraman, kepekatan substrat,
tempoh pengeraman, nilai pH dan sumber nitrogen. Kemudian, kuantifikasi protin dan
aktiviti enzim dianalisis dengan menggunakan Pembaca Microplate. Untuk pencirian
SNP, analisis menggunakan Pembelauan Sinar X (XRD) dan Spektrometri Massa
Plasma yang Digabungkan secara Induktif (ICP-MS) telah digunakan. Hasil kajian
menunjukkan bahawa pengasingan CL4C dan GL7 yang paling kuat masing-masing
menunjukkan saiz purata SNP dihasilkan sehingga 19.53 nm dan 52.35 nm. Di samping
itu, aktiviti NR didapati optimum dalam keadaan pengeraman statik, tempoh
pengeraman 15 hari dalam kegelapan dan menggunakan natrium nitrat sebagai sumber
nitrogen. Kemudian, kepekatan substrat untuk mikrob CL4C dan GL7 masing-masing
didapati optimum apabila 0.5 dan 0.8g lupusan lembaran Xx-ray ditambah. Nilai pH
optimum CL4C dan GL7 masing-masing adalah pada pH 7.0 dan 8.0 dengan aktiviti
enzim dan kandungan protin sehingga 69.952+0.090 1U/ml dan 1.139+0.029 mg/ml
untuk CL4C. Sementara itu, aktiviti NR bagi mikrob GL7 adalah 108.882+0.354 IU/ml
dengan kandungan protin sehingga 1.454+0.024 mg/ml. Oleh itu, mikrob CLAC telah
diramal sebagai Morganella morganii dan GL7 diramal sebagai Enterobacter aerogenes
dengan menggunakan analisis Biolog. Ini dapat disimpulkan bahawa dengan
menggunakan kaedah biologi, ia kurang menggunakan bahan kimia yang beracun dan
alternatif yang baik untuk bioremediasi. Dalam kajian ini, impak menggunakan CL4C
dan GL7 sebagai mikrob paling berpotensi yang dapat menggunakan lembaran x-ray
yang dilupuskan sebagai substrat adalah penemuan baru dalam bidang penyelidikan ini
kerana sebelum ini tidak ada kajian mengenai penggunaan substrat ini.



ABSTRACT

The production of x-ray sheets can utilize up to 1000 tons of silver chemically produced
worldwide. The pollution occurs when the used x-ray sheets are not recycled. Microbial
management could be used to manage this problem in order to remove and neutralize
the pollutants from contamination. This study aims to examine the microbial
management of disposed x-ray sheets in silver nanoparticles (SNPs) production and the
role of the nitrate reductase (NR) enzyme involved in the processes. In this research,
disposed x-ray sheets were used as the sole carbon source to synthesis SNPs and
catalyse the reduction of silver nitrate to silver nitrite. Different bacterial isolates which
had been chosen from the most potent isolates were used and being optimized by using
several parameters including incubation condition, substrate concentration, incubation
period, pH values and nitrogen source. Then, the protein quantification and enzyme
activity were analyzed by using microplate reader. For characterization of the SNPs, the
X-Ray Diffraction (XRD) and Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) analysis were used. The results revealed that the most potent isolates CL4C and
GL7 showed the average size of SNPs produced was up to 19.53 nm and 52.35 nm
respectively. In addition, NR activity was found to be optimum at static incubation
condition, 15 days incubation period in darkness and using sodium nitrate as the
nitrogen source. Then, substrate concentration of CL4C and GL7 isolates found to be
optimum when 0.5 and 0.8g of disposed x-ray sheets were added respectively. The
optimum pH values of CLAC and GL7 were exhibited to be 7.0 and 8.0, respectively,
with the enzyme activity and protein content up to 69.952+0.090 IU/ml and
1.1394+0.029 mg/ml for CLAC. Meanwhile, the NR activity of the GL7 isolate was
108.882+0.354 1U/ml with the protein content up to 1.454+0.024 mg/ml. Consequently,
the CLA4C isolate was predicted to be Morganella morganii while GL7 was predicted to
be Enterobacter aerogenes by using a Biolog analysis. It can be concluded that, by
using the biological method, it requires less toxic chemicals and as a good alternative
for bioremediation. In this study, the impact of having isolated CL4C and GL7 as the
most potent microbe which able to use disposed x-ray sheets as substrate was a new
finding in this research area because there was no previous study yet regarding the uses
of this substrate.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The purpose of this chapter was to provide an overview on the research that has
been conducted. This chapter provides an explanation on what constitutes of pollution,
bioremediation, disposed x-ray sheets and the enzyme responsible for microbial
degradation. This chapter also presents the background of study, problem statement,

research objectives and the overview of this research.

1.2 Background of Study

In recent years, rapid industrialization has caused a lot of pollution around the
world. This occurs due to the lack of awareness on the harmful effects of pollutants to
nature, especially to the aquatic environment. Water pollution occurs due to the
presence of chemical, physical, radioactive or pathogenic substances which cause illness
and deaths. Therefore, this study was done in order to reduce the pollution by using
biological methods called bioremediation. In this regard, introducing fast and
trustworthy processes for the synthesis of nanosized materials is very important in the
field of nanotechnology; nanobiotechnology refers to the process which includes

biological entities in the method such as viruses, fungi, bacteria and plants.

Bioremediation should be done to remove and neutralize pollutants from
contamination. It is a natural treatment that uses biological agents, such as fungi and
bacteria to break down or remove hazardous substances into less or non-toxic

substances. It is the safest way to remove hazardous substance as it does not require any



toxic, harsh and costly chemical. In this study, the bioremediation of disposed x-ray
sheets was conducted for silver nanoparticles production. Disposed x-ray sheets contain
silver nanoparticles which are white, soft, thermal conductive and lustrous metal with
high electrical properties. The silver nanoparticles were found to have medical and
therapeutic benefits before it was realized that microbes was actually agents for
infections (Firdhouse & Lalitha, 2015).

In recent years, studies have demonstrated the abilities of biological entities to
absorb and accumulate inorganic metallic ions from their surrounding environment.
These desirable properties make the biological entities capable to significantly reduce
environmental pollution and reclaim metals from industrial waste. Nowadays, their
abilities to accumulate, interact and extract metallic materials from surroundings have
been capitalized through bioremediation and bioleaching (Shah, Fawcett, Sharma, &
Tripathy, 2015) where microorganisms are able to detoxify the hazardous components
such as silver nanoparticles in the environment through the natural process. This process
can be improved by some factors such as the use of nutrients and the addition of
electron acceptors (Ayangbenro & Babalola, 2017).

In this project, reductase enzyme specifically the nitrate reductase (NR; EC
1.7.99.4) enzyme was produced and used to reduce silver nitrate into nitrite (Gupta,
Mukherjee, & Singh, 2014) inside the samples of x-ray sheets which act as substrates
during the synthesis period through the use of microbial power. Nitrate reduction
involves assimilatory and dissimilatory reduction. During assimilatory reductions,
energy is used and assimilatory nitrate reductions are performed by bacteria, fungi or
algae, while dissimilatory reduction yields energy. Both processes form byproducts by
reducing the electron acceptor. Furthermore, SNPs were produced as a byproduct, and
the enzyme activity and protein quantification were measured. Lastly, the silver
nanoparticle was characterized by using X-Ray Diffraction (XRD) and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS).



1.3 Problem Statements

X-ray was discovered over 100 years ago and it still used as the fundamental
part of diagnostic examination and treatment. The x-ray is responsible in the field of
radiotheraphy where it is commonly used as dental imaging, medical imaging and non-
destructive testing in the manufacturing industry. lonizing reduction is commonly used
in x-ray examination. As the x-ray beam can penetrate into most of the object, x-ray
sheets were used to record the image. The production of x-ray sheets are controlled by
several global companies such as Fuji Medical System, Kodak and Sterling Diagnostic
Imaging/Agfa. According to the Silver Institute, the total world consumption of x-ray
sheets is about 2.16 billion images each year. Used sheets are often not recycled, and
this creates wastage and produces as hazardous waste due to the presence of silver in the
sheets. As a result, disposed silver sheets increases solid waste, especially in Malaysia
and this brings negative effects the environment. The production of these wasted sheets
can utilize up to 1000 tons of silver annually and if the silver used was in high
concentration, it will affect the living organisms. In order to manage this problem, this
study conducts bioremediation by using disposed X-ray sheets as substrates for
biological entities required reducing the silver pollutants in the sheets and changing
them into less hazardous forms. In the meantime, the enzyme produced in this process
was also studied. The biological method was used in this study as it is fast,
environmentally safe, and requires a minimal cost. Microbial management was used to
study the silver nanoparticles production and the related enzymes involved in this study.
Through the bioremediation conducted in this study, wastage of X-ray sheets can be
reduced as they can classified as waste that can be turned to wealth. This is because the
silver was found in the x-ray sheets can be used in various applications that give

benefits to the industry.

1.4  The Objectives of The Research

1. To isolate, purify and identify the microorganisms from different sources -
soil, water and spoiled food samples for most potent bacteria.

2. To screen, determine and optimize microbial silver nanoparticles and nitrite

production.



3. To characterize the microbial silver nanoparticles (SNPs) and nitrate reductase
(NR) produced using X-ray Diffraction (XRD) and Inductively Coupled
Plasma Mass Spectrometry (ICP-MS).

1.5  Overview of The Report

This report was about the overall research that has been conducted including the
literature review, research methodology, results achieved, discussion, conclusion and
recommendation for future research. The literature review focused on hazardous waste
and x-ray sheets, SNPs, the application of SNPs and their mechanisms, microorganism
producing SNPs, enzyme mechanism as well as microorganism producing NR enzyme
and their applications based on previous paper research. Meanwhile, the research
methodology chapter details the methodology used in this research. For this study, the
bacteria were isolated from various sources (soil, water and spoiled food) to obtain
specific bacterial strains which were used for the biosynthesis of SNPs. After that, the
enzyme and protein assay was done to measure the enzyme activity and protein content
in the samples and consequently, the most potent microbial isolates were chosen. Then,
the size of silver nanoparticles and concentration of silver elements produced were

characterized by XRD and ICP-MS analysis, respectively.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The purpose of this chapter is to review past research related to the biosynthesis

of SNPs production and its enzyme production.

2.2  Hazardous Waste and X-Ray Sheets

A hazardous waste is a waste potentially dangerous or harmful to our health and
the environment. There is 400 million tons of various hazardous waste produced yearly
which could be in solids, liquids or gaseous forms. They are also produced as by-
products of manufacturing processes, discarded used materials, or discarded unused
commercial products, such as cleaning fluids (solvents) or pesticides. Wastes can be
classified as hazardous if they are corrosive or exhibit ignitability, reactivity or toxicity
(The World Count, 2017).

Ignitability means that the waste can spontaneously combust or have a flash
point less than 60 °C (140 °F) under certain conditions, for example using solvents and
oil waste. A corrosive waste is the waste that produces an acidic or alkaline solution and
other materials including acids or bases solids. Such wastes are in aqueous forms with a
pH less than or equal to 2.0 or greater than or equal to 12 which are classified as
corrosive. These liquid wastes may also be corrosive and can corrode metal containers.
Reactivity means that the waste that can cause explosions or release toxic gases or
vapors when heated, compressed or mixed with water. These wastes are unstable under

normal conditions, for instance, a lithium-sulfur battery. Meanwhile, toxic wastes are



harmful or fatal when they are absorbed or ingested. Improper disposal of toxic wastes
could cause toxic wastes such as mercury or lead to enter and pollute the water ways.
(California Code of Regulations, 2013).

Generally, the term hazardous is deemed as synonymous with dangerous. In this
regard, hazardous wastes are labelled according to their specific class. These wastes will
be dangerous to living things and the environment when handled, transported or
disposed of in an unsafe manner; hazardous substances can potentially come from three
major waste streams. The first stream comprises of municipal waste, such as
components of electronic, household chemicals and products with nano-sized
ingredients such as titanium oxide in cosmetics and nano-silver in skin gel. The second
stream comprises of commercial and industrial wastes such as heavy metals while the
third stream of waste comprises of construction and demolition wastes such as asbestos
(White & Heckenberg, 2011).

In the photographic industry, wastes such as from x-ray film processing are
regulated by Minnesota Pollution Control Agency (MPCA) under the Hazardous Waste
Rules. This is because they are corrosive and have toxic reactions. X-ray films could
either have low or high pH and could release silver or chromium. In this light, x-ray
sheets usually contain silver concentrations that are not high enough to be toxic

depending on the concentration available (Minnesota Pollution Control Agency, 2011).

The basic composition of an x-ray film is similar to a photographic film,
however, an x-ray film has a photographic receptor that consists of photographically
active or radiation sensitive emulsion. The emulsion coats both sides of a thin, sheet-
like materials as shown in Figure 2.1. It is responsible to record the images of the object
exposed to the x-ray. The x-ray sheets composed of a film base, a film emulsion, an
adhesive layer and a protective layer. The function of this film base is to support the
fragile photographic emulsion on both of its surfaces. The base is flexible and quite
strong so that the films can be snapped frequently into x-ray illuminators. It must also
be thick enough to withstand any geometric distortion due to the heat generated during
the film development process and the base must provide a uniform, highly transparent,

optical background (Houston, 2007).



The film emulsion is the heart of a radiographic film. The information is
transferred to the sheets during the interaction between x-ray and emulsion. It is
composed of a very homogenous mixture of gelatin and small silver halide crystals
(grains). The gelatin keeps the silver grains well dispersed and prevents them from
clumping. The use of the developing and fixing solutions cause the gelatin to penetrate
rapidly without changing the strength or permanence of the gelatin. The gelatin is used
as a binder because it can act as a medium that the silver nitrate and sodium bromide
can react with and release fine AgBr before being dispersed. Meanwhile, the small
silver halide crystal (1.0 to 1.5 microns in diameter) comprises of the light-sensitive
substance in the emulsion where bigger grain size will increase the speed of the film.
The crystal may form tabular, globular, polyhedral or irregular shape. These grains are
known as silver-iodo- bromide and are typically comprised of 90 to 99% silver bromide
and 1 to 10% silver iodide (Houston, 2007)

Figure 2.1 The composition in an x-ray film
Source: Houston (2007)

The function of the adhesive layer is to attach the emulsion to the film base
because in general, both are not able to adhere to each other. Thus, a clear, thin layer of
gelatin is suitable to be used as an adhesive. Then, the protective layer functions to

protect the emulsion from being scratched and damaged by normal handling, hence a



very thin outer protective layer usually made of gelatin could also be applied (Feldstein
& Sloan, 2015).

2.3  Silver Nanoparticles (SNPs)

The study on nanoparticles is particularly interesting as working with and
synthesizing extremely small structures are much more complicated than their
macroscopic counterparts. This is because nanostructures possess unique properties and
characteristics. One of these characteristics is that nanoparticles have a very high
surface to volume ratio. Consequently, nanoparticles can be used in the catalytic
industry and some nanoparticles actually have been recognized as good catalysts. They
also show bactericidal effects, but their most significant effect is its high surface to
volume ratio. The size of nanoparticles often ranged between 1 — 100 nm, which is
similar to the size of human proteins as shown in Figure 2.2 (Zhang, Liu, Shen, &
Gurunathan, 2016).
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Figure 2.2 Size comparisons in nanometer scale

Source: Particle Sciences (2012)

In the field of pharmaceutical nanotechnology (nanopharmaceuticals), there are
various kind of nanoparticles including magnetic nanoparticles, polymeric
nanoparticles, carbon nanotubes, quantum dots, metallic nanoparticle and dendrimers.
Their presence has brought huge changes in the general medical service system,

particularly the delivery of drugs (Bhatia, 2016). In the meantime, scientists from the



Chinese Academy of Science recommended the use of gold nanoparticles to improve
Polymerase Chain Reaction (PCR). Nanoparticles have also used in the production of
valuable anti-reflective optical coatings. In this regard, nanoparticles do possess many
exciting qualities and over time, more of these qualities will be exploited (Diantoro,
Fitrianingsih, Mufti, & Fuad, 2014).

Three preparation techniques, physical, chemical and biological methods can be
conducted to synthesize the SNPs. However, most researchers used biological synthesis
because this technique provides particles with good control over the size distribution.
The procedures structured by nature for the synthesis of inorganic components on nano
and microscales have contributed to the growth of a relatively new and mostly
unexplored area of research which focuses on the use of bacteria in the biosynthesis of

nanomaterials (Mandal, Bolander, Mukhopadhyay, Sarkar, & Mukherjee, 2006).

Biosynthesis of nanoparticles can be categorized into two - intracellular and
extracellular synthesis, based on the location where the nanoparticles are formed. An
intracellular synthesis is a method consists of transporting ions into the microbial cell to
form nanoparticles in the presence of enzymes. Whereas, extracellular methods involves
trapping metal ion on the surface of cells and reducing ions with the presence of

enzymes (Zhang, Yan, Tyagi, & Surampalli, 2011).

Elahmohammad & Adeebauniesshareef (2014) used biological method to
synthesize the nanoparticles as an alternative method to complex chemical synthesis. By
conducting this method, the SNPs could be effectively produced by pathogenic
Pseudomonas aeruginosa, which show the highest microbial activity compared to

Staphylococcus aureus, Escherichia coli, Salmonella typhi and Enterococcus sp.

According to Zhang, Liu, Shen, & Gurunathan (2016), biological methods are
simple, rapid, non-toxic, dependable, and green approaches to produce well-defined size
and morphology under optimized conditions for translational research and chemistry
approach for the synthesis of SNPs . On the other hand, particle characterization is
necessary as part of the synthesis. This is because the physicochemical properties of a
particle have a significant impact on its biological properties. It is necessary to

characterize the prepared nanoparticles before their application to address safety issue in
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the use of any nanomaterials for the purpose of human welfare in the healthcare

industry, particularly in nanomedicine.

Meanwhile, the evaporation-condensation process involves the use of a tube
furnace at atmospheric pressure and laser ablation to physically prepare the
nanoparticles through the physical method. The advantages of the physical methods
include they are often fast and do not involve the use of hazardous chemicals as
radiation is used as a reducing agent. However, these methods have low yield and
consume a large amount of energy, they are also prone to solvent contamination and
there is a lack of uniform distribution. A typical tube furnace requires more kilowatts of
power consumption and more preheating time to reach a stable operating temperature.
Through the use laser ablation, the silver nanoparticle was synthesized using metallic
bulk materials in solution. The advantage of this technique in the production of metal
colloids is the absence of chemical reagents in the solution. However, the efficiency of
the ablation and the characteristics of the nano-silver produced depend on various
parameters including the wavelength of the laser which influences the metallic target,
the duration of laser pulses, laser fluence, time duration and the effectiveness of the
liquid medium (lravani, Korbekandi, Mirmohammadi, & Zolfaghari, 2014).

In the chemical methods, water or organic solvents are used to prepare the silver
nanoparticles. Three main components are involved, which are metal precursors,
reducing agents, and stabilizing or capping agents. Basically, the reduction of silver
salts involves two stages -nucleation and subsequent growth. However, both methods
are extremely expensive. According to Gudikandula & Maringanti (2017), there are
various methods suggested for the chemical synthesis of silver nanoparticle formation
such as chemical reduction method, radiolytic process and the polyol method. In this
light, the chemical reduction method is deemed as the easiest, low cost and high yield

method for yielding nanoparticles without aggregation.

2.4  Applications of SNPs

Due to their unique physical and chemical properties, SNPs are increasingly

used in various fields, including for medical, food, healthcare, consumer, and industrial
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purposes. Some of the important applications of SNPs are shown in Figure 2.3. The
silver nanoparticle is one of the most commercialized inorganic nanoparticles among

the other nanoparticles. One of the possible applications of SNPs is as a catalyst.

It also can be immobilized on silica spheres that have been tested for their ability
to catalyze the reduction of dyes by sodium borohydride (NaBH,). The samples showed
very little or no reduction of the dyes in the absence of SNPs, and a reduction was only
observed when SNPs were added into the solution. This shows that the reaction time
strongly dependent on the SNP concentration as when the concentration was doubled,
the reaction time was reduced to less than 30 percent. Furthermore, the images of the
nanoparticles obtained using the scanning electron microscopy (SEM) revealed that they
were unbroken after the reaction and still immobilized on the silica spheres. This shows
that the particles act as catalysts because they are not absorbed in the reaction (Diantoro,
Fitrianingsih, Mufti, & Fuad, 2014).

Important applications of Silver Nanoparticles

Treatment of ulcerative colitis & acne

Treatment of dermatitis

Inhibition of HIV-1 replication

Enhanced raman scattering spectroscopy (SERS)

Detection of viral structures (SERS & silver nanorods)

Antimicrobial effects against infectious organisms

Remote laser light-induced opening of microcapsules

Figure 2.3 Important applications of silver nanoparticles

Source: Iravani et al. (2014)

The SNPs are useful in controlling and suppressing bacterial growth due to their
good antimicrobial potency against viruses, bacteria and eukaryotic microorganism
(Elahmohammad & Adeebauniesshareef, 2014). Silver is deemed as a biocide because it

is highly toxic to most microbial cells and its presence can cause the destruction of life.
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However, several bacterial strains are resistant to silver and could be used to derive
silver from the cell wall up to 25% of their dry weight biomass. This indicates their
potential use for industrial recovery of silver from ore materials. The Pseudomonas
stutzeri AG259 can derive the silver bacterial strain within the size range of 35-46 nm,
as well as the silver sulphide in the SNP cells (Silver, 2003; Vaidyanathan et al., 2010).

Consequently, several applications had been using the bactericidal effect of
SNPs. Jain & Pradeep (2005) described the procedures to produce and test bactericidal
foam. The aim of their research was to demonstrate the bactericidal effect of silver
nanoparticle-coated foam. In this light, SNPs were present in the form of foam which
was caused by the coating process. After being washed with water, the SNPs also
remained in the foam form. These results showed that it was possible to coat
Polyurethane (PU) foams with SNPs by a simple and cheap process. According to the
assessment outcome performed on the bacteria, the coated foam had a bactericidal effect
on the Escherichia coli. In order to validate the result, they had conducted three
different tests. But all the results revealed that no bacteria were recognized afterwards.
The assessments and results are in line with World Health Organization (WHO, 2017)
specifications for drinking water. The overall outcome from the article obviously
reveals that the PU foams can be coated with SNPs and the bactericidal effect of these
was verified. It proved that SNPs-coated foams can be used as water filtration. As the
chemicals used are low-cost and normally available and the coating procedure is simple,
it should be possible to make this available to undeveloped countries.

There are two groups of bactericidal effect of silver which are the reactive
component being either silver ions or SNPs. Silver ions (Ag®) are charged atoms
whereas SNPs comprise of single crystals with nanosize dimensions. On the other hand,
even though the bactericidal effect of silver ions is well known, their uses are still not
widely recognized. In this light, tests have proven that silver ions are able to change the
structure of the cell membrane. There are many sulfates with enzymes in the bacteria’s
membrane and studies suggest that silver ions’ interactions with these sulfate groups
cause changes to the membrane morphology by mollifying the enzymes. This
inactivation makes the membrane susceptible and easier to penetrate by the silver ions.
Silver ions keep destructing different parts of the cell by interacting with sulfate-groups,

which are frequently located in the active site of enzymes. This interaction with the
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active site causes the inactivation of the enzymes (Diantoro, Fitrianingsih, Mufti, &
Fuad, 2014).

Other than the sulfate-groups, silver ions are also able to interact with
phosphorus-groups of molecules which have shown severe impacts such as the
interaction between silver ions and the DNA backbone which stops the microbe’s ability
to replicate itself or to transcribe the mRNA for new proteins. All these changes stun the
growth of the bacteria and consequently kill it (Diantoro, Fitrianingsih, Mufti, & Fuad,
2014).

A series of experiments were carried out to test the bactericidal effect of SNPs
by using four different Gram-negative bacteria treated with SNPs in different sizes and
shapes. The bacteria used are Pseudomonas aeruginosa, Vibrio cholera, Salmonella
typhus and E. coli. These experiments showed that SNPs interact with the membrane
and interior of the bacteria. These interactions between SNPs and the bacteria look quite
similar with the interactions between silver ions and bacteria. In this light, both

interactions could cause the same types of loss to the bacteria (Morones et al., 2005).

Meanwhile, the antibacterial activities increase in the presence of biologically
synthesized silver nanoparticles. This increase was observed for Bacitracin against E.
coli and Salmonella paratyphi B., Ampicillin against Corynebacterium diphtheriae,
Kanamycin against Klebsiella pneumonia, gentamycin against P. aeruginosa and for
Bacitracin, Gentamycin, Erythromycin, Ciprofloxacin against Staphylococcus aureus
(Gandhi & Khan, 2016).

Another possible application of SNPs is as an optical sensor of zeptomole (10%)
sensitivity. The surface plasmon resonance caused SNPs to be highly sensitive which
allows real-time measurements to be performed. According to McFarland & Duyne
(2003), this is due to the effect of localized surface plasmon resonance (LSPR) and as a
result, SNPs display a peak in the extinction caused by a collective excitation of the
conduction band electrons of the nanoparticle. The Amax-value of this plasmon resonance
peak is dependent upon the size, shape and the solvent and adsorbates used. However,
when UV-vis spectroscopy was used, the signal-to-noise ratio makes it difficult to

identify the signal of a single nanoparticle even under the most optimal conditions.
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The experiments conducted in McFarland & Duyne (2003) showed a slight
difference between the sensitivity of a single SNPs and the array (sensitivities of 191
and 197 RIU™ respectively). This indicates a linear relationship between the LSPR Amax
with respect to the refractive index. This sensitivity depends on the shape and size of the
nanoparticles. Moreover, the sensor’s real-time response in yielding a real-time
response comparable with that of an array was examined. The study found that an array
of unique nanoparticles can concurrently work as individual detectors by controlling
their size, shape and chemical modification. One of the possible applications of high
sensitivity LSPR is in vivo detection. It can monitor the quantity of chemical species
inside a cell and monitor the dynamical processes that occur.

2.5  Microorganisms Producing SNPs

The booming demand for “green" nanoparticle synthesis processes has inspired
the development of a new research routes for nanoparticles in recent years. This
includes the utilization of living bacteria, fungi or plant extract including P. stutzeri,
Verticilium sp., Fusarium. oxysporum, Thermomonospora sp., alfalfa and geranium
plants. One of the examples of such studies is Sastry, Ahmad, Islam Khan, & Kumar
(2003) which produced extremely stable silver hydrosols, using the fungus (F.
oxysporum). However, even though the green methods of producing particles are stable
and are not mono-dispersible, they have a different rate of synthesis compared to the
chemical synthesis methods. This creates a need to find new microorganisms that can be
used for such synthesis and to improve the synthesis methods (Mohammadian,
Shojaosadati, & Rezaee, 2007).

The biological synthesis of SNPs using Bacillus thuringiensis was also reported
by Dash (2013). The bacterial strain was cultured on a shaker at room temperature. The
SNPs was found in detailed characterization by using UV-visible spectroscopy,
Scanning Electron Microscopy (SEM), XRD and Fourier Transform Infrared
Spectroscopy (FTIR). UV-visible spectroscopy recorded the absorption peak at 420nm,
while SEM image confirmed the spherical shape of SNPs. Next, the XRD analysis
found SNPs crystalline in nature as shown by the FTIR peak at 518 cm™.
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Natarajan, Selvaraj, & Murty (2010) study used the E. coli bacterial strain. This
bacterial strain was cultured and incubated on an orbital shaker at 27 °C in order to
investigate the microbial production of silver nanoparticles. This research focused on
the effect of different basal medium compositions, which are nutrient broth and
Lysogeny broth (LB) broth, on the nanoparticles produced. They characterized the
nanoparticles by using UV-visible spectroscopy and a laser diffraction particle size

analyzer.

Fungi could also be potentially used to produce SNPs because they can secrete a
large amount of enzymes. Ganesh et al. (2008) used Aspergillus flavus and found that
the SNPs have accumulated on the surface of its cell wall when the fungi were
incubated with silver nitrate solution. In this light, Aspergillus fumigatus can rapidly
synthesize the SNPs and monodisperse particles were formed which can be used in
bacterial applications.

Meanwhile, the cell walls of the Gram-positive bacteria were found to bind with
large quantities of metals compared to the Gram-negative bacteria. In this regard, the
role of bacterial cells in the destiny of metals in the environment has not been
methodically analyzed even though they signify an important component of metal
characteristics. The first evidence of SNPs synthesis was established in 1984 using the
P. stutzeri AG259, a bacterial strain that was originally isolated from silver mine (Nair
& Pradeep, 2002).

Bacillus licheniformis is one of the organisms used to synthesize SNPs at 1 mM
concentration. When the concentration of the silver ion in the environment is 1 mM, the
organism can synthesize SNPs without undergoing an apoptosis. However when the
concentration of the silver ions is higher, for example, 10 mM, the organism would
undergoes cell death within minutes, especially when the concentration crosses the
threshold level (Vaidyanathan et al., 2010).

Pugazhenthiran et al. (2009) proved silver precipitation by observing Bacillus
sp. by using TEM after exposure to a 3.5 mM aqueous AgNOj3 solution. Compared to
many other reviews of metal-resistant bacteria, where efflux of harmful ions is the main

detoxification mechanism (Vaidyanathan et al., 2010), the majority of the accumulated
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silver here was deposited as seed-like particles between the outer membrane and the

plasma membrane.

Meanwhile, the Abd, Al-Kawaz, & Al-Dahmoshi (2013) presented images of
silver nanoparticle (36.9 nm) in the Morganella morganii samples after 20 h reaction
obtained from their TEM analysis. Moreover, Saifuddin and his co-researchers posited
the presence of varied nanoparticle morphology of in the micrographs, such as spherical
and triangular nanoparticles. As the nanoparticles were not in direct contact with the
aggregates, there is a presence of capping agents such as protein, which is secreted by
the bacteria to stable itself (Saifuddin et al., 2009).

Instead of using biological entities, a green synthesis route for the production of
silver nanoparticles using methanol extract from Solanum xanthocarpum berry (SXE)
was reported by Amin, Anwar, Janjua, Igbal, & Rashid (2012). In the study, SXE (as
capping as well as reducing agent) reacted with AgNOg3 resulting in SNPs with a surface
plasmon resonance (SPR) band centered at 406 nm, during a 25 min process at 45 °C.
The results showed that the time of reaction, temperature and volume ratio of SXE to
AgNO3 could accelerate the reduction rate of Ag™ and affect the SNPs size and shape.
The nanoparticles were found to be about 10 nm in size, mono-dispersed in nature, and

spherical in shape.

The images of the nanoparticles are uniformly sized across the different
medium (Vaidyanathan et al., 2010). By comparing the results with Pugazhenthiran et
al. (2009), the substrate that they used is 3.5 mM AgNOs (silver nitrate) and the biogenic
nanoparticles sized 10 — 15 nm were observed in the periplasmic space of the bacterial

cells between the outer and inner cell membranes using the higher magnification TEM.

Meanwhile, an experiment using fresh leaf extract found the average size of
particles to be 50 nm within the size range of 30 nm to 80 nm. Some irregular shaped of
SNPs were observed. However, as this research is more focused on smaller sized
particles, the solution was centrifuged at 1200 rpm for 15 min until the particles present
in the supernatant were homogenous and reached the average size of 7 nm. Since there
are numerous methods for synthesizing SNPs, the shapes obtained were also varied as

shown in Figure 2.4. These include octahedral, spherical, cubic, disc, shell shapes,
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hexagonal, tetrahedral, wire, triangular prism, triangular mark, coaxial cable and belt
(Jawaad, Sultan, & Al-Hamadani, 2014).
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Figure 2.4 Various shape of SNPs
Source: Srikar, Giri, Pal, Mishra, & Upadhyay (2016)

According to a previous study by Natsuki, Natsuki, & Hashimoto (2015), there
are several factors that affected the size of SNPs including dispersants, reducing agents,
amine and temperature. In their study, the sizes of SNPs obtained were from 7 nm to 40
nm by TEM analysis and the particle’s diameter distribution was measured with
Zetasizer Nano Series. During their study, when the reaction was performed at 50 °C,
the large silver particles formed and the shape appeared to be linked, not spherical.
From Al-Marhaby & Seoudi (2016) studied, during TEM analysis, they were found that
the silver nanoparticles found to be roughly spherical in shape and irregular distribution
as shown in Figure 2.5 when the samples were prepared under different concentrations

of trisodium citrate.
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(b)

Figure 2.5 TEM image for SNPs in roughly spherical shape and irregular
distribution

Source: Al-Marhaby & Seoudi (2016)

2.6 Nitrate Reductase Enzyme

In production of silver nanoparticles, the nitrate reductase was the important
enzyme that responsible in the reduction process of silver ions to silver nanoparticles
(bioreduction of silver ions). The presence of nitrate reductase enzyme and the
involvement nitrogen gas were observed in the process. Nitrogen plays an important
role in proteins and nucleic acids. It was also important biological macromolecules
which form the basic elements of life. There are two processes for nitrogen removal -

nitrification and denitrification (The Water Planet Company, 2009).

Nitrate reductase (NR; EC 1.7.99.4) comprised of molybdoenzymes that reduced
nitrate to nitrite. It is also known as a respiratory nitrate reductase which is an important
reaction in protein production. Nitrate reduction can be carried out for three different
purposes, which are nitrate assimilation, nitrate respiration and nitrate dissimilation. The
assimilation is a process of utilizing the nitrate as a source of nitrogen for growth. The
assimilatory nitrate reduction is performed by bacteria, fungi, algae and higher plants
while nitrate respiration means that the metabolic energy is generated by using nitrate as
a terminal electron acceptor. Lastly, dissimilation is a process of excreted the excess
reducing power for redox balancing. During the nitrification, the nitrogen is removed
from the environment by oxidative conversion of ammonia to nitrate. In the meantime,
in denitrification process, the nitrate is successfully reduced to nitrite, N oxides (NO and
N,O), and dinitrogen (N). The reduction of nitrate plays an important role in the

nitrogen cycle.
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The nitrate reductase catalyzes the two electron reduction of nitrate to nitrite by
four types which are eukaryotic assimilatory nitrate reductase and three different
bacterial enzymes made up of cytoplasmic assimilatory (Nas), membrane-bound
respiratory (Nar) and a periplamic dissimilatory (Nap) nitrate reductase. The eukaryotic
and prokaryotic reductase contain a molybdenum cofactor at their actives sites while in
both assimilatory nitrate reductases, even though there are no similar sequence, they

share a common physiological function.

In regard to the bacterial enzymes, there are two types of dissimilatory nitrate
reductase present which are membrane-bound respiratory (Nar) and periplasmic
dissimilatory (Nap) nitrate reductase. In Nar, a transmembrane proton motive force
(PMF) is generated which allows ATP synthesis. The periplasmic seems to be
dissimilatory enzyme to some Gram-negative bacteria, such as Shewanella genus (Chen
& Wang, 2015). In their study, the Shewanella genus contains special traits allowing the

bacteria to possess two periplasmic nitrate reductase systems (Nap-a and Nap-p3).

Nitrate induces the enzyme in darkness only when suitable sources of reducing
equivalent is added which permits the formation of nitrite. The nitrite itself facilitates
about induction of the enzyme in darkness without the supplementation of exogenous
reducing cofactors. The inhibition of constitutive nitrate reductase by tungstate prevents
the induction of the enzyme by nitrate but not by nitrite. Nitrate induces the enzymes
only under conditions which allow the production of nitrite while the induction capacity
of nitrite is free of this constraint, hence, nitrate reductase can be considered a product-
inducible rather than a substrate-inducible enzyme. In this regard, the NR monomer is
composed of a 100 kDa polypeptide and each contains flavin adenine dinucleotide
(FAD), heme-iron (Fe), and molybdenum-molybdopterin (Mo-MPT).

NR was identified as a flavoprotein which contains a heme-Fe and molybdenum
complexed with a unique pterin or molybdopterin (refer Figure 2.6). NR was shown to
catalyze partial reactions including a dehydrogenase functionality characterized by the
NADH-dependent reduction of ferricyanide and mammalian cytochrome c, which could
be inhibited at a sensitive thiol protected by NADH. The nitrate reduction could also be

handled with reduced flavins, methyl viologen, and bromphenol blue, which inhibited

19



from the dehydrogenase function. All the catalyzed reactions, including natural
NADH/NADPH, were deduced subsequently.

Fe(CN), Cytc N

MV

BPB

Figure 2.6 Functional model of enzyme which contains a heme-Fe and molybdenum
complexed with a unique pterin or molybdopterin

Source: Campbell (1999)

Figure 2.7 shows the unique set of proteins similar to the conservation region of
NR sequences with known proteins and enzymes. NR has eight sequence segments
which are 5 structurally distinct domains and 3 sequence regions that differ from
another protein. The distinct domains are Mo-MPT domains with a nitrate-reducing
active site, interface domain, cytochrome b domain, FAD domain and NAD(P)H
domain. The cytochrome b reductase fragment (CbR) is formed when FAD and NADH
domain is combined. Meanwhile, the cytochrome ¢ reductase (CcR) was formed when
cytochrome b (Cb) domain is joined to CbR. The cytochrome b reductase fragment
contains the active site where NAD(P)H transfers electrons to FAD. A complete three-
dimensional dimeric NR structure modelwas built from structures of sulfite oxidase and

cytochrome b reductase.

The 3 sequence region that differs to another protein and varying in sequence
among NR forms are N-terminal “acidic” region, Hinge 1 and Hinge 2 N-terminal
region is rich in acidic residues but limited in NR forms. Hinge 1 contains serine
phosphorylated in reversible activity regulation with inhibition by 14-3-3 binding
protein. Both Hinge 1 and 2 contain a proteinase site (Campbell, 1999).
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Figure 2.7 Unique set of proteins similar to the conservation region of NR
sequences with known proteins and enzymes.

Source: Campbell (1999)

2.7  Microorganisms Producing NR Enzyme

Studies found that Pseudomonas aeruginosa has the ability to produce nitrate
reductase enzymes; P. aeruginosa is a Gram-negative bacterium which is rod-shaped,
asporogenous and monoflagellated. This microorganism can be found in water, soil,
plants, animals, humans, sewage and hospital. It is an obligate respire that using aerobic
respiration as it metabolism and also able to respire anaerobically on nitrate or other

electron acceptors.

The cell-free supernatant of P. aeruginosa culture was used to measure the
nitrate reductase and nitrite reductase activities. The result revealed that nitrite reductase
activity was greater than the nitrate reductase activity along with the presence of
molybdenum-enhanced extracellular enzyme activities, as shown in Figure 2.8. Nitrate
reductase plays an important role in the biosynthesis of metal nanoparticle and the
important cofactor that enhances nitrate reductase activity is molybdenum even though
the activity of nitrite reductase does not depend on the presence of molybdenum. The
previous experiment showed when the activity of nitrate reductase increased by 96%
molybdenum was added and there was a significant increase in the activity of nitrite

reducatase (Tiwari, Narayanan, Thakar, Jagani, & Rao, 2013).
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Figure 2.8 Enzyme activity (U/ml) in cell-free supernatant of P. aeruginosa culture
with and without molybdenum for (a) Nitrate reductase; (b) Nitrite reductase

Source: Tiwari et al. (2013)

Bacillus subtilis was also found to produce nitrate reductase enzymes. It is a
gram-positive bacteria which can found in water, soil, decomposed plant matter and in
air. This bacterium is widely used in genetic research as opposed to health research. It is
because this bacterium is highly responsive to genetic mutations. Other than nitrate
reductase, these bacteria also able to produce amylase and protease enzyme. In the
previous study reported by Saifuddin, Wong, & Yasumira (2009), the nitrate reductase
activity about 152 nmol/ h/ ml was detected in the culture supernatant of B. subtilis. It
showed that the reductase together with electron shuttling compounds and other
peptides/proteins may be responsible for the reduction of Ag® ions and the subsequent
formation of silver nanoparticles. Shuttling compounds and other peptides/proteins may
be responsible for the reduction of Ag” ions and the subsequent formation of silver

nanoparticles.

The Rhizobium sp. and Azotobacter sp. isolates also able to aerobically reduced
nitrate by adding 0.2 ppm of silver nanoparticles in the culture medium. In previous
research, they showed that both isolates were the best strains in aerobically reducing
nitrate. Both microbes were isolated from the meliloti nodules and soil of Isfahan
(Shahrokh, Hosseinkhani, & Emtiazi, 2014). They are Gram-negative bacteria and can
fix nitrogen. The Rhizobium sp. and Azotobacter sp. can create symbiosis relationship
with certain plants such as legumes, then the nitrogen was fixed from the air into

ammonia and it was used as a natural fertilizer for the plants.
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A previous study by Sohaskey & Modesti (2009) revealed that Mycobacterium
tuberculosis and Mycobacterium bovis contain low nitrate reductase activity during
aerobic growth but they showed strong hypoxic induction. M. tuberculosis and M. bovis
are the members of M. tuberculosis complex. Both microorganism able to cause
tuberculosis in humans. To prevent tuberculosis, a live attenuated vaccine strain, M.
bovis Bacilli Calmette-Guerin (BCG) was used. Historically by the fact, M. tuberculosis
was distinguished from M. bovis in which only M. tuberculosis can reduce a significant
amount of nitrite. However, under longer incubation period and anaerobic conditions,

the production of nitrite has been reported for some M. bovis strains.

Instead of microorganisms, a previous study by Redinbaugh & Campbell (1985)
isolated Blue Sepharose and zinc-chelate, the nitrate reductase (EC 1.6.6.1) squash
cotyledons (Cucurbita maxima L.) by using chromatography followed by gel filtration.
By UV/visible spectrum, the homogeneous nitrate reductase contains a typical b-type
cytochrome. The enzyme was found to contain one each of flavin (as FAD), heme iron,
molybdenum, and Mo- pterin/M, = 115,000 sub-unit. The two features observed on two-
dimensional gels which are native gel electrophoresis and denaturing during the enzyme
purification by using Blue Sepharose and zinc column chromatographies. The result
revealed that there were multiple and variable protein staining bands corresponding to
the native nitrate reductase, indicative of limited proteolytic cleavage of the native
enzyme. Cucurbita maxima L. is a type of herbaceous vines genus in gourd family. This
species is grown worldwide variously known as squash, gourd or pumpkin depends on

their species.

Chow, Capociama, Faria, & Oliveira (2007) studied the nitrate reductase activity
in marine red alga Gracilaria caudata by conducting an in vitro assay. The presence of
nitrogen is the most important abiotic factor in seawater that limits the growth of algal.
The study revealed that the nitrate reductase activity showed maximal peaks at 20 °C
and pH 8.0. The nitrate reductase was managed by several environmental and
intracellular factors which are molybdenum, the concentration of nitrogen compound,

carbon dioxide, iron, phytohormones, carbon metabolites, plastidic factors and light.

Other than Cucurbita maxima L. and G. caudata, there also have some plants

that able to produce nitrate reductases, such as Dactylis glomerata L. and Festuca ovina
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L. The previous study by Scheurwater, Koren, Lambers, & Atkin (2002) showed that
slow-growing grass species perform a greater proportion of total plant nitrate reduction
in their roots that fast-growing grasses. The result indicates that the slow-growing grass
species, Festuca ovina L. perform the same proportion of total plant nitrate reduction in
their root as exhibited by fast-growing grasses, Dactylis glomerata L. The shoots act as
predominant site of whole plant nitrate reduction in both fast and slow growing grass

when they are grown with free access to nutrients.

2.8  Properties of NR Enzyme

2.8.1 As Main Role in Nitrate Assimilation

The nitrate reductase plays a role in the regulation of nitrate assimilation in
lower and higher plants. In higher plants, assimilatory NR is a most interesting enzyme,
both from its central function in plant primary metabolism and control of the catabolic
activity. The major external of light and plant hormone availability is triggered for the
rapid and reversible modulation of NR activity. As it is well known that products of
light reaction reflect the need to coordinate carbon (C) and nitrogen (N) assimilation. In
the NOj3 assimilation pathway, NR is the first enzyme and represents the rate-limiting
step in this process. It is able to generate NO; in the cytoplasm of a plant cell, which is
translocated into the plastids for further reduction and metabolization. The indigenous
enzyme is a dimer in higher plants and Chlamydomonas, and a tetramer in chlorella.

NR is a molybdenum (Mo) protein enzyme. From a number of plants, Mo has
bound to the enzyme purified. The biosynthesis of molybdenum cofactor (MoCo)
involves the complex interaction of six proteins and is a process of four steps, which
requires Fe, ATP and Cu. MoCao is distributed to the apoproteins of Mo-enzymes by
MoCo-carrier/binding proteins after the synthesis. A deficiency in the biosynthesis of
MoCo has lethal consequences for the respective organisms. The redox potential of the
heme-Fe in the enzymes depends greatly on the form of NR used for the movement. The
reduction of NR activity is more declared at the reproductive stage of the plant (Mazid,
Khan, & Mohammad, 2012).
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2.8.2 As Heavy Metal Detection Tool

By the 1970s, in United States, Canada, and Europe, serious nitrate pollution had
occurred in some surface and groundwater which reached the Maximum Contaminant
Limit (MCL) for potable water (Burow, Nolan, Rupert, & Dubrovsky, 2010). The
methemoglobinemia or blue baby syndrome posed by a high concentration of nitrate in
drinking water. This was caused by strong binding of nitrite to hemoglobin and
oxidation of the iron center, which is more serious in infants since fetal hemoglobin
binds nitrite more strongly and can result in death. The health risks such as cancer and
long-term exposure to high nitrate concentrations in drinking water are not well enough
documented to justify the further restriction of the nitrate MCL. The excess N in the
environment as a result of agricultural practices to maximize crop yield and animal
wastes causes the pollution when they were released into the environment without
undergoing a tertiary process to remove nutrients. This has happened since the end of
the Second World War. Other than that, the industrial processes and air pollution also
contribute to nitrate pollution. The N contamination has potential health effects in
drinking water, nutrient enrichment of aquatic and terrestrial ecosystem and can cause

global warming (Puckett, Tesoriero, & Dubrovsky, 2011).

Nitrate reductase is an efficient enzyme and done the important job in nitrogen
metabolism which essential in every plant on earth. It has been used as nitrate testing
method and this is very important in environmental biotechnology. In the previous study
by Sandu et al. (2014) reported that, instead of cadmium or enzymes, the nitrate testing
in the environment was done with zinc powder which is heavy metals. This testing has
high potential to harm the environment. So that, the nitrate reductase based nitrate
testing was replaced the older method because of this method was environmentally
friendly, more accurate and safe to conduct. On a real-time, nitrate must be monitored in

surface and ground waters.

A nitrate electrode was developed recently based on corn leaf NR, where
electrons are directly supplied to the enzyme for nitrate reduction by an electrode coated
with methyl viologen. It has the capability to quantify nitrate in fertilizer solutions. On
the other hand, NR enzyme also can be used in the biosensor for nitrate determination
(Campbell, 2015; Sohail & Adeloju, 2016). A Biosensor is an analytical device
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composed of bioreceptor, detector and transducer. Because of a commercial nitrate
biosensor based on NR, the other biosensors such as those based on glucose oxidase for
monitoring blood glucose also produced. Removing nitrate from potable water methods
would be a solution for many communities and individuals where nitrate pollution has

contaminated their drinking water source.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter details the research design of this project. The research began with
the isolation of microbial from three different sources soil, water and spoiled food.
Subsequently, all of the unknown bacteria obtained underwent a purification process
and microbial inoculation was added to the growth medium. The protein assay was first
studied to obtain the most potent isolate among all the bacteria and after the most potent
isolate was identified, microbial inoculation was performed once again and added to the
growth medium. In this step, the several parameters were studied so that the most potent
isolate able to produce and improved the enzyme and nanoparticle production. The
microbial cells were harvested after 15 days and were centrifuged to obtain a
supernatant. With the supernatant, protein and enzyme assays were performed to derive
the value of proteins and enzymes activity presented in each sample. Next, the
supernatant was sent for ICP-MS analysis. Freeze drying was conducted to obtain the
sample in powder form to be sent for XRD analysis. Finally, the colonies of the most
potent bacteria were sent to the central lab for bacterial identification. The details
descriptions of the research methodology were provided in the next section. The

summary of the research methodology is presented in a flowchart in Figure 3.1.
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Figure 3.1 The flow chart of the research methodology
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3.2 Microbial Isolation from Different Sources

3.2.1 Samples Collection

Soil, water and spoiled foods were collected from different sites. Soil samples
were collected from Kolej Kediaman 2 (KK2) in University Malaysia Pahang and
Panching area, Kuantan, Pahang while the water samples were collected from Sungai
Belat (500 ml) located in front of Gambang Sports School and from Gambang Lake
(600 ml). The spoiled food samples were collected from rotten fried chicken livers,
jackfruits and apple fruits.

The soil samples from Kolej Kediaman 2 and Sungai Panching were labeled as
‘KK2S’ and ‘PS’, respectively. The water samples from Sungai Belat and Gambang
Lake were labeled as ‘RSS’ and ‘GL’, respectively while the spoiled food samples in
forms of rotten fried chicken liver, jackfruit and apple fruit were labeled as ‘CL’, ‘JF’
and ‘A’, respectively. After that, the soil samples were stored at room temperature and
protected from humidity and sunlight while the water and spoiled food samples were
stored in the chiller at 4°C.

3.2.2 Serial Dilution Method for Isolation

One gram of each soil sample was weighed in a small beaker and 30 ml distilled
water was added. The mixture was mixed well for 3 to 5 minutes continuously and left
to sediment. The 9 ml of distilled water were pipetted into each 5 blue cap tubes and 1
ml of soil extract from Kolej Kediaman 2 (KK2S) was added into the first tube and
shakes well and labeled as 107" dilution. Then, 1 ml of the mixture from the first tube
was pipetted into the second tube and labeled as 107 dilution. This step was repeated
until get the 107 dilution as shown in Figure 3.2. After that, these steps were repeated
for other samples collected from Panching soil (PS), Sungai Belat (RSS) and Gambang
Lake (GL). For the spoiled food samples, a direct inoculation loop was used to retrieve
the bacteria from the spoiled area and mixing them with 9 ml distilled water. Then,

similar to the previous steps, a serial dilution was done until the 10 dilution.
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Figure 3.2 Serial dilution of collected samples for microbial isolation

3.2.3 Preparation of Nutrient Agar Medium

About 28 g of nutrient agar (NA) powder (Oxoid) was weighed before being
suspended in 1 liter of distilled water. The mixture was stirred continuously on the hot
plate stirrer until it was completely dissolved. After that, the mixture was autoclaved for
121 °C for 15 minutes by using autoclave machine (Hirayama) to make sure the
unwanted microorganisms were killed and to avoid contamination. After that, the
nutrient agar was poured into the sterile petri dishes and left to solidify in the laminar air
flow.

3.2.4 Preparation of Potato Dextrose Agar (PDA) Medium

The 9.76 g of PDA powder (Merck) was weighed on the weighing balance, then;
it was suspended with 250 ml of distilled water and stirred on the hot plate until the
PDA was totally dissolved. After that, the PDA was autoclaved for about 15 minutes at
121 °C using autoclave machine (Hirayama). The autoclaved PDA was poured quickly
into sterile Petri dishes and left to completely solidified. The process was conducted

under a laminar air flow to avoid any contamination.
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3.2.5 Spreading and Streaking Method

The bottom of each agar medium plate was labeled with the name of the
samples, date and the temperature. Then, 0.1 ml of the bacterial suspension from the
serial dilution was pipetted onto the center of an NA plate. The L-shaped glass rod was
sterilized by dipped it into a beaker of ethanol and tapped on the side of the beaker to
remove any excess ethanol. After that, the ethanol-soaked spreader was briefly passed
through the flame to burn off the alcohol. It was allowed to cool before the bacterial
suspension was spreaded evenly over the agar surface. Then, the spreader was immersed
again in ethanol and re-flamed. These steps were repeated for the other samples. On the
other hand, for the spoiled food samples, the direct streak was applied, as shown in
Figure 3.3. Finally, all of the petri dishes were inverted and incubated for 24 to 48 hours
at 37°C and 50°C.

Figure 3.3 Direct streaking method for microbial isolation

3.3 Subculture of Pure Bacterial Isolates

After isolation process was completed, the bacteria were purified to another NA
to specify their characteristic. The process was conducted under a laminar air flow for
ensure sterility. In this light, some petri dishes might contain 2 or 3 species of bacteria
from different genera. Therefore, the bacteria were carefully taken and streaked to
another NA. This step was repeated with other petri dishes that contained different
microbes. The purified microorganisms were incubated at their respective temperatures
which were 37°C and 50°C for 48 hours.
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3.3.1 Preparation of Agar Slants Culture

About 2 liter of NA was prepared and autoclaved at 121 °C for 15 minutes.
Then, 5 ml of the autoclaved NA was poured into each slant tube to fill less than half of
the tube. About 144 slants were prepared from 1.5 liter of NA and autoclaved for 15
minutes, then, 500 ml of nutrient agar was used to fill in the petri dishes. After that, the
slants were left on the bench at a slant position for 24 hours to solidify (refer Figure 3.4

in Appendix B).

After being fully solidified, the bacterial isolates from petri dish were spreaded
evenly over the agar surface with the sterilized spreader (refer Figure 3.5 in Appendix

B). All the processed were done under a sterile condition.

3.4 Preparation of Bacterial Inoculation

About 8g of NB medium was weighed and put into the beaker. Subsequently, 1
liter of distilled water was added to each beaker. The mixture was stirred continuously
on the hot plate stirrer until it was completely dissolved. Then, 50 ml of the medium
was measured and put into a 100 ml conical flask (refer Figure 3.6 in Appendix C).
Next, the medium was autoclaved using autoclave machine (Hirayama) at 121 °C for 15
minutes to make sure the unwanted microorganisms were killed and to avoid the
contamination. Then, it was cooled under laminar air flow. After that, the bacterial
isolates from slants were inoculated in the prepared flasks. The control, which does not
contain any bacterial inoculum, was also prepared. Then, the flasks were incubated in
37°C and 50°C incubators for 24 hours. Finally, all the changed of the samples in flasks

were observed.

35 Production of Silver Nanoparticles

3.5.1 Pre-treatment of Substrate (X-Ray Sheet) Using 4M NaOH

The substrate was cut into small pieces (0.2 x 0.2 cm), as shown in Figure 3.7.

Then, 35g of the substrate was put into a 250 ml beaker. Then, 4M NaOH (refer

Appendix D for their preparation) was added to cover the substrate surface as shown in
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Figure 3.8(a). After that, the mixture was mixed well using the Lab Companion S1-
600R Benchtop Shaker for overnight at 150 rpm, then the suspension was washed using
tap water to remove the colored of the substrate as shown in Figure 3.8(b) while the pH

was adjusted until it achieved the pH of 7. Then, it was dried in an incubator at 50°C

overnight for the next step.

Figure 3.7 The x-ray sheets before and after cutting into small pieces

Figure 3.8 The substrate pre-treatment of x-ray sheets using 4M NaOH.(a) The
substrate covered with 4M NaOH. (b) The substrate after washing with tap water.
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3.5.2 Preparation of Growth Medium (Modified Minimal Medium, MM9)

According to the manual for preparation of Minimal medium (refer Appendix A,
three stock solutions were prepared and labeled as solution A, B and C. Solution A, was
prepared by removing NH,Cl and adding 20% D-Glucose. Subsequently, 25.6 g/l of
Na,HPO, 7(H,0) (Merck), 6 g/l of KH,PO, (Merck) and 1 g/l of NaCl (Merck) were
prepared. All of chemicals were weighed and suspended in 500 ml distilled water inside
1 liter beaker and distilled water was further added until the volume reached 1 liter. This
solution was prepared twice (2x) concentrations as it is stock solutions. It was labeled as
solution A. For solution B, 1x concentration of MM9 was prepared by transferring 500
ml of the stock solution A into another 1 liter beaker and 2 ml of solution B (1.0 M
MgSQ;, solution) and 1 ml of solution C (1.0 M CacCl; solution) were added. Distilled
water was further added until the volume reached 1 liter. The calculation to determine
the amount of of MgSQO, and CaCl, needed to prepare the solutions B and C is presented
in Eq. (3.2) in Appendix D.

3.5.3 Preparation of Modified Minimal Medium (MM9) Containing X-Ray Sheet

For this preparation, 50 ml of the complete 1x concentration production medium
(MM9) was added into 100 ml conical flasks. After that, 0.5 g of the substrate (pre-
treated x-ray sheets) were weighed and added into each conical flask (refer Figure 3.9 in
Appendix C) and autoclaved at 121 °C for 15 minutes using autoclave machine
(Hirayama) to make sure the unwanted microorganisms were killed and to avoid
contamination. After cooled, 1 ml of medium was removed and 1 ml of 20% D-glucose
was added. The mixture was mixed thoroughly and 5 ml was discarded from the flask.
Then, it was replaced by 5 ml of bacterial inoculum which was pipetted into each flask.
This process was conducted under a laminar air flow. The flask for control only
contains MM9 and bacterial inoculum but no x-ray sheets, was also prepared. All of the

flasks were incubated at 37°C and 50°C incubators for ten days in darkness.

After the incubation period, each mixture was transferred into a 50 ml centrifuge
tube and was centrifuged for 5 min, 5000 rpm and 4°C by using refrigerated centrifuge
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machine (Heraeus Biofuge Primor) to separate the microbial cell with the supernatant.
Then, all of the tubes contained supernatant was kept in a chiller for the next step.

3.6  Lowry Protein Standard Curve and Assay

The Bovine Serum Albumin (BSA) with different concentrations was prepared
which were 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 mg/ml as the protein standard curve. The
experiment was carried out in darkness because BSA is sensitive towards the presence
of light. Lowry, Rosebrough, Farr, & Randall (1951) protocol was used to determine the
protein content.

Generally, there were 3 solutions in Lowry assay which were solution A, B and
C. Then, the mixture of solution A, B and C which known as Lowry solution was
prepared freshly before used using appropriate ratio. In solution A, 2.86 g of NaOH
with 14.30 g of Na,CO3z was dissolved in 500 ml distilled water. For solution B, 1.42 g
of CuS0O,. 5(H20) was dissolved in 100 ml distilled water and for solution C, 2.85 g of
Na,. Tartarate. 2(H,O) was dissolved in 100 ml distilled water. The Lowry solution was
prepared in the ratio 48: 1: 1.

The Folin-Ciocalteu’s phenol reagent was prepared with the ratio of 1:1. For
example, if 4 ml of complete reagent is needed, 2 ml of the Folin-Ciocalteu’s phenol
reagent (Merck) need to be diluted in 2 ml distilled water. This solution was kept in an
amber container because it is light-sensitive. It was prepared fresh i.e 5 minutes prior to

the incubation of the first sample.

Lowry assay began by pipetted 5 ml of Lowry solution into each test tube and
0.5 ml of the chilled sample (refer section 3.5.3) was added while 0.5 ml of distilled
water was added to the control sample. Each mixture was mixed and kept for 15
minutes at room temperature. Then, 0.5 ml of diluted Folin-Ciocalteu’s phenol reagent
was added into each mixture. It was mixed and kept for 30 minutes at room temperature
to observe color changed. Finally, each solution was transferred into a cuvette. Each
mixture’s absorbance was measured at a wavelength of 700 nm by using a microplate
reader (Infinite M200 Pro Tecan). The mixtures with the highest microbial isolates

absorbance’s reading were considered as most potent isolates.
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3.7 Nitrate Reductase Biochemical Test

A nitrate reductase biochemical test was performed to confirm the most potent
isolates had been successfully produced nitrate reductase enzyme before proceeded for
enzyme assay. The reagent for Nitrate A and Nitrate B was prepared for this test. The
reagent for Nitrate A consists of 0.5 ml dimethyl-naphthylamine or alpha-
naphthylamine dissolved in 5N acetic acid. The reagent for Nitrate B consists of 0.2 g
sulfanilic acid dissolved in 5N acetic acid. Both reagents were used to detect the
presence of nitrite produced by the reduction of nitrate in nitrate broth. First, the
samples were inoculated in 5 ml nitrate broth and incubated overnight. After that, about
1 ml of each reagent was added into the culture. It was observed that the culture turned

red which indicates the nitrate was successfully reduced to nitrite.

3.8 Nitrate Reductase Standard Curve and Assay

Different concentration of sodium nitrite (NaNO,) were prepared viz; 0, 20, 40,
60, 80, 100, 120, 140, 160, 180 and 200 pg/ml as standard concentrations. The
concentrations were prepared through dilution with distilled water.

The enzyme activity was measured using the assay method described by
Saifuddin et al. (2009). In this method, two assay medium which were 30 mM KNO;
and 5% propanol in 0.1 M phosphate buffer pH 7.5 was prepared. Then, the nitrite assay
reagents consist of Sulfanilamide solution: 1% (w/v) in 25% (v/v) HCI and N-(1-
napthy) ethelenediamine dihydrochloride solution: 0.02% (w/v) in distilled water was

also prepared.

By using 10 ml of bacterial supernatant of most potent isolates (refer section
3.5.3), the enzyme assay was determined. The enzyme assay was done by prepared
negative and positive control. The negative control were prepared by placed the samples
contained 10 ml bacterial supernatant and 10 ml assay medium in a boiled water bath to
kill the enzyme. After being boiled for 5 minutes, the tubes were kept at room
temperature before the absorbance was measured. This was done in triplicates. After

that, for positive control, 10 ml of assay medium were added to 10 ml bacterial
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supernatant and were incubated in darkness for 60 minutes before being placed in a
boiled water bath for 5 minutes. This was done in triplicates also.

After the samples were cooled, 5 ml of sulfanilamide solution 1% (w/v) in 25%
(v/v) HCI was added to each tube. Next, 5 ml of 0.02% (w/v) N-(1-napthy)
ethelenediamine dihydrochloride solution was added and quickly mixed by inverted the
tubes. A color change was observed after 20 minutes and 250pul of each sample was
loaded into appropriate microplate wells. Finally, the absorbance at 540 nm was

measured by using a microplate reader (Infinite M200 Pro Tecan).

The amounts of nitrite found in negative controls were subtracted from the
amount in positive controls to calculate the amount produced by the enzyme activity in
60 min. One unit of nitrate reductase (I1U) is define as the amount of enzyme liberates

one micromole of nitrite per minute under standard condition.

3.9  Parameter Controlling NR Enzymatic Activity on Disposed X-Ray Sheet

The parameters studied of NR enzyme and SNPs production was carried out
only for the most potent microbial isolates identified in the screening process by using
protein assay (refer section 3.6). These isolates were CL4C and GL7. In the meantime,
the parameters were important to determine the suitable condition and sources that can
boost and improve the nitrate reductase enzyme activity and silver nanoparticles

production.

3.9.1 Effect of Different Incubation Condition

In this study, 50 ml of complete production medium (MM9) contained bacterial
inoculum (refer section 3.4) were prepared for each isolate (CL4C and GL7) including
control as elaborated in section 3.5.3. In the completed MM?9, 5ml of bacterial inoculum
(10 % v/v) with 5x10° cells/ml was added into 45 ml of medium. The control did not
contain x-ray sheets. Each of them was prepared in 2 batches which was for static
(standing incubation) and not static (shaker incubation condition). Then, 0.5g of the
substrate was added to each flask. After that, the first batch of flasks was incubated in a

standing culture and second batch in non-static condition by using 140 rpm Lab
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Companion S1-600R Benchtop shaker. Both were incubated at 37°C for 10 days in
darkness. After finished incubation, each sample was transferred into 50 ml centrifuge
tube and centrifuged for 5 min, 5000 rpm and 4°C using refrigerated centrifuge machine
(Heraeus Biofuge Primor) to separate the microbial cell with the supernatant and the
supernatant underwent a Lowry protein assay (refer section 3.6) and NR enzyme assay
(refer section 3.8).

3.9.2 Effect of Different Substrate Concentration

About 50ml of complete production medium (MM?9) contained 5ml bacterial
inoculum (refer section 3.4) were prepared for each isolate (CL4C and GL.7) including
control as elaborated in section 3.5.3. The control for this studied was the medium
without any Xx-ray sheets. After that, the flasks contained different substrate
concentrations were prepared which are 0.2g, 0.5g, 0.8g, 1.0g and 1.5g for each most
potent isolate. Finally, both were incubated at 37°C for 10 days in darkness. After the
incubation period, each sample was transferred to a 50 ml centrifuge tube and
centrifuged for 5 min at 5000 rpm and 4°C using refrigerated centrifuge machine
(Heraeus Biofuge Primor) to separate the microbial cells from the supernatant.
Consequently, the supernatant underwent a Lowry protein assay (refer section 3.6) and

NR enzyme assay (refer section 3.8).

3.9.3 Effect of Different Incubation Period

Fifty ml of complete production medium, MM9 (refer section 3.5.3) contained 5
ml of bacterial inoculum (refer section 3.4) were prepared for each isolate (CL4C and
GL7). In this study, the different substrate concentrations as previous parameter (refer
section 3.9.2) was prepared for each isolate (CL4C and GL7) but they were prepared in
three batches. The first batch was incubated for 10 days, second for 15 days and third
for 20 days. All of them were incubated at 37°C in darkness. The control for this studied
is the medium that do not contained any x-ray sheets. After the incubation period, each
sample were transferred to a 50 ml centrifuge tube and centrifuged for 5 min at 5000
rpm and 4°C using refrigerated centrifuge machine (Heraeus Biofuge Primor) to
separate the microbial cells from the supernatant prior to undergoing a Lowry protein

assay (refer section 3.6) and NR enzyme assay (refer section 3.8).
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3.9.4 Effect of Different Initial pH Values

In regard to the pH values, the similar procedure was applied by preparing 50 ml
of the complete production medium (MM9) containing 5ml bacterial inoculum for each
isolate which are CL4C and GL7 (refer section 3.5.3). The pH of MM9 medium for
each isolate was adjusted to 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 by using hydrochloric acid
(HCI) and sodium hydroxide (NaOH). Then, 1.0 g of substrate was added to each flask.
The control for this study is medium that do not contain any x-ray sheets. All the
samples were incubated at 37°C for 15 days in darkness. After the incubation period,
each of the sample was transferred to a 50ml centrifuge tube and centrifuged for 5 min
at 5000 rpm and 4°C using refrigerated centrifuge machine (Heraeus Biofuge Primor) to
separate the microbial cells from the supernatant before the supernatant underwent a

Lowry protein assay (refer section 3.6) and NR enzyme assay (refer section 3.8).

3.9.5 Effect of Different Nitrogen sources

One gram each of different nitrogen sources which are yeast extract, malt
extract, ammonium chloride, potassium nitrate and sodium nitrate, was added into the
50 ml of complete production medium (MM9) containing 5 ml bacterial inoculum for
each isolate (refer section 3.5.3). Then, 1.0 g substrate was added to each flask. The
control for this study did not contain any x-ray sheets. All the samples were incubated at
37°C for 15 days in darkness. After the incubation period, all the samples were
transferred to a 50 ml centrifuge tube and centrifuged for 5 min at 5000 rpm and 4°C
using refrigerated centrifuge machine (Heraeus Biofuge Primor) to separate the
microbial cells from the supernatant and the supernatant underwent a Lowry protein

assay (refer section 3.6) and NR enzyme assay (refer section 3.8).

3.9.6 Effect of Different Concentrations of Nitrogen Source

After the optimum nitrogen source was chosen through the protein and enzyme
assay, it was observed that the sodium nitrate provides the optimum conditions for NR
and SNPs production, hence, the effects of different sodium nitrate concentrations was
analyzed. The main purposed of this studied was to investigate whether in minimum

usage of sodium nitrate, the most potent isolate was able to produce optimum enzyme
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activity or not. Nitrogen sources with different concentrations which is 0.01, 0.02,
0.03g, 0.04g and 0.05g was studied by added into 50 ml of complete production
medium (MM9) containing 5ml bacterial inoculum for each isolate (CL4C and GLY7).
Different concentrations of each substrate also was added and presented in ratio as
shown in Table 3.1 to monitor the nitrate reductase activity. In this light, the control
medium for this study contained 1g of x-ray sheets but no nitrogen source. All the
samples were incubated at 37°C for 15 days in darkness. After the incubation period,
each sample was transferred to a 50 ml centrifuge tube and centrifuged for 5 min, at
5000 rpm and 4°C using refrigerated centrifuge machine (Heraeus Biofuge Primor) to
separate the microbial cells from the supernatant. Then, the supernatant underwent a

Lowry protein assay (refer section 3.6) and NR enzyme assay (refer section 3.8).

Table 3.1 NR monitoring using different sodium nitrate and x-ray concentrations

NaNO; : X-Ray Sheets (g/50ml)

0.050:1.00
0.040:1.50
0.015:1.00
0.010:1.25
0.003:1.00

3.10 Production of Nitrate Reductase by Compiling All the Optimum

Parameters by the Most Potent Bacterial Isolate

Flasks that contained all the optimum parameters were prepared based on the
result obtained from each parameter studied (refer section 3.9.1 until 3.9.6). The similar
procedure was applied by preparing 50 ml of the complete production medium (MM9)
containing 5ml bacterial inoculum for each isolate which are CL4C and GL7 (refer
section 3.5.3). At the end of incubation, the supernatant underwent a Lowry protein
assay (refer section 3.6) and NR enzyme assay (refer section 3.8). The pellet was kept in
chiller for analysis to check whether SNPs deposited in or outer the bacterial cells

(intracellular or extracellular).
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3.11 Analysis and identification

After the Lowry protein assay and NR enzyme assays were completed, the
remaining samples were kept in a chiller (supernatant obtained during centrifugation)
before being transferred into freeze-dry flasks to undergo a freeze-drying process to
obtain the powder for XRD analysis. The samples were frozen in the freezer at the
temperature of -20 °C for 5 days. Once the freeze-drying process, the powder obtained
was sent for XRD (Rigaku, Miniflex Il) analysis at FIST Laboratory, Universiti
Malaysia Pahang, Gambang. The pellet was then sent for Transmission Electron
Microscopy (TEM) at Imaging Centre (iMACE), Faculty of Pharmacy, Universiti
Technology Mara (UiTM) Puncak Alam Campus, Selangor to see the image of SNPs
produced and the supernatant was sent to ICP-MS at Central Laboratory, Universiti
Malaysia Pahang, Gambang to analyze the concentration of several elements present in
the samples. Then, the most potent isolates were identified by using a Biolog Microbial
Identification System conducted in the Central Laboratory, Universiti Malaysia Pahang,

Gambang.

3.12 Gram staining

Gram staining was conducted to test whether the most potent isolate is either
Gram positive or Gram negative. In the beginning, the heat-fixed smears of two
different types of bacteria labeled as CL4C and GL7 were prepared. The slides were
placed on the staining rack and the primary staining (crystal violet) was flooded for 30
seconds. After that, it was rinsed with water for 5 seconds. Next, both slides were
covered with Gram’s iodine mordant for 1 minute to fix the stain to the cell before being
rinsed with water for 5 seconds. Then, the decolorizer containing a mixture of acetone
was added drop by drop for 30 — 60 seconds or until the crystal violet failed to wash
from the slide. It was rinsed again with water for 5 seconds. Later, the counter-stain
(safranin) was added for 60 — 80 seconds and rinsed again with water for 5 seconds.
Finally, both slides were dried by flame and were examined under oil immersion bright
field microscope (100 x magnification). The Gram-positive isolate stained from blue to
purple stain and Gram-negative isolates stained pink to red, as shown in Figure 3.10

(refer Appendix E).
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Isolation of Bacterial Isolates

All the samples were collected from different sources which were soil, water and
spoiled food. These samples have undergone isolation processed to purify them. The
bacterial colonies were obtained from the spreading and streaking method on nutrient
agar and potato dextrose agar according to their respective circumstances. Since bacteria
can grow in various environments, all the unknown bacterial colonies were incubated at
two different temperatures which are 37 °C and 50 °C due to uncertainty on which

temperature was suitable for them to survive.

The results indicated that the entire unknown bacterial colony was able to
survive in 37 °C and can be classified as mesophilic, whereas, some of them were able
to survive in high temperature (50 °C) and can be classified as facultative thermophiles.
In this light, a mesophile bacterium can grow best in medium temperature which is
neither too cold nor too hot while a thermophile bacterium can thrive at a relatively high

temperature between 45 °C to 122 °C.

The significant thermophilic bacteria analysis was inspired by a previous
research by Deljou and Goudarzi which showed that the thermophilic Bacillus sp
isolated from hot spring could be used for the extracellular synthesis of silver
nanoparticles. Based on their result, the biosynthesis of silver nanoparticles were
confirmed by dark brown color formation in the mixture and silver surface plasmon
resonance band which appeared during the UV-Vis spectroscopy (Deljou & Goudarzi,
2016). Besides that, Syed, Saraswati, Kundu, & Ahmad (2013) reported the successful
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use of thermophilic fungus Humicola sp in the biosynthesis of silver nanoparticles. The
result was confirmed by TEM analysis which showed the morphology of spherical

shape nanoparticles.

The data recorded in Table 4.1 showed the different isolation sources of
unknown bacterial isolates chosen after 5 x 10° cells/ml subcultures in the purification
process. About 36 isolates were successfully isolated at the incubation temperature of
37 °C for the incubation period of 24 — 48 hours. Only 3 isolates were obtained from
soil samples, 11lisolates were derived from the water samples and 22 isolates obtained

from the food samples.

Table 4.1 Isolation of bacterial isolates at 37 °C. (a) Soil (b) Water (c) Spoiled Food

No Isolate code (Soil source)

1 KK2S4

2 KK2S5

3 PS1
No Isolate code (Water source)
1 GL1

2 GL4

3 GL 5C

4 GL 6

5 GL7

6 RSS 2B

7 RSS 3

8 RSS 4

9 RSS5

10 RSS 6

11 RSS 7
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Table 4.1 Continued

No Isolate code (Spoiled food source)
1 Al

2 A5

3 A6

4 A9

5 CL 2 (Branch)

6 CL 2C

7 CL3

8 CL 4B

9 CL 4C

10 CL5

11 CL7

12 CL 8A

13 CL9

14 CL11

15 CL 13A

16 CL 13B

17 CL 14

18 CL 16

19 JF INNER (NA)
20 JF OUTER 2

21 JF OUTER 2A (PDA)
22 JF OUTER 2B (PDA)

Meanwhile, the data recorded in Table 4.2 showed the different isolation sources
of unknown bacterial isolates chosen after being purified and incubated at 50 °C. 19
isolates were successfully isolated with the NA medium at the temperature of 50 °C for
24 — 48 hours incubation period. Only two isolates were obtained from soil samples, 6
out of 19 were obtained from water samples and 11 out of the 19 isolates were obtained

from food samples.
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Table 4.2 Isolation of bacterial isolates from soil samples at 50 °C. (a) Soil (b) Water (c)

Spoiled food

No

Isolate code (Soil source)

1

KK2S 4
KK2S 5

Isolate code (Water source)

GL1
GL4
RSS 2B
RSS 5
RSS 6
RSS 7

Isolate code (Spoiled food source)

© 00 ~N o o1 A W DN B

[
= O

Al
A5
A6
A9
CL 4B
CL 4C
CL7
CL 13A
CL 13B
CL 16
JF OUTER 1 (NA)

As much as possible unknown bacterial isolates were derived from different

sources to find the best or strongest microbe that can be used to produce SNPs, and has

the highest ability to reduce the nitrate to nitrite. The bacteria had undergone several

subcultures during the purification process in order to obtain pure culture and the best

cultures. After all the bacterial isolates had been successfully grown, the screening

process specifically the protein assay was conducted to find the most potent isolates.
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4.2  Screening for Most Potent Microbial Isolates

About 36 and 19 unknown bacterial isolates obtained previously were incubated at
37 °C and 50 °C respectively. All of these isolates had undergone the primary screening
processed to choose the most potent bacteria before the next step. In this regard, protein
acts as an indicator of all biological activity. Hence, in any biological estimation or bio-
process, the protein assay was done instead of biomass studied because to determine the
quantification of protein produced by the bacterial isolate in certain environment. In this
studied, the total protein content in a bacterial culture was determined to estimate the
potency growth of the microbes when the disposed x-ray sheet was used as substrate
because there was no previous studied yet regarding the uses of this substrate . The most
potent bacteria were chosen depended on the highest protein quantification and it is

important to know first when the enzyme assay was expected.

To measure the protein quantification, the Lowry assay proposed by Oliver H.
Lowry in 1951 was chosen in this study instead of UV absorption (280nm),
Bicinchoninic acid, and Bradford assay. Even though each assay has its own advantages
and disadvantages, the Lowry assay is highly sensitive and more precise compared to
other methods. On the other hand, the Lowry assay might be incompatible with

reducing agents and detergents and the assay requires a long procedure.

The Lowry protein assay was done to determine the total level of protein content
in the bacterial supernatant in order to screen the most potent isolates. This is exhibited
through the color changes shown in Figure 4.1 (see Appendix F). The color of the
solution changed from colorless to blue indicated the presence of protein in the samples.
This color changed was due to the reduction of Folin-Ciocalteu reagent by the copper-

peptide bond complex.

As the color goes darker, the total protein concentration will be higher. Here, the
value recorded using the colorimetric technique was compared in all bacterial isolates
samples. In this step, the isolates with the highest protein contents were chosen for the
next process. The data recorded in Table 4.3 show the values of protein content (mg/ml)

and the standard deviation (SD) obtained from the triplicates measurement of
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absorbance reading at 700 nm by using a microplate reader (Infinite M200 Pro Tecan).
The bacterial isolates samples include control were incubated at 37 °C.

Table 4.3 Primary screening of microbial isolates for quantification of the protein
obtained from disposed x-ray sheets as substrate at 37 °C

Protein Content (mg/ml)

NO. Isolate Code Mean + SD

1 Control 0.000

2 A6 0.548 + 0.012
3 RSS6 0.391 + 0.045
4 RSS4 0.480 + 0.026
5 CL3 0.618 = 0.005
6 A5 0.456 + 0.030
7 GL6 0.602 + 0.013
8 JF INNER (NA) 0.551 + 0.006
9 RSS 2B 0.529 + 0.002
10 CL2 (BRANCH) 0.564 + 0.018
11 CcL4C 0.670 £ 0.014
12 Al 0.491 + 0.020
13 CL2C 0.456 + 0.026
14 JF OUTER 2 0.542 + 0.003
15 CL 4B 0.464 + 0.016
16 RSS7 0.575 + 0.009
17 CL 13B 0.575 +0.010
18 CL 16 0.491 + 0.005
19 CL7 0.580 + 0.002
20 RSS5 0.437 +0.002
21 CL 13A 0.578 +£0.013
22 CL 14 0.591 +0.002
23 A9 0.377 £ 0.007
24 KK2S 4 0.624 +0.003
25 GL7 0.692 +0.001
26 RSS 3 0.567 +=0.001
27 CL 11 0.475 + 0.008
28 GL4 0.496 +0.019
29 PS1 0.692 +0.013
30 GL 5C 0.654 + 0.002
31 JF OUTER 2A (PDA) 1.055 + 0.009
32 KK2S 5 0.540 + 0.006
33 CL9 0.491 +0.001
34 GL1 0.529 + 0.008
35 CL 8A 0.553 +0.001
36 CL5 0.683 +0.012
37 JF OUTER 2B (PDA) 0.778 + 0.004

47



Meanwhile, the data recorded in Table 4.4 show the protein content (mg/ml) of
protein assay obtained from the measurement of absorbance reading at 700 nm by using
microplate reader (Infinite M200 Pro Team). The microbial isolates samples included

control was incubated at 50 °C.

Table 4.4 Primary screening of microbial isolates for quantification of the protein
obtained from disposed x-ray sheets as substrate at 50 °C

p
©

Isolate Code

Protein Content (mg/ml)

Mean = SD

1 Control 0.000

2 KK2S 5 0.621 £ 0.026
3 RSS 2B 0.594 + 0.004
4 CL 13B 0.632 £ 0.008
5 A9 0.635 £+ 0.008
6 JF OUTER 1 (NA) 0.464 + 0.001
7 A6 0.483 £ 0.045
8 CL 4C 0.458 + 0.006
9 GL1 0.627 £ 0.003
10 CL 4B 0.534 £ 0.004
11 GL 4 0.689 + 0.011
12 KK2S 4 0.575 £ 0.006
13 RSS6 0.542 + 0.040
14 RSS7 0.697 +0.001
15 Al 0.548 +0.011
16 CL7 0.727 £ 0.094
17 A5 0.632 +0.040
18 RSS 5 0.559 + 0.028
19 CL 16 0.515 + 0.004
20 CL 13A 0.477 +£0.009

The most potent isolates were chosen according to their highest value of protein
quantification. This is done by compared total protein content obtained from the
bacterial isolates incubated at different incubation temperatures of 37 and 50°C. By
chosen the highest protein quantification, the enzyme activity can be measured more
accurately. In this light, the protein content needs to be measured accurately since to get
the accurate data for the enzyme activity if the protein purification was studied (Olson
and Markwell, 2007).
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At first, the isolates code CL4C, GL7, JF Outer 2A (PDA) and JF Outer 2B
(PDA) for 37 °C and 2 bacterial isolates at 50 °C (KK2S5 and RSS7) were reserved for
secondary screening to select the best and most potent bacteria to proceed the studied.
However, due to the no growth of some isolates which are JF Outer 2A (PDA), JF Outer
2B (PDA) at 37 °C and all bacterial isolates at 50 °C after several subculture was
repeated, only the best two most potent isolates were decided to further the next studied.
They were showed no growth due to physical and nutritional factors that affected the
microbial growth. The physical factors that influence microbial growth are pH,
temperature, oxygen concentration, hydrostatic pressure, osmotic pressure, moisture and
radiation. Whereas, the nutritional factors are carbon, nitrogen, sulfur, trace elements,
phosphorus and vitamins (Karki, 2017). In this study, the moisture factor might cause
the bacteria to show no growth. It is probable that the bacteria did not have accessed to
constant moisture as they were stored too long in a chiller before the subculture
processed and the environment becomes unsuitable for them, hindering their growth.

Table 4.5 Secondary screening of the most potent isolates for quantification of the
protein content obtained from disposed x-ray sheets at 37 °C.

NO. Isolate Code Protein Content (mg/ml)

Mean + SD
1 Control 0.000
2 cL4c 0.651 +0.002
3 GL7 0.673 £ 0.009

In the meantime, according to the Table 4.5, the protein quantification for
selected samples was successfully determined during the secondary screening. The
CL4C and GL7 showed the highest protein content compared to other samples. This
obtained result was used in further steps which are parameters controlling, SNPs and

NR enzyme productivity.

A protein standard curve was commonly plotted after the protein content in all
the selected samples was determined in the secondary screening. The data recorded in
Table 4.6 (see Appendix F) showed the results of protein content for BSA. The final

concentration of the stock solution was 10 mg BSA/ml.
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The Lowry protocol was followed because it has been used widely to determine
the amount of particular activity present in biological samples in a quantitative fashion.
First, the protein is pre-treated with copper ion in alkali solution and then the aromatic
amino acids in the treated sample reduced the phosphomolybdic-phosphotungstic acid
present in the Folin Reagent. The color of the end product of this reaction changed from

blue to transparent.

After measuring the absorbance of the standards at 700 nm by a using
microplate reader (Infinite M200 Pro Tecan), the calibration curve as shown in Figure
4.2 in Appendix G, was plotted. The purpose of the protein standard curve is to compare
and measure the unknown concentration of protein content in the samples with the
known concentration. Both protein assay and protein standards used the same method
by combining the unknown or known samples with assay reagent and used the
colorimetric techniques to measure the absorbance.

After the graph was plotted, the linear regression or straight line was obtained by
assuming the overall relationship between concentration and absorbance. The equation
for this line is:

y=mx+c (3.3)
Absorbance = 0.3687x + (y intercept)
X (mg/ml) = Absorbance
0.3687

The protein content (mg/ml) for all the most potent isolate samples in primary
and secondary screening (refer Table 4.3, Table 4.4 and Table 4.5) were calculated
based on this equation. The absorbance in the equation was the absorbance reading got
from the measurement of selected samples at 700 nm by using UV-Vis
spectrophotometer. The protein standard curve was plotted after the primary and

secondary screening to make sure the standard curve is in the expected range.
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4.3 Nitrate Reductase Biochemical Test

Next, the nitrate reductase biochemical test was performed to confirm whether
the selected most potent isolate was able to reduce the nitrate to nitrite during this
studied or not. This test was commonly done before the enzyme assay was carried out.
Figure 4.3 showed the results of this test for two isolates (CL4C and GL7), as well as
the control. After incubating the inoculated nitrate broth with a heavy growth of
isolates, the samples showed a positive result where their color changed from yellow to
dark red compared to the control. This indicates more nitrates had been reduced to

nitrite.

Figure 4.3 The color changes for nitrate reductase test. (a) The result for control
which the color remain unchanged. (b) The result for CLAC isolates which the color
turns to dark red. (c) The result for GL7 isolates which the color turns to dark red.

This experiment was conducted to prove that the unkown bacterial isolates could
successfully reduce the nitrate to nitrites. This is shown by the red color which indicates
the presence of nitrite in the tube. The color was formed because the formation of
nitrous acid resulted from the reaction between sulfanilic acid and naphthylamine. In
this light, if the organism is able to reduce nitrate to nitrite, the nitrous acid was formed
in the medium. Consequently, the nitrous acid will react with sulfanilic acid and
diazotized sulfanilic acid was produced. At the end, it will react with naphthylamine and

a red colored compound was formed.
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NOs + 2H* + 26" Nitrate reductase > \O, + H,0

Sulfanilic acid + a-naphthylamine + Nitrite ions — Sulfobenze azo — a-naphthylamine

(colourless) (red coloured)

Nitrate reduction commonly occurs in anaerobic respiration where organisms
uses nitrate as an electron acceptor. However, there are also many other ways that a
microbe can utilize the nitrate as their final acceptor. The product of reduction could be
observed through the present of nitrogen gas (N,) before any reagents were added. The
gas is trapped in the Durhm tube and appears as a bubble at the top of tube if the
nitrogen gas present. In this studied, there was no gas bubble observed in Durhm tube,
so, it can be concluded that there was no nitrogen gas detected but it was still possible to
identify that nitrate was reduced to nitrite. According to the Nitrate Test Handbook, to
support this evidence, a red color will be produced when nitrite is present in the medium
and if the nitrate was converted to ammonia, the color remains unchanged compared to
the control (Reynolds, 2011). However, if the organism was unable to reduce the nitrate
or able to denitrify the nitrate or nitrite to produce ammonia or molecular nitrogen, the
medium will not turn to red after reagents were added. In this case, the small amount of
powdered zinc need to be added and if the mixture in the tube turns red, it could be
confirmed that the unreduced nitrate was present, confirming the negative result
(Acharya, 2015).

4.4  Parameters Controlling NR Productivity

After the most potent isolates and biochemical test for nitrate reduction were
chosen and done, they were proceeded to undergo parameters controlling to study their
optimum condition in order to produce nitrate reductase enzyme. Most of the
microorganism especially bacterial species induced responses to environmental stress
(Keerthirathne, Ross, Fallowfield, & Whiley, 2016). For example, for microbial in soil,
the temperature and water content influence their activity and growth (Demoling,
Daniela, & Baath, 2015). There are physical and nutritional requirements in order to
study the optimum environment for the bacteria. Instead of temperature, the other

physical requirements are oxygen, pH, and osmosis factor. For nutritional requirements,
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other than water, the energy source, carbon source, nitrogen source, minerals and

growth factor also can be studied as reported by Kaiser (2017).

In this study, five parameters were chosen which were incubation condition,
substrate concentration, incubation period, pH values and nitrogen source. The isolates
were stable in these conditions as they were promoted their growth. The amount of net
increases (IU/ml) in all samples was calculated by subtraction the amount of sample
enzyme activity (positive control) with their negative control produced after 60 min
incubation in darkness (Saifuddin et al., 2009). The nitrite standard curve was plotted
(refer Appendix I) to measure the NR activity. In the enzyme assay, when the color
reagents which are sulfanilamide solution and N-(1-naphthy) ethelenediamine
dihydrochloride solution (NEED) was added into the samples, the color was changed
from colorless to pink (Adikaram, Perera, & Wijesundera, 2012) as shown in Figure 4.4
(see Appendix F) after stand for 20 min at room temperature. The darker the color, the
more NR enzymes was contained in samples. Then, all the samples were loaded in
microplate wells as shown in Figure 4.5 (see Appendix H) before absorbance was

measured by using microplate reader (Infinite M200 Pro Tecan).

4.4.1 Effect of Different Incubation Condition

According to data represented in Figure 4.6, the result revealed that CL4C
isolate in static incubation reached the optimum condition with the NR enzyme activity
of 0.617+0.001 IU/ml compared to shaker incubation which produced only 0.3630.000
IU/ml. Similar for GL7 isolate, in static incubation conditions, the NR enzyme activity
was up to 0.943+0.000 1U/ml compared to the shaker which was 0.544+0.001 IU/ml
under the same initial pH, substrate concentration and incubation periods. In fact, while
incubated in shaking condition, although it provided the aeration and evenly distributed
nutrient to culture environment, the microorganism may consume oxygen during the
growth but when the maximum population was reached, the oxygen and nutrient was
limited thus cause the nitrate reductase was induced compared to incubate in static

condition.

The previous studied by Talon, Walter, Chartier, Barriere, & Montel (1999)
revealed that by using an incubator shaker, the growth rate of microorganisms was only
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higher in strains Staphylococcus xylosus 873, 16 and Staphylococcus saprophyticus 852.
They found that the synthesis of NR was maximum during exponential growth phase in
static condition but in incubator shaker, the synthesis was maximal at the beginning of
the stationary phase. On the other hand, the presence of nitrate in shaking condition did
not influence the growth rate of the strains. This is supported by Rogosa (2017) who
studied the nitrate reduction by certain strains of the genus Lactobacillus and found that
in static culture, agar and anaerobiosis were not essential for nitrate reduction.
Unfortunately, there was limitation in this studied since the effect of growth rate in most

potent bacterial isolate was not done in this project.

0.8 7 O Shaker
E o077
-

0 1 : .
CL4C i

()

Bacterial Isolate

Figure 4.6 Values for NR activity in different incubation condition for CL4C and
GL7 isolate

4.4.2 Effect of Different Substrate Concentration and Incubation period

In terms of substrate concentration and incubation period, the experiment was
carried out at once. According to the Figure 4.7, the result for the CL4C isolates
revealed that it was optimized at 0.5g substrate concentration with protein content up to
0.765+0.010 mg/ml and the NR activity was up to 1.197+0.020 1U/ml. Meanwhile, for
the GL7 (refer Figure 4.8), 0.8g substrates reached the optimum NR activity. The
protein content was 1.047+0.021 mg/ml and the NR activity was 0.653+£0.003 1U/ml.
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The substrate concentration is one of the main factor that influences the intensity
of velocity in catalyzed the biochemical reaction of the enzyme. This is because they
will be bounded to the active sites in the enzyme-protein. Normally, when the substrate
concentration was increase, the rate of enzyme reaction may also increase until the
enzyme becomes saturated when the substrate concentration was too high. By referred
to the CL4AC isolate graph, the NR activity was optimum during 0.5g substrate
concentration instead of 0.2g, 0.8g, 1.0g and 1.5¢.

The rate of reaction of NR activity graph supposed to show the gradually
decreasing trends after the optimum substrate concentration was achieved. But during
0.8g substrate was added, the NR activity was lower than 1.0g although it was repeated

and this become the limitation in this studied.

By referring to the graph for GL7 (refer Figure 4.8), the NR activity was
increased until the optimum substrate concentration was achieved and it was decreased
rapidly after 1.0g and 1.5g substrate was added. This can be concluded that, when the
small amount of substrate is present in the mixture, the active sites (a place inside the
enzyme where substrate go and binds for conversion into product) are left free and the
enzyme works less than its maximum ability (Bobade & Khyade, 2012). However, after
the optimum concentration was achieved any increase will no longer show the effect on
the rate of the reaction since the substrate concentration no longer becomes the limiting

factor.
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Figure 4.7 Values for NR activity and protein content in different substrate
concentration for CLAC
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Figure 4.8 Values for NR activity and protein content in different substrate
concentration for GL7

Next, the incubation periods of 10 days, 15 days and 20 days were chosen to
study the optimum incubation period. The long period interval was chosen to incubate

the culture because the substrate used which is disposed x-ray sheets were quite tough
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compared to other substrate that frequently used by others such as silver nitrate
(AgNOg) (Ibrahim, 2015). The silver nanoparticles were synthesized for the first time
by using disposed x-ray sheets because there are no previous studies yet reported the use

of this substrates in order to produce silver nanoparticles and nitrate reductase enzyme.

However, Masebinu & Muzenda, (2014) studied how silver could be recovered
from disposed x-ray sheets and found that silver can be recovered from the disposed x-
ray sheets either through the hydrometallurgical or the pyro-metallurgical processes.
The sheets were shredded and treated in acidic or caustic solution such as sodium
hydroxide or hydrogen peroxide (Bas, Yazici, & Deveci, 2012) to release the silver
from the sheets. According to Bankar, Joshi, Kumar, & Zinjarde (2010), when the
reaction mixture was incubated for 15 days, the micro-aggregates of silver nanosized

crystallites was observed using a scanning electron microscope (SEM).

According to the Figure 4.9, the result for the CL4C isolates revealed that, the
NR activity was optimized at 15 days incubation period with protein content up to
0.765+0.010 mg/ml and the NR activity was up to 1.197+0.020 1U/ml. Meanwhile, for
the GL7 (refer Figure 4.10) also NR activity was optimum at 15 days incubation
periods. The protein content was 1.047+0.021 mg/ml and the NR activity was
0.653+0.003 1U/ml. But during 20 days incubation period, both isolates showed no NR
activity because the culture was incubated too long.

The long interval period for incubation was normal in this studied by using
tough substrate because at the end of the incubation period, the silver nanoparticles were
successfully formed and the enzyme activity was successfully detected during optimum
periods. In previous studied by Keskin, Kilic, Donmez, & Tekiney (2016), they were
done the synthesis of silver nanoparticles by incubated the cyanobacteria strains for 15
days and the synthesis of nanoparticle was occurred outside the cell. However, Sithara,
Selvakumar, Arun, Anandan, & Sivashanmugam (2017) studied suggested that the test
of silver nanoparticle stability should be done because in their studied, the interval
incubation time 0-30 days was conducted.
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Figure 4.9 Values for NR activity and protein content in different incubation periods
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Figure 4.10  Values for NR activity and protein content in different incubation periods
for GL7
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4.4.3 Effect of Different Initial pH

Figure 4.11 show that the initial pH values for the CL4C sample reached its
optimum at pH 7 with the protein content up to 0.730+0.014 mg/ml and NR activity up
to 0.254+0.000 1U/ml. Figure 4.12 show that the isolates in GL produced a high NR
activity at pH 8 which is 0.399+0.008 IU/ml with the protein content 0.990+0.008

mg/ml.

During this studied, the pH of modified minimal media (MM9) was adjusted by
using 0.1N hydrochloric acid (HCI) and 1N sodium hydroxide (NaOH) instead of
adjusted by using buffer. Generally, it is depends on the cell used and possible to adjust
the pH without buffer as long as the HCI and NaOH in small concentration. Other that,
the precaution was took during this preparation because if the NaOH was over added,
the HCI should not be added to fix it (vice versa) because it will create salt in the media
and may influence the bacteria growth. Many authors such as by UT Health San
Antonio (2016) suggested using this protocol when prepared the modified minimal

media.

According to the both data obtained, the change in the pH affected the enzymes
activity and both isolates produced enzymes at different optimum pH as they were
isolated from different sources. For CL4C isolate, it was isolated from the spoiled food
which the microorganism grow best at pH 7 at normal temperature and GL7 was
isolated from the water source which the normal range of pH is 6.5 to 8.5 (Water
Research Center, 2014). In this regard, the optimum pH of the enzyme depends on
where it normally works; the enzyme might be denatured by extreme pH as they are
soluble proteins. The changes in pH may also affect the shape of the enzymes and
substrate and these changes may decrease the substrates’ ability to bind to their active

site (Wong, 2016).

For CLAC isolate, the NR activity was low during pH 4 because of environment
in culture media was acidic but showed very low activity in pH 5. This was the
limitation in this studied. Next, it was gradually increased during pH 6 until reached the
optimum at pH 7. After that, the NR activity was continued to slower again during pH 8

and 9. Also for the GL7 isolate, there was limitation when conducted the studied during
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pH 7 because the result showed no different NR activity when compared to the control.
Khan (2008) reported that the nitrate reductase activity was optimal at pH 7.0 and the
activity maintained optimal and detectable from pH 5.0 to pH 9.0. This finding showed
the enzyme has the ability to adapt to a broad range of pH and has a different role in the

environment at different physiological pHs.

By comparing with previous research by Rogosa (2017), when the medium was
treated with agar and yeast extract at the initial pH of 6.4, which is a suitable pH value
for bacterial growth. Consequently, all the Lactobacillus plantarum strains failed to
reduce the nitrates in aerobically nor anaerobically and the pH value was decreased to
pH 3.4. According to Kamiloglu, Kaban, & Kaya (2016), a quick drop in pH will
prevent the reduction of nitrate by microbial and the pH should not be decreased below
5.4 until enough amount of nitrate reductase achieved. However, the cultures were able
to reduce the nitrates in the pH of 7.4. The Micrococcus aureus type 80 was able to
reduce the nitrate at pH 7 and based on the accumulation of nitrogen gas, some

organisms have consistently reduced their nitrate completely at pH 7.5 or above.

Many authors posited that the range of pH 7 to pH 8 as an optimal environment
for nitrate reductase activity and suggested the incubation temperature between 20 °C
and 25°C (Krywult & Bielec, 2013). In the denitrification process, the nitrate acts as an
intermediate and they depending on the pH and temperature of the medium. By
optimizing the pH, it can affect bacterial growth and their enzymatic activities
(Estuardo, Marti, Huilinir, Lillo, & VVon Bennewitz, 2008).
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Figure 4.11  Values for NR activity and protein content in different initial pH for
cL4C

—e— NR CONCENTRATION
— o= PROTEIN CONTENT
0.450 2
0.400 1.8 ?
= 0.350 1.6 &y
= 0.300 14 E
~—
2:0.250 1.2 5
o "
-Z 0.200 1 g
< O
< 0.150 0.8 =
e =
Z 0.100 0.6 &
=
0.050 0.4 A=
0.000 0.2
0.050 1.0 5.0 6.0 7.0 8.0 9.0 o
pH-value

Figure 4.12  Values for NR activity and protein content in different initial pH for GL7

4.4.4 Effect of Different Nitrogen Source and Different Concentration

At the beginning, the effect of different nitrogen sources were studied which are
yeast extract, malt extract, ammonium chloride, potassium nitrate and sodium nitrate.
Based on Figure 4.13 and Figure 4.14, the result revealed that by using sodium nitrate
treated in the production medium MM9, the nitrate was reduced and shown the highest

enzyme activity compared to other nitrogen sources. For CLAC isolate, the NR activity
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obtained was 98.361+0.223 IU/ml with the protein content 0.884+0.009 mg/ml.
Whereas for GL7 isolate, the NR activity was 122.960+0.122 1U/ml with the protein
content 1.047+£0.007 mg/ml. Esen & Urek (2014) stated that the nitrate is an important
element and incorporated in the most vital structural component like proteins. But the
nitrate concentration may affect the enzymatic activities and nitrogen assimilation
pathway (Perez-Garcia et al., 2011).

In both isolate, when the yeast and malt extract was added to the culture
medium, the result showed no and very low NR activity for CLAC and GL7 isolate
respectively. This can be concluded that, the yeast and malt extract become an inhibitor
for NR enzyme. A previous research proved that when medium supplemented with
yeast extract, the nitrate reduction could become weak or absent which is supported by
the negative responses to total growth (Rogosa, 2017). Although the NR enzyme was
being partially purified, the yeast also become inhibitor for NR activity (Provan,
Aksland, Meyer, & Lillo, 2000).

Meanwhile, when ammonium chloride was added, the low NR activity was also
detected. But with the presence of potassium nitrate, the higher NR activity was
obtained compared to ammonium chloride, malt extract and yeast extract. Balotf, Niazi,
Kavoosi, & Ramezani (2012) found that, both sodium and potassium nitrate increased
the nitrite accumulation in dose dependent manner. Previous studied stated that when
the medium was treated with ammonium chloride or potassium nitrate in cotton leaf
discs, there was a 20 to 30 % decrease in nitrate reduction as early as 30 min after the
incubation started. This is supported by Talon et al. (1999) who stipulated that when
nitrate was present in a culture medium, the growth rate for staphylococci was improved

during the incubating period.
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Figure 4.14  Values for NR activity and protein content in different N-source for GL7

After the optimum nitrogen source had been determined, the analysis on the
effect of different nitrogen source concentration was carried out since the NR enzyme
activity was depended also on the different concentration added. Figure 4.15 and Figure
4.16 show that both isolates reached their optimum activity at the concentration of 0.03g
sodium nitrate (NaNOg3) compared to 0.00g, 0.01g, 0.02g, 0.04g and 0.05g.
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For CL4C, the protein content was 0.922+0.010 mg/ml and the enzyme activity
was 133.119+0.054 IU/ml. Meanwhile, for GL7, the result revealed that the protein
content was 1.082+0.058 mg/ml and enzyme activity was 119.622+0.050 1U/ml. This
shows that nitrogen source is required in bacterial growth as they used to form amino
acids, DNA and RNA. The nitrate is a salt that can dissociate to give NOj3 to the
bacteria. At the beginning, the main purposed of this studied was to investigate whether
in minimum usage of sodium nitrate, the most potent isolate was able to produce
optimum enzyme activity or not. So, it can be concluded that, the NR activity was
optimum depended on the ability of bacterial isolate itself whether they can optimize in

low or high concentration of nitrogen source.

By comparing the studied by Esen & Urek (2014), the highest NR activity was
obtained in the presence of 100 mM sodium nitrate. They conclude that the higher
enzyme activity, the higher the nutritional value in culture. The nitrate supply promote
the nitrate uptake, nitrate reduction, NR activity and nitrate expression at low
concentration of sodium nitrate (Balotf et al., 2012). The sodium and potassium nitrate
caused the significant increase in nitrate at low concentration, whereas, in high
concentrations, the salts suppressed the expression of gene considerably. This is shown
through the ability of sodium and potassium nitrates to restore the nitrate reductase

activity in wheat leaves (Shahrokh et al., 2014).
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445 Finalized Data on the Optimum Parameters for CL4C and GL7 Isolates

After the optimum conditions for both isolates was revealed, the disposed x-ray
sheets were pre-treated again with 4N NaOH and the complete production medium
containing bacterial culture were prepared again with all the optimum parameters

obtained in one flask for each isolate. After that, the supernatant obtained from last
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batch had undergone a protein and nitrate reductase enzyme assay to obtain the final
data.

Table 4.7 shows the finalized data for protein assay and NR activity for CL4C
and GL7 isolates. Based on the average obtained, the optimum parameters for CLAC
and GL7 was summarized as shown in Table 4.8. Both CLAC and GL7 were optimum
in static incubation condition, 15 days incubation period and sodium nitrate as nitrogen
source. But for substrate concentrations, the NR activity for CLAC isolate optimum at
0.5g and GL7 isolate optimum at 0.8g. For pH values, CLAC isolate optimum at pH 7
and GL7 isolate optimum at pH 8.

Table 4.7 Finalized data for quantification of protein and NR activity for CL4AC and
GL7 isolates

Isolate Code NR Activity (1U/ml) Protein Content (mg/ml)
cL4c 69.952 + 0.090 1.139 + 0.029
GL7 108.882 + 0.354 1.454 £+ 0.024

Table 4.8 Summary of optimum parameters for CL4C and GL7 isolates

No Parameters el

CL4cC GL7
1 Incubation condition Static Static
5 Incubation period 15 15

(day)
Substrate

3 Concentration (g) 482 08
4 Nitrogen Source NaNO; NaNO;
5 pH values 7.0 8.0
Enzyme Activity (IU/ml) 69.952 + 0.090 108.882 + 0.354
Protein Content (mg/ml) 1.139 + 0.029 1.454 + 0.024

From the results achieved, it can be concluded that the enzyme activity in GL7
isolate produced more NR activity and protein content compared to CL4C isolate. The
evidence of enzyme activity occured proved that the selected most potent microbial
isolates were able to reduce the nitrate to nitrite. In the context of nitrogen source, an
enzyme activity was the highest in the presence of nitrate. This signifies that the

nitrification process was not taking place in the reducing processed as the nitrification is

66



the process where biological oxidation converts the ammonia or ammonium to nitrite

followed by oxidation of nitrate to nitrite.

However, it can be assumed that the denitrification process was occurred due to
the reduction of the nitrates to nitrogen gas. This was proved by conducted the nitrate
reductase biochemical test by observed the color changed. After all of the data were
collected, the samples underwent TEM, XRD, ICP-MS and Biolog Microbial

Identification System analysis.

4.5  Analysis of Silver Nanoparticles

To confirm whether the silver nanoparticles formed was deposited in the
bacterial cell or not, the pellets obtained was sent for TEM analysis. According to
Narasimha, Praveen, Mallikarjuna, & Raju (2011), TEM technique was used to

visualize the size and morphology of nanoparticles.

For this analysis, the samples were sent to UiTM, Puncak Alam for analysis by
using TECNAI G? model transmission electron microscopy (TEM). According to the
result obtained, unfortunately, the analysis failed to capture the silver nanoparticles
image deposited in the both bacteria isolates. This probably can conclude that, the
synthesis of silver nanoparticles was occurred outside a cell (extracellular) not in a cell

(intracellular).

To confirm the synthesis of silver nanoparticles was occurred extracellular, the
x-ray diffraction analysis (XRD) was done. The supernatant was freeze-dried to obtain
the powder form. Once the freeze-drying process finished, the powder obtained was sent
for XRD (Rigaku, Miniflex Il) analysis at FIST Laboratory, Universiti Malaysia
Pahang, Gambang. The metallic nature of the particles was analyzed through the XRD
technique. Two samples were analyzed and Figure 4.17 shows the XRD pattern
obtained for silver nanoparticles synthesized of CL4C isolate grown on disposed x-ray

sheets at 37 °C in darkness.

According to the result, only 7 silver nitrite peaks were obtained with an average
grain size about 19.53 nm. The diffraction peaks were at 22.32°, 29.45°, 33.85°, 45.32°,
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52.17°, 57.94° and 71.2° (see the data in Appendix J). While, Figure 4.18 shows the
XRD pattern obtained for silver nanoparticles synthesized of GL7 isolate grown on x-
ray sheets at 37 °C for the same incubation period. According to the results, GL7 isolate
exhibited only two silver nitrite peaks obtained with the average size of 52.35 nm. The
diffraction peaks were observed at 31.18° and 32.93° (see the data in Appendix K).

From all the result obtained, CL4C samples obtained the smallest size of SNPs,
compared to GL7 and the XRD pattern shows the peak in the whole spectrum of 2-theta
values ranging from 10 to 120. The 2-theta values represent the face centered cubic
lattice of silver. So this can be concluded that, the synthesis of silver nanoparticles was
occurred outside a cell since the silver particles was detected in the supernatant, not in

the bacterial cell.

It is important to know the exact nature of the silver particles formed and this
can be deduced from the XRD spectrum of the sample. The pure crystalline silver
structures were also shown clearly in the XRD pattern spectra (Narasimha et al., 2011).
In general, the widening peaks in XRD patterns of solids are associated with particle
size effect. The smaller nanoparticle size is signified by broader peaks and reflected the
effects due to the growth of crystal nuclei and experimental conditions (Panigrahi,
2013).
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Figure 4.17  The silver nitrite peaks obtained at 22.32°, 29.45°, 33.85°, 45.32°,
52.17°,57.94° and 71.2° for CL4C
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Figure 4.18  The silver nitrite peaks obtained at 31.18° and 32.93° for GL7

Based on the observation on color change of the production medium’s MM9
after incubation period, the color of the CL4AC samples turned to yellow while the
control, which did not contain any microbial isolates was colorless, as shown in Figure
4.19. Meanwhile, the GL7 color changed from colorless to a paler shade of yellow
compared to CL4C. In this light, the color changes affect the size of nanoparticles
obtained. The formation of SNPs is able to produce the particular color in the reaction
mixtures due to their specific properties (Kumar & Jayabalakrishnan, 2011). The
appearance of yellowish-brown coloration in the silver nitrate treated -culture
supernatant suggests the formation of SNPs. A similar observation was made by Duran,
Marcato, Alves, Souza, & Esposito (2005) in the extracellular biosynthesis of SNPs by
using Fusarium oxysporum strain. The brown color of the medium could be due to
excitation of surface Plasmon vibration exhibited by the nanoparticles (Narasimha et al.,
2011).
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Control

Figure 4.19  The different color of CL4C and GL7 samples compared to the control
after incubation period (after centrifugation)

Then, to examine the concentration of selected elements in both samples as low
as one part in 10% (part per quadrillion, ppq), the same supernatant was sent to single
particle ICP-MS analysis at Central Laboratory, Universiti Malaysia Pahang, Gambang.
This analysis comprises of a mass spectrometry to detect metals and several non-metals
on non-interfered low-background isotopes. The samples were ionized with inductively
coupled plasma and achieved ions to be separated and quantified by a mass
spectrometer. The single particle ICP-MS was carried out in order to determine the
particle number concentration and the mass of metal in individual particles and size
distribution. However, this analysis did not provide information on the shape of the

particle.

The 500ml of supernatant from both samples were sent for analysis. Table 4.9
and Table 4.10 show the results for selected elements, which are Potassium (K¥),
Calcium (Ca*"), Copper (Cu?*) and Silver (Ag"). For both isolates, the concentration of
silver elements was less than 0.5 ppb compared to other elements. The results shown in
Table 4.9 and Table 4.10 revealed that the volume of the silver particles was too small
(0.5 ppb for both microbial isolates). Both isolates contain the highest concentration of
potassium because this element was used in the preparation of the MM9 production
medium.
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Table 4.9 ICP-MS result for CL4C isolate

No Parameter Concentration Unit
1 K* 916.3 ppm
2 ca® 6.9 ppm
3 Cu?® 115.2 ppb
4 Ag* Less than 0.5 ppb

Table 4.10 ICP-MS result for GL7 isolate

No Parameter Concentration Unit
1 K* 605.4 ppm
2 ca” 152.2 ppm
3 Cu* 89.8 ppb
4 Ag” Less than 0.5 ppb

4.6  ldentification of Microorganism

The CL4C and GL7 bacterial cells were analyzed by using the Biolog Microbial
Identification System in the Central Laboratory, University Malaysia Pahang. Both

isolates were found to be Gram-negative bacteria as shown in Table 4.11.

Table 4.11 Biolog Microbial Identification System results for CL4C and GL7 isolates

Result
No Isolate Code Name Probability Test Method
1 GL7 Enterobacter aerogenes 50.30% Gen 11l Microplate
IFB (Protocol B)
2 cL4C Morganella morganii 70.00% Biolog Microbial

Identification System

The data were confirmed by conducting a Gram staining and observed by bright
field microscope (100 x magnifications). It showed that the bacterial isolates were
identified to be Gram-negative for both isolates because the blue stain turned to pink
after several Gram staining processes. Figure 4.20 shows the Gram staining for CL4C
isolate predicted as Morganella morganii and Figure 4.21 shows the result for GL7

isolate predicted as Enterobacter aerogenes.
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Figure 4.20 CLA4C isolate predicted to be Morgan
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Figure 421  GL7 isolate predicted to be Enterobacter aerogenes

Numerous studies on nitrate reductase have been carried out on various plants,
and found that other microorganisms are also able to reduce the nitrates to nitrites.
According to Pugazhenthiran et al. (2009), Gram-positive bacteria such as Bacillus sp,

Gram-negative bacteria can also reduce the nitrates to nitrites. Furthermore, the
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Rhizobium sp. and Azotobacter sp. isolates were found to reduce nitrate aerobically in
their optimum conditions (Shahrokh et al., 2014), and the Escherichia coli was also
studied by the researcher to determine its function as a nitrate reductase, while
Enterobacter aerogenes showed positive result in the biochemical test for nitrate

reduction as reported in this study.

Enterobacter aerogenes is a rod-shaped bacterium which is found to be oxidase
negative, catalase positive, citrate positive and indole negative. But during this studied,
it can be concluded that, this bacteria has high potential to be nitrate positive also. This
bacteria can cause opportunistic infections and is sensitive to antibiotics. It is generally
found in the human gastrointestinal tract and found to live in various wastes but does

not cause any disease in healthy individuals.

On the other hand, studies have proven the microbial power of Morganella
morganii to reduce the nitrate. Morganella morganii is a straight rod bacterium which
can produce enzyme catalase. The bacterium is able to convert hydrogen peroxide
(H,O,) to water and oxygen (H,O + O,). During the biochemical test, this bacterium
showed positive results in the indole test and the methyl red test. It can be found in the
normal flora in the intestinal tract of humans, mammals and reptiles. On the other hand,
it is resistant to some antibiotics such as penicillin, ampicillin, oxacillin, first-generation
and second-generation cephalosporins, macrolides, lincosamides, fosfomycin, colistin,
and polymyxin B (Chen & Wang, 2015).

A previous research by Parikh et al. (2011) found that all the members of the
Morganella genus, including the Morganella morganii strain facilitate the extracellular
synthesis of silver nanoparticles. This is confirmed by the clear presence of silver (Ag)
suface plasmon resonance characteristic (between 400 and 500 nm) in all the samples.
The Morganella morganii was able to synthesize the extracellular silver nanoparticles in
the urine samples of patients with Catheter Associated Urinary Tract Infections
(CAUTI). This bacterial strain was able to synthesize silver nanoparticles as early as 1 h
reaction time and the yield of SNPs increased as the reaction progressed over time (Abd
etal., 2013).
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According to Karthik & Radha (2012), Enterobacter aerogenes can be used in
the extracellular synthesis of silver nanoparticles by using TEM, UV-visible
spectroscopy, Energy Dispersive X-ray Spectroscopy (EDX) and Scanning Electron
Microscopy (SEM). During the surface plasmon resonance analysis, the absorption
spectra showed the progressive 410 - 420 nm wavelengths that corresponded to the
silver. The size of SNPs ranged between 25 — 35 nm and they were spherical shaped.

In addition to Morganella morganii and Enterobacter aerogenes, there are many
Gram-negative bacteria which are able to synthesis of silver nanoparticles including
Aeromonas sp., Acinetobacter calcoaceticus, Geobacter sulfurreducens, Idiomarina sp.,
Bordetella sp., Gluconobacter roseus, Proteus mirabilis, Klebsiella pneumonia,
Rhodobacter sphaeroides, Rhodopseudomonas palustris, Shewanella
oneidensis,Stenotrophomonas maltophilia, Xanthomonas oryzae, and Yersinia
enterocolitica (Singh, Shedbalkar, Wadhwani, & Chopade, 2015)
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Introduction

The purpose of this chapter is to provide the summary of the study’s result and
to conclude the research conducted. This chapter also presents recommendations for

future research.

5.2 Conclusion

In conclusion, the objectives of this research were achieved. The various
unknown bacterial isolates were successfully isolated from 3 different sources which are
soil, water and spoiled food in order to find the most potent isolates. Next, they was
purified and predicted as Enterobacter aerogenes for GL7 and Morganella morganii for
CLAC by using Biolog Microbial Identification System analysis. Then, it was confirmed

as Gram-negative bacteria by Gram staining.

Parameter controlling which are incubation condition, incubation periods,
substrate concentration, initial pH values and nitrogen source was conducted after the
primary and secondary screening. The CL4C most potent isolate predicted as
Morganella morganii was found to be optimum at static incubation condition, 15 days
incubation period with a 0.5g substrate concentration. NaNO3 was used as a nitrogen

source and showed optimum enzyme activity at pH 7.0 with 69.952+0.090 1U/ml.

Whereas, the GL7 isolate predicted as Enterobacter aerogenes isolate code was

optimum at static incubation condition, 15 days incubation period, 0.8g substrate
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concentration with the use of NaNOs as a nitrogen source. Optimum enzyme activity
was observed at pH 8.0 with 108.882+0.354 [U/ml.

The size of SNPs was successfully determined by using XRD analysis and for
CLA4C isolate was 19.53 nm while the size for GL7 isolate was 52.35 nm. Lastly, the
volume of the silver particles detected by ICP-MS was 0.5 ppb for each microbial

isolates.

5.3 Recommendation

The study on bioremediation using disposed x-ray sheets are recommend as
there is a lack of studies on this substrate. Consequently disposed x-ray sheets can be
reused instead of being wasted. The study of nature disposed x-ray sheets and effect of
each component on the microbial production are recommend. The growth curve for

every parameter chosen also is recommended to study.

It is also recommends to carry out purification process in order to harvest high
NR enzyme and produce silver nanoparticles as large-scale production is very important
for SNPs commercialization. Next, the studies about the effect of SNPs on antimicrobial

activity also need to be focus.
In the term of most potent bacteria chosen, it is recommend studying also the

ability of fungi and other microorganism to use disposed x-ray sheets as substrate in

order to produce silver nanoparticles.
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APPENDIX A

Manual for Minimal Media (M9) Preparation

Faieco

invitrogen cell culture
M9 Minimal Salts (2X)

Gibco® M9 Minimal Salts (2X) solution I used in the preparation of M9 minimal media. The composition of the M9 Minimal Salts include
buffering agents, a nitrogen source and necessary lons critical to the completion of M9 minimal media. M9 minimal media also requires a

carbon source 10 support microbial

growth. As a complete media, M9 minimal media is

used 1o define the nutritional needs of

bacteria such as Eschenchia coll (E. coll). Auxotrophs, organtsms having unique nutritional requirements due to mutation(s), will not be
able to grow In M8 minimal media without additional supplements such as amino aclds or other required nutrients.

M9 Minimal Salts (2X) A13744-01 1000 mL
Intended Use Use
For research use only. CAUTION: Not intended for human or Procedure
animal diagnostic or therapeutic uses. Consut appropriate references for recommended test
Storage and Handling LNE (e )
15°C to 30°C Expecied Results
Growth should be evident by the appearance of turbidity.
Shelf Life by
12 months User Quality Control
Prepare complete M@ minimal medium as described in the
Medium Preparation Medium section. Inoculate and incubate at 33 to
M9 Minimal Salts (2X) solution (see formulation below) is not a 37°C for 18 to 48 hours.
complete medium and requires dilution and supplementation of =
a carbon source and other nuirients 1o propagate microbial ow‘ ~ S
rosth: E. coil (BL21 (DE3)) 30-300 Good to excellent
Disodium Phosphate Heptahydrate.............cccccoo.... 256gL
Monopotassium Phosphate................ .GolL
Sodium ChiordeERESE . i ik, .. .. 1gl Related Products
Ammonium Chioride. -2glL
Final pH (2X solution): 6.6-7.0 at 25°C )
Terrific Broth, (A13743)
M9 Minimal Complets Medium Preparation: The following
preparation Is a guide for use. Additional supplementation may
be required depending on the nutntional neads of the microbe. Technics Support

1. Aseptically add 500 mL/L M9 Minimal Salts (2X) medium to
a sterile container.

2. Asepically add the following sterie solutions io the
container:
a. 20 mL of 20% D-Glucos= solution
b. 2 mL of 1.0 M MgSO; solution
c. 0.1 mL of 1.0 M CaCl; solution
3. Adjust to volume to 1000mL with sterlle HO and mix until
homogeneous.

Note: Additional supplements may include: casamino adds,
unnatural amino acids, heavy isotope labeled amino acids, trace
metals, thiamine, antibiotics, etc.

Note: Different carbon scurces and pH adjustment can also be

used to complete M3 minimal media. If necessary, sterlle
filtration may be used to sterilize the final formulation.

For additonal product and technical information, such as
Material Safety Data Sheets (MSDS), Certificate of Analysis,
elc, please visit our website at www.invitrogen.com. For further
assistance, please emall owr Technical Support team at
T Invitrogen.com.

The trademarks mentioned herein are the property of Life
Technologies Corporation or thelr respective owners.
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APPENDIX B

Figure 3.4 Agar slant preparation

Figure 3.5 Bacterial isolates spread technique for agar slants
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Figure 3.6

Figure 3.9

APPENDIX C
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APPENDIX D

Preparation of 4AM NaOH

About 160 g of NaOH powder was dissolved in one liter of distilled water. This

mixture was used for the preparation of 4M NaOH solution according to Eq. (3.1).

Equation 3.1 The calculation for preparation 4M NaOH solution

g = N x equivalent weight x volume (3.2)
1000
= 4N x 40.0 g/mol x 1000 ml
1000

=160 g

Equation 3.2 The calculation for preparation MgSQO,4 and CacCl; solution

MgSO, Solution:
g = M x Mwt x volume (3.2)
1000
=1.0M x 246.48 x 100 ml
1000

= 24.648 g for 1 M/100 ml MgSO,

CaCl; Solution:
g=1.0Mx110.98 x 50 ml
1000
= 5.5 g for 1 M/50 ml CaCl,
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APPENDIX E

Crystal Violet

safranin

All purple All purple G+ = purple G+ = purple
G- = colorless G- =red

Figure 3.10  The procedure for Gram staining
Source: Dental Microbiology Lab (1995)
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APPENDIX F

Figure 4.1 The color of protein reagent mixture was change from colorless to blue

Table 4.6 BSA Protein standard curve

BSA concentration Protein Content (Abs

Tube BSA (ml) d.H,O (ml) (mg/mi) at 700 nm)
Mean + SD
1 0.0 2.0 0 0.000
2 0.1 1.9 1 0.593 + 0.069
3 0.2 1.8 2 0.845 +0.017
4 0.3 1.7 3 1.462 £ 0.110
5 0.4 1.6 4 1.697 £0.331
6 0.5 1.5 5 2.111 +0.494
7 0.6 14 6 2.406 £ 0.237
8 0.7 1.3 7 2.538 £ 0.152
9 0.8 1.2 8 2.996 £ 0.482
10 0.9 1.1 9 3.223+£0.482
11 1.0 1.0 10 3.277 +0.338
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APPENDIX G

Absorbance at 700 nm
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Figure 4.2

Figure 4.4

The BSA protein standard curve (mg/ml)

The color of enzyme mixture was change from colorless to pink
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APPENDIX H
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Figure 4.5 The samples were loaded in appropriate wells with pink color produced
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APPENDIX |

Nitrite Standard Curve

After the parameters were determined in all selected samples, the nitrate
standard curve was conducted. The data recorded in Table 4
.12 shows the nitrite standard curve conducted with the final concentration of

stock was 200 pg/ml.

Table 4.12 Nitrite standard curve

Nitrite concentration

Tube Nitrite (ml) ~ d.H,O (ml) (ug/ml)
1 0.0 10.0 0
5 0.4 9.6 20
. 0.8 9.2 40
p 1.2 8.8 60
5 1.6 8.4 80
. 20 8.0 100
y 24 76 120
g 28 7.2 140
o 3.2 6.8 160
40 3.6 6.4 180
i 40 6.0 200

A nitrite standard curve must be performed in order to quantitate the total of
nitrate and nitrite concentration in the samples. They were prepared by dissolving 250
mg of NaNOg3 in 500ml of distilled water which produced 500ug/ml of stock solution.
Then, 400 pl of the stock solution was diluted in 9.6 ml distilled water to produce the

concentration of 20ug/ml.

After reading the absorbance of the standards at 540 nm by using the UV-vis
spectrophotometer, the calibration curve was plotted based on values of absorbance vs.
the nitrite concentration as shown in Table 4.13. The graph was plotted as shown in
Figure 4.22. The purpose of this standard curve is to compare and measure the unknown
concentration of nitrite in the samples with the known concentration. Both enzyme

assay and enzyme standards used the same method which combines the unknown or
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known samples with assay reagent as mentioned in Saifuddin et al. (2009) and the

colorimetric techniques used to measure absorbance.

After the graph was plotted, the linear regression or straight line was obtained by
assuming the overall relationship between concentration and absorbance. The equation

for this line is:

y=mx+c (3.4
Absorbance = 0.022x + (y intercept)

X (ug/ml) = Absorbance
0.022

The enzyme concentration (pg/ml) of the previous parameter controlling part in
the most potent isolate samples were calculated based on this equation. The absorbance
in the equation was the absorbance reading obtained from the measurement of selected
samples at 540 nm by using UV-Vis spectrophotometer. This enzyme standard curve
was obtained after parameter controlling to make sure the standard curve was done in an

expected range.

Table 4.13 Data for nitrite concentration (pg/ml) and absorbance at 540nm

Enzyme concentration

Tube Nitrite concentration (Abs at 540 nm)
(Hg/ml)
Mean £ SD

1 0 0.000

2 20 1.103 + 0.069
3 40 1.384 +0.017
4 60 1.543+0.110
5 80 1.942 +0.331
6 100 2.399 £ 0.494
7 120 2.610 £0.237
8 140 3.040 £0.152
9 160 3.340 £ 0.482
10 180 3.980 +£0.482
11 200 4,430 +0.338
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y=0.022x
R2=0.951

s § 8

:
N

Absorbance at 540nm
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APPENDICES J

XRD data analysis for CL4AC

2-theta (deg) d (ang.) Height (cps) Int. I(cps¥deg)  FWHM(deQ) Size Phase name
16.84(6) 5.260(19) 24(5) 12.3(15) 0.43(6) 197(27) Unknown,
22.323(13) 3.979(2) 122(11) 49.1(14) 0.301(14) 281(13) Silver Nitrite, (0,1,1)
23.166(11) 3.8363(17) 170(13) 62.7(18) 0.285(11) 298(12) Unknown,
23.747(9) 3.7438(14) 124(11) 30.1(17) 0.198(13) 428(28) Unknown,
25.95(3) 3.430(3) 92(10) 33.3(13) 0.23(3) 371(43) Unknown,
27.27(3) 3.267(4) 31(6) 7.6(11) 0.19(4) 451(86) Unknown,
28.013(12) 3.1826(13) 169(13) 61.8(18) 0.282(12) 303(13) Unknown,
29.45(6) 3.030(6) 36(6) 55(4) 1.27(11) 68(6) Silver Nitrite, (1,1,0)
31.05(3) 2.877(3) 57(8) 17(2) 0.22(4) 387(62) Unknown,
31.672(10) 2.8227(8) 417(20) 203(4) 0.386(8) 223(5) Unknown,
32.774(17) 2.7303(13) 127(11) 71(3) 0.45(2) 191(10) Unknown,
33.85(4) 2.646(3) 42(6) 27(5) 0.46(9) 189(37) Silver Nitrite, (0,0,2)
40.11(2) 2.2460(13) 95(10) 38(2) 0.349(18) 253(13) Unknown,
41.06(6) 2.197(3) 25(5) 9.2(13) 0.32(6) 277(51) Unknown,
45.318(8) 1.9995(3) 222(15) 93(2) 0.269(11) 334(14) Silver Nitrite, (1,1,2)
47.20(4) 1.9239(17) 27(5) 10.8(10) 0.36(4) 248(29) Unknown,
52.17(4) 1.7519(11) 47(7) 15.9(11) 0.24(5) 380(75) Silver Nitrite, (2,0,0)
53.36(5) 1.7154(16) 27(5) 13.2(12) 0.39(5) 237(28) Unknown,
56.44(3) 1.6290(9) 60(8) 21.7(12) 0.33(3) 289(22) Unknown,
57.94(7) 1.5902(17) 28(5) 35.5(18) 1.12(7) 85(5) Silver Nitrite, (2,1,1)
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Continued

2-theta (deg) d (ang.) Height (cps)  Int. I(cps¥deg) @ FWHM(deg) Size Phase name
64.18(3) 1.4500(5) 28(5) 8.5(8) 0.23(4) 430(79) Unknown,
66.14(6) 1.4117(11) 25(5) 19.5(14) 0.59(7) 167(20) Unknown,
71.2(6) 1.323(10) 3.4(19) 16(3) 3.4(8) 30(7) Silver Nitrite, (1,4,1)
75.20(2) 1.2624(3) 55(7) 14.0(8) 0.18(2) 582(65) Unknown,
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APPENDICES K

XRD data analysis for GL7

2-theta (deg) d (ang.) Height (cps) Int. I(cps¥deg) FWHM(deg) Size Phase name
22.474(18) 3.953(3) 129(11) 43.8(15) 0.259(16) 327(21) Unknown,
23.239(13) 3.824(2) 180(13) 57(2) 0.231(14) 367(22) Unknown,
23.821(18) 3.732(3) 86(9) 27.3(17) 0.23(2) 370(35) Unknown,
25.89(17) 3.44(2) 17(4) 18(4) 0.94(16) 90(15) Unknown,
28.13(3) 3.170(3) 96(10) 30(2) 0.27(2) 316(27) Unknown,
31.183(17) 2.8659(15) 69(8) 9.9(16) 0.10(3) 851(234) Silver Nitrite, (0,2,0)
31.765(14) 2.8147(12) 234(15) 54(3) 0.181(16) 476(41) Unknown,
31.992(13) 2.7952(11) 343(19) 145(4) 0.300(15) 288(15) Unknown,
32.930(17) 2.7177(14) 131(11) 80(3) 0.441(19) 196(9) Silver Nitrite, (1,0,1)
36.81(6) 2.440(4) 27(5) 12.7(13) 0.35(7) 247(49) Unknown,
39.03(12) 2.306(7) 21(5) 11.7(15) 0.35(11) 252(78) Unknown,
40.20(3) 2.2412(16) 63(8) 25.3(17) 0.34(2) 262(19) Unknown,
41.09(5) 2.195(3) 23(5) 10.0(10) 0.37(5) 242(36) Unknown,
45.43(2) 1.9946(8) 219(15) 78(3) 0.27(2) 331(27) Unknown,
52.26(5) 1.7489(15) 45(7) 18.7(13) 0.31(5) 301(53) Unknown,
53.41(5) 1.7140(15) 37(6) 15.7(11) 0.35(5) 263(35) Unknown,
56.50(2) 1.6275(6) 73(9) 23.7(13) 0.25(3) 372(39) Unknown,
57.88(6) 1.5918(15) 33(6) 42.3(18) 1.00(6) 94(6) Unknown,
64.22(3) 1.4492(6) 44(7) 11.7(9) 0.17(3) 578(108) Unknown,
66.33(6) 1.4081(11) 24(5) 12.0(14) 0.43(6) 232(34) Unknown,
75.273(17) 1.2614(2) 69(8) 15.3(10) 0.172(17) 609(61) Unknown,
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