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CHAPTER I 

INTRODUCTION 

 

I. INTRODUCTION 

1.1 Background/Problem 

 Bacterial infections remain a significant public health problem around the world, 

particularly bacteria that are caused by multidrug-resistant bacteria, so the treatment      

of antibiotics becomes less effective. The number of infected patients by antibiotic-

resistant bacteria is also increasing each year, leading to the death caused by          

resistant bacterial infection (Michael et al., 2014; Thongkrachang et al., 2016). 

Nowadays, Methicillin-resistant Staphylococcus aureus (MRSA), Vancomycin-

resistant Enterococci (VRE), Pseudomonas aeruginosa, Acinetobacter baumanii, and 

Enterobacteriaceae (mostly Klebsiella pneumoniae) posed the significant challenges 

in terms of antibiotic resistance (Rossolini et al., 2014). World Health Organization 

(WHO) issued a global priority pathogen list (PPL) for antibiotic-resistant bacteria, 

including A. baumanii, P. aeruginosa, S. aureus, Enterobacteriaceae, Salmonella, etc., 

to prioritize the development of new antibiotics (Tacconelli and Magrini, 2017). 

Therefore, the discovery of a new drug to combat bacterial infection is urgently needed 

(Panigrahi et al., 2011; Thongkrachang et al., 2016). 

Actinomycetes are an essential source of antibiotics, especially the genus of 

Streptomyces. There are around 22500 antimicrobial compounds isolated from 
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microorganisms, which actinomycetes produce 45% of them (Berdy, 2005; 

Thongkrachang et al., 2016; Mahajan et al., 2015). Actinomycin was the first antibiotic 

isolated from Streptomyces antibiotics in early 1940. In 1942 and 1944, streptothricin 

and streptomycin were isolated from Streptomyces lavendulae and Streptomyces 

griseus, respectively (Barka et al., 2016; Okami and Hotta, 1988). Therefore, 

Streptomyces are still an exciting source to explore due to their potency to produce 

active substances against pathogenic bacteria.  

The term nanotechnology means designing and making material whose purpose 

depends on the specific structure at the nanoscale, generally around 100 nm or less (Das 

et al., 2017). Currently, the application of nanotechnology was used not only in 

controlling the consumption of available antibiotics but also to combat antibiotic-

resistant microorganisms. This technology offers an opportunity for the discovery of 

novel compounds with antimicrobial activity as well as the use of nanofunctionalization 

to restore an antimicrobial activity of existing antibiotics (Banin et al., 2017). 

Nanomaterials are increasingly making a significant impact on human health and are 

widely used in diagnostic and therapeutic applications (Das et al., 2017).  

The most applied nanomaterials in the biomedical field are metal nanoparticles 

that achieve remarkable attention as novel antimicrobial agents. Several metal 

nanoparticles, such as silver, gold, zinc, and copper, are reported to be active against 

pathogenic bacteria and fungi (Bogdanovi et al., 2014; Folorunso et al., 2019; Naqvi et 

al., 2013; Xie et al., 2011). Silver nanoparticles (AgNPs) are progressively used in 

various fields due to their unique chemical and physical properties (Zhang et al., 2016). 

The size of AgNPs is around 1 to 100 nm that makes AgNPs different from bulk 

materials. The large surface area properties of AgNPs promotes the higher amount of 
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interaction between AgNPs and bacterial cells that leads to the increase of antibacterial 

activity (Franci et al., 2015; Liao et al., 2019). Generally, chemical and physical 

methods were used for the synthesis of AgNPs. However, these methods had several 

disadvantages, including expensive and hazardous. Currently, green synthesis of 

AgNPs is applied by using plants and microorganisms, including bacteria, algae, and 

fungi. Compared to the chemical and physical methods, the biological method is simple, 

non-toxic, rapid, produce well-defined size and morphology, and eco-friendly (Iravani 

et al., 2014). In the field of biological and biomedical applications, AgNPs have been 

used extensively as antibacterial, antifungal, antiviral, anti-inflammatory, anti-cancer, 

and anti-angiogenic agents (Zhang et al., 2016). Several AgNPs that synthesized by the 

biological method also have been used to treat multidrug-resistant (MDR) A. 

baumannii, such as AgNPs that synthesized from plant Mukia scabrella, bacteria 

Xanthomonas spp., fungi Penicillium polonicum and Aspergillus flavus (Barros et al., 

2018). 

Another widely used nanomaterial in the biomedical field is nanofibers prepared 

by electrospinning. These nanofibers have the potential to be candidates for the 

formulation of medical fabrics for wound dressing and exhibit several characteristics 

that provide novel replacement dressing material for wound healing. The 

electrospinning process is a simple and cost-effective method to produce a drug-

containing fiber with small diameters and high surface area (Gizaw et al., 2018; 

Motealleh et al., 2014; Song et al., 2017). Although human skin is an effective barrier 

to pathogens, it could be broken by injury. The wound may be infected by any variety 

of potential pathogens capable of causing systemic or localized diseases (Singleton, 

2004). Wound healing is a tissue regeneration process that involving the growth of new 
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tissue to replace the damage tissue and provide barrier from the outside environment, 

especially from the infection of pathogenic bacteria. To facilitate wound healing, a 

sterile dressing material is needed to avoid contamination and promote the healing 

process. Nowadays, non–healing wounds gels and creams that are used clinically 

demonstrate slow improvement on the wound (Gizaw et al., 2018). Therefore, it needs 

a wound dressing that provides wound healing activity with antimicrobial properties to 

avoid bacterial infections. Electrospun nanofibers not only offer physical protection to 

the wound but also have the capacity to be incorporated with drugs and can be adjusted 

the release rate by changing the types and composition of the materials (Chou and 

Woodrow, 2017). This study was focused on the application of soil isolated 

Streptomyces and used them to synthesize AgNPs and electrospun nanofibers.  

 

1.2 Research objectives 

The general purpose of this research was to isolate soil sample Streptomyces spp. 

and use them to synthesize AgNPs and electrospun nanofibers. In meeting its 

objectives, this research is keyed to two issues described as follow: 

a) To synthesize and characterize AgNPs by a green synthesis method using 

cell-free supernatant of Streptomyces sp. SSUT88A and evaluate their 

antimicrobial activity against drug-resistant bacteria.  

b) To synthesize and characterize PJ95 crude extract-loaded PVDF-HFP 

electrospun nanofibers and evaluate their cytotoxicity and antimicrobial 

activity against pathogenic bacteria.  
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1.3 Research hypothesis 

The main hypothesis of the study was the AgNPs and electrospun nanofibers were 

successfully synthesized from Streptomyces spp. Furthermore, to study the application 

of Streptomyces spp. for the synthesis of AgNPs and electrospun nanofibers, the main 

hypothesis was divided into two sub-hypotheses, in which they were specified and 

studied independently as follows: 

a) The AgNPs are successfully synthesized using Streptomyces sp. SSUT88A. 

The synthesized AgNPs were characterized and show antimicrobial activity 

against clinical drug-resistant bacteria.   

b) The PJ95 crude extract-loaded PVDF-HFP electrospun nanofibers are 

successfully synthesized and characterized. The synthesized nanofibers 

show antimicrobial activities against test pathogens. 

 

1.4 Scope and limitation of the study 

To explore the application of Streptomyces spp. for the synthesis of 

nanomaterials, this work involves isolation and identification of Streptomyces. The 

Streptomyces sp. SSUT88A were isolated from soil sample by using dilution method. 

The isolated Streptomyces were identified based on 16s rRNA gene sequence and used 

for the synthesis of AgNPs. The synthesized AgNPs were characterized by using UV-

Vis Spectrophotometer, TEM (transmission electron microscope), EDXRF (energy-

dispersive X-ray fluorescent), FTIR (Fourier transform infrared spectroscopy),  

XANES (X-ray absorption near edge structure), XRD (X-ray diffraction), and zeta 

sizer. The synthesized AgNPs were tested for their antimicrobial activity against drugs-

resistant bacteria and their cytotoxicity to NIH-3T3 mouse fibroblast cell lines. The 
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electrospun nanofibers were fabricated by mixing PVDF-HFP and Streptomyces sp. 

PJ95 crude extract. The Streptomyces sp. PJ95 was obtained from the previous work, 

which revealed high similarity to Streptomyces luteosporeus NBRC14657T. The 

electrospun nanofibers were characterized using SEM (scanning electron microscope) 

and FTIR. A release profile of crude extract from the nanofibers were observed. The 

electrospun nanofibers were tested for their antimicrobial activity against skin infection 

pathogen bacteria and cytotoxicity to NIH-3T3 mouse fibroblast cell lines. 
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CHAPTER II 

BIOSYNTHESIS OF SILVER NANOPARTICLES FROM 

STREPTOMYCES SP. SSUT88A 

DOSYNTHESIS OF SILVER NANOPARTICLES FROM STREPTOMYCES SP. SSUT88A 

2.1 Introduction 

Metal nanoparticles are gaining more attention during the last decade because of 

their unique characteristics such as physiochemical, antimicrobial, anticancer, optical, 

magnetic, and electronic properties (Lee and Jun, 2019; Ovais et al., 2018; Rai et al., 

2009). Different types of metal nanoparticles like copper, titanium, zinc, gold, 

magnesium, and silver have been synthesized. However, silver nanoparticles (AgNPs) 

are the most effective for their antimicrobial properties (Cavassin et al., 2015).  

The antimicrobial properties of silver have been documented since 1000 BC. The 

first medical use of silver for blood purifier and to cure offensive breath was reported 

in 980 AD. The medical use of silver for eye infection in neonatal was reported in 1881, 

and the silver was applied for internal antisepsis in 1901. Silver has been widely used 

to treat superficial and deep dermal burns of the wound in the form of silver nitrate and 

silver sulfadiazine (Alexander, 2009; Carter et al., 2010; Li et al., 2016; Rai et al., 

2009). The silver in nanoscale has different properties compared to the bulk material, 

such as the surface plasmon resonance, small size with large surface area, and strong 

toxicity to a wide range of microorganisms (Elechiguerra et al., 2005).
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The AgNPs can be synthesized by numerous methods such as physical, chemical, 

and biological methods. However, the toxic reducing agents such as 2-mercaptoethanol 

and sodium borohydride are used for the synthesis by chemical method. These toxic 

substances are negatively impact on environment. While, the physical method produces 

low yield products and difficult to control the particle size (Gurunathan et al., 2014; 

Iravani et al., 2014; Ovais et al., 2018; Siddiqi et al., 2018; Zhang et al., 2016). On the 

other hand, the biological method, known as green synthesis, provides a possible option 

to synthesize AgNPs due to its simple, cost-effective, producing high-yield, and being 

eco-friendly processes. AgNPs can be synthesized using plant, bacteria, fungi, and 

algae (Gurunathan et al., 2014).  

Streptomycetes are gram-positive, filamentous soil bacteria and well recognized 

as antimicrobial producing organisms. Streptomycetes show extensive secondary 

metabolism and produce two-thirds of all naturally derived antibiotics. Several 

antibiotics synthesized by Streptomycetes are streptomycin, erythromycin, 

chloramphenicol, ivermectin, and rifamycin (Barka et al., 2016; Raja and Prabakarana, 

2011; van der Meij et al., 2017). The members in the genus Streptomyces have been 

used for the synthesis of AgNPs such as Streptomyces rochei MHM13, Streptomyces 

coelicolor, Streptomyces sp. LK3, Streptomyces griseorubens AU2, and Streptomyces 

viridodiastaticus SSHH-1 (Abd-Elnaby et al., 2016; Karthik et al., 2010; Manikprabhu 

and Lingappa, 2013; Mohamedin et al., 2015).  

The AgNPs have been reported for their antimicrobial properties against Gram-

positive and Gram-negative bacteria (Jiang et al., 2004). Morones et al. (2005) reported 

antimicrobial activity of AgNPs against Gram-negative bacteria, E. coli, Vibrio 

cholera, P. aeruginosa, and S. typhy. They suggested that the antimicrobial action of 
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AgNPs was to attach and disrupt the cell membrane, penetrate the bacteria, and release 

silver ions. Interestingly, the antimicrobial activity of AgNPs was also observed on 

multidrug-resistant bacteria (Cavassin et al., 2015; Scandorieiro et al., 2016; Silva 

Santos et al., 2016). Several biological synthesis AgNPs reported being effective 

against multidrug-resistant strains such as multidrug-resistant A. baumannii, multidrug-

resistant S. aureus, and multidrug-resistant P. aeruginosa (Wintachai et al., 2019; Yuan 

et al., 2017). Therefore, the AgNPs provide a potential candidate as an inhibitor for 

multidrug-resistance microorganisms. 

Because of the antimicrobial properties, the AgNPs have been widely used in 

personal care products, dressing for external wound treatment, surgical instruments, 

and ointment (Bansod et al., 2015; Eby et al., 2009; Margaret et al., 2006). Furthermore, 

their application expands to the biological and biomedical fields such as drug and gene 

delivery, biosensors, diagnostic, medical devices, and implantable materials (Ahamed 

et al., 2010; Lee and Jun, 2019). In this research, the AgNPs were synthesized by a 

green method using different cell-free supernatant of Streptomyces sp. SSUT88A. The 

characterization, cytotoxicity against NIH-3T3 cells, and antimicrobial activity against 

drugs-resistant bacteria were investigated. 

 

2.2 Literature review 

2.2.1  Streptomyces sp. and their secondary metabolite 

 Streptomycetes belongs to the class of Actinomycetes. They are Gram-

positive, aerobic bacteria, which show branching filament form/hyphae and asexual 

spores. The actinomycetes are distinguished from other bacteria based on cell 

morphology, spore arrangement, cell wall chemistry, and type of sugar present in the 
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cell extract (Purohit et al., 2006). The characteristic of actinomycetes are high content 

of G+C in their DNA and can be found in both aquatic or marine and terrestrial 

ecosystems (Barka et al., 2016; van der Meij et al., 2017). Raja and Prabakarana (2011) 

also reported that actinomycetes are also found in extreme environments, especially in 

the cryophilic regions. Most of the actinomycetes found in symbiosis with another 

organism, that gives benefit for their secondary metabolite production. They will 

exchange the chemicals with the other microbial community or other organisms, which 

has a major impact on the secondary metabolites and growth (Banin et al., 2017; van 

der Meij et al., 2017).  

 Actinomycetes are divided into six orders and 14 suborders (Table 2.1). 

The genera of this class exhibit enormous diversity in terms of morphology, physiology, 

and metabolic capabilities (Barka et al., 2016). 

 

 Table 2.1 Taxonomy of Actinomycetes (Barka et al., 2016). 

Class Orders Suborders 

Actinomycetes Rubrobacteriales 

Acidimicrobiales 

Solirubrobacteriales 

Coriobacteriales 

Bifidobacteriales 

Actinomycetales 

Corynebacterineae 

Pseudonocardinae 

Frankineae 

Streptosporangineae 

Streptomycineae 

Catenulisporineae 

Micromonosporineae 

Glycomycineae 

Propionibacterineae 
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 Table 2.1 Taxonomy of Actinomycetes (Barka et al., 2016). (Continued) 

Class Orders Suborders 

  Micrococcinae 

Kineosporiineae 

Actinomycineae 

Actinopolysporineae 

Jiangellineae 

 

 Actinomycetes are abundant in soil because they play a significant role in 

the mineralization of organic materials of soil (Purohit et al., 2006). Several factors that 

affect the growth of actinomycetes are temperature, pH, and soil moisture. Most of the 

actinomycetes are mesophilic, with optimum growing temperatures between 25 and 

37°C. However, some actinomycetes are thermophilic, which can grow at a temperature 

ranging from 50 to 60°C. The optimum pH of soil for actinomycetes becomes between 

6 and 9, with maximum growth around neutrality (Barka et al., 2016).  

 Actinomycetes also have extensive secondary metabolism and produce 

two-thirds of all naturally derived antibiotics in current clinical use (Figure 2.1) (Barka 

et al., 2016; van der Meij et al., 2017). From all of the actinomycetes group, 

Streptomyces possess diverse genus with around 600 species, and they are responsible 

for the production of half of all known antibiotics (Labeda et al., 2012). They have been 

recognized as a source of active compounds with antifungals, antibiotics, 

chemotherapeutic or anticancer activity (Raja and Prabakarana, 2011). Consequently, 

Streptomyces are very important in the fight against emerging multidrug-resistant 

pathogens (Barka et al., 2016; van der Meij et al., 2017). Streptomyces species produce 
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antibiotics such as tetracyclines, aminoglycosides, macrolides, chloramphenicol, 

ivermectin, rifamycins, and most other clinically useful antibiotics that are not beta-

lactams (Raja and Prabakarana, 2011). 

 

 

 

Figure 2.1 Antibiotics that produced by Actinomycetes. 

 

2.2.2 Synthesis of silver nanoparticles (AgNPs) 

 Nano is a prefix of denoting the minus 9th power of ten. The nanoparticle 

is an ultrafine particle in the size of nanometer order (Yokoyama et al., 2012). Metal 

nanoparticles possess a distinctive optical property called Surface Plasmon Resonance 
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(SPR) due to the collective oscillation of free electron at the interface between negative 

and positive permittivity of material stimulated by incident light.  Due to their small 

size with large surface area, metal nanoparticles are widely used for hypothermia 

treatment of malignant cells, magnetic resonance imaging enhancement, cell labeling, 

cell tracking, in vivo imaging, drug delivery system, and some of the biomedical field. 

Some of the metals that are successfully synthesized as nanoparticles are selenium, 

tellurium, gold, silver, cadmium, lead, iron, copper, arsenic, chromium, and zinc. 

Among all of these metals, silver nanoparticles work best for their antimicrobial activity 

(Sharon et al., 2012; Liao et al., 2019). 

 Silver has been known to exhibit antibacterial activity. They used for 

bacterial infection treatment in association with burns, ulcerations, wounds, and to 

prevent gonococcal ophthalmic infection in newborns (Barros et al., 2018; Franci et al., 

2015; Mohammadi et al., 2019; Munteanu et al., 2016; Politano et al., 2013). To treat 

burns and wounds, the silver has been added to bandages or cream in the form of silver 

sulfadiazine or silver nitrate (Carter et al., 2010).   

 There are three different approaches for carrying out the synthesis of 

AgNPs, chemical method, physical method, and biological method. For chemical 

methods, they employ three main components, which are precursors, reducing agents, 

and stabilizing or capping agents. Several techniques were used for chemical synthesis 

of AgNPs, such as cryochemical synthesis, lithography, electrochemical reduction, 

laser irradiation, thermal decomposition, and chemical reduction. Toxic and hazardous 

chemicals used, such as borohydride and 2-mercaptoethanol, are disadvantages of this 

method. It is also challenging to prepare AgNPs with defined size and need additional 

steps to prevent particle aggregation. Apart from these disadvantages, the advantages 
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of the chemical methods are high yield, easy of production, and low cost (Ge et al., 

2014; Gurunathan et al., 2014; Siddiqi et al., 2018; Zhang et al., 2016). 

 In the physical method, evaporation-condensation and laser ablation have 

been used for AgNPs synthesis. The advantages of physical processes are the absence 

of solvent contamination in the thin film, no hazardous agents or toxic chemical use, 

and produce a uniform distribution of nanoparticles. On the other hand, the physical 

method’s disadvantages are low yield, high consuming energy, tube furnace occupies a 

large space, and requires times to achieve their stability (Ge et al., 2014; Iravani et al., 

2014; Siddiqi et al., 2018; Zhang et al., 2016). 

 Besides chemical and physical methods, biological synthesis or known as 

green synthesis emerged as a possible option to synthesize AgNPs. Recently, a 

biologically mediated combination of AgNPs has been gaining more attention. 

Bacteria, fungi, actinomycetes, algae, and plants have been extensively studied for 

AgNPs synthesis because it is simple, cost-effective, dependable, and environmentally 

friendly without using toxic chemicals and gives high yield production with a defined 

size. Microorganisms, plants, and other small molecules such as amino acid, protein, 

and vitamin act as reducing and stabilizing agent (Sharon et al., 2012; Ge et al., 2014; 

Siddiqi et al., 2018; Zhang et al., 2016). Other advantages of using the biological 

method for the synthesis of AgNPs are short time, high density, stability, and solubility. 

The biological synthesis of AgNPs depends on three factors, including the solvent, the 

reducing agent, and the non-toxic materials. The presence of amino acids, proteins, or 

secondary metabolites in the solvent is the major advantage for the synthesis of AgNPs 

because they act as stabilizing and capping agent.  On the other hand, the use of 
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biological molecules for synthesis is eco-friendly and pollution-free (Barros et al., 

2018; Ge et al., 2014; Zhang et al., 2016). 

 The overall mechanism of AgNPs synthesis by using bacteria involves 

entrapment of Ag+, reduction, capping, and stabilization processes. This mechanism 

follows bottom-up approaches (produced from small entities such as atom and 

molecules via redox reaction) (Figure 2.2). The synthesis of AgNPs using bacteria can 

occur intracellularly, extracellularly, or both, depending on the location of the reducing 

agent. Many microorganisms produce inorganic matters inside of the cell and release 

it. In the case of extracellular synthesis, the reducing agent for reduction Ag+ to Ag0 

usually comes from small soluble secreted enzymes or proteins that present on the 

bacterial cell wall. Extracellular compounds are secreted by bacterial cells composed 

of protein and polysaccharides that capable of adhering and trapping Ag+. NADH 

reductase plays an essential role in some reports related to the reduction of Ag+ to Ag0. 

Where NADH donates an electron to Ag+, then Ag+ will be reduced to their elemental 

form and accumulate in the form of AgNPs. The extracellular method for AgNPs 

synthesis has been suggested because it is cheap, favor for large-scale production, and 

easy for downstream processing (Barros et al., 2018; Hulkoti and Taranath, 2014; 

Javaid et al., 2018; Kalishwaralal et al., 2010; Siddiqi et al., 2018). Streptomyces rochei 

MHM13 has been reported for their ability to synthesize AgNPs by an extracellular 

process in the size of 22-85 nm that showed antibacterial activity against medically 

important bacteria such as V. fluvialis, P. aeruginosa, and S. typhimurium. (Abd-Elnaby 

et al., 2016).  
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Figure 2.2 Mechanism of AgNPs synthesis by bacteria mediated via NADH-dependent 

reductase enzyme (Javaid et al., 2018). 

 

Furthermore, the intracellular synthesis of AgNPs involves the transport of 

Ag+ into the cell by a membrane protein. The synthesized AgNPs are reported being 

accumulated in the cell wall or periplasmic space. The mechanism of intracellular 

synthesis of AgNPs starts with the trapping of Ag+ by the interaction of positively 

charged Ag+ with negatively charged bacterial cell surface due to the presence of the 

carboxyl group. Several bacteria generate a transmembrane protein that allows Ag+ to 

enter the cell. The silver binding protein attracts an uptake of Ag+ inside the cell and 

initiates the synthesis of AgNPs. However, the additional step required for the 

intracellular process to collect the synthesized AgNPs, such as lysis of bacterial cells 

by ultra-sonication, heat treatment, or by the chemical method using salt and detergent. 

The intracellular synthesis of AgNPs requires metal resistant strains because Ag+ 
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should be imported into the cell without causing any damage (Barros et al., 2018; 

Hulkoti and Taranath, 2014; Javaid et al., 2018). For example, Corynebacterium sp. 

SH09 can synthesize AgNPs by intracellular process and produces AgNPs in the size 

of 10-15 nm, which form diamine Ag complex on its cell wall (Zhang et al., 2005). 

 

Table 2.2 Green synthesis of AgNPs using Streptomycetes. 

Microbes name 
AgNPs size 

(nm) 
References 

Streptomyces rochei MHM13 22-85  (Abd-Elnaby et al., 2016) 

Streptomyces coelicolor  28-50 (Manikprabhu and Lingappa, 

2013) 

Streptomyces sp. LK3 5 (Karthik et al., 2014) 

Streptomyces griseorubens AU2 5-20  (Baygar and Ugur, 2017) 

Streptomyces sp. PBT 005 198-595 (Kumar et al., 2015) 

Streptomyces viridodiastaticus 

SSHH-1 

15-45 (Mohamedin et al., 2015) 

 

Streptomycetes can produce secondary metabolites and are considered as an 

important source for a new product of medical use, such as an antimicrobial agent. 

Many researchers observe that Streptomycetes have an important role in the synthesis 

of silver nanoparticles. The synthesized AgNPs represent good stability and 

polydispersity due to the presence of stabilizing and capping agent (Abd-Elnaby et al., 

2016; Hulkoti and Taranath, 2014). Table 2.2 show the example of synthesized AgNPs 

using Streptomyces.  
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AgNPs have attracted considerable attention from many researchers and 

companies and have been used for manufacturing many products of AgNPs. In the 

industrial field, AgNPs have been used for paint and household needs such as detergent 

and healthcare-related products. In the consumer product field, AgNPs have been used 

for medical devices coating, cosmetics, and optical sensors. Finally, in the 

pharmaceutical field, AgNPs have been used for drug delivery, antimicrobial agents, 

anticancer agents, wound dressings, and biomedical equipment (Barros et al., 2018; 

Carter et al., 2010; Javaid et al., 2018; Naqvi et al., 2013;  Zhang et al., 2016). 

2.2.3 Antimicrobial and cytotoxicity mechanism of silver nanoparticles 

 AgNPs exhibit antimicrobial activity against a broad range of pathogenic 

microorganisms. The activity of AgNPs depends on surface chemistry, size, shape, 

coating or capping agent, agglomeration, particle reactivity in solution, cell type, and 

reducing agent. AgNPs synthesized by a biological method is generally more toxic 

against pathogenic bacteria than those by other methods (Siddiqi et al., 2018; Zhang et 

al., 2016). Several mechanisms of antimicrobial activity of AgNPs have been reported 

by many researchers, including the interaction between AgNPs and bacterial cell, 

generation of ROS that followed by depletion of GSH activity, and DNA and protein 

damage (Figure 2.3).   
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Figure 2.3 Mechanism of antimicrobial action of silver nanoparticles (Roy et al., 2019). 

 

The antimicrobial activity of AgNPs begins with the interaction of AgNPs 

with bacterial cells. The smaller particle size of AgNPs has been reported being higher 

toxic compared with the bigger one. The AgNPs will interact with the protein, 

phospholipids, or thiol-containing groups that appear in the cell wall, leading to proton 

leakage and disintegration of bacterial cells. The attachment of AgNPs to cell wall also 

follows by the formation of pits that causes structural cell membrane change, increases 

cell permeability, and leads to cell death (Barros et al., 2018; Franci et al., 2015; Ge et 

al., 2014; Siddiqi et al., 2018). The formation of pits on the cell wall was also observed 

on E. coli cells after AgNPs treatment by using SEM and TEM. The AgNPs were found 

to be accumulated on the bacterial membrane, leading to increased permeability of the 

membrane and resulted in cell death (Sondi and Salopek-Sondi, 2004). 

AgNPs have a higher tendency to interact with phosphorus and sulfur groups 

of DNA or thiol group of vital enzymes. It causes inhibition of some cell function that 
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leads to DNA damage and aggregation and disrupts the process of transcription and 

translation (Barros et al., 2018; Franci et al., 2015; Ge et al., 2014; Liao et al., 2019; 

Morones et al., 2005; Siddiqi et al., 2018). 

AgNPs have reactive redox property, which increases ROS level and causes 

cell death by DNA or RNA damage that participates in the cell apoptosis process (Jin 

and Zhao, 2009). Hussain et al. (2005) have observed the cytotoxicity effect of AgNPs 

at 5-50 µg/mL on the BBL 3A rat liver cells after 24 h incubation. The treatment of 

AgNPs has caused a decrease in mitochondrial function, membrane leakage of lactate 

dehydrogenase (LDH), depletion of GSH level, and an increase in ROS level. AgNPs 

synthesized from branch cyclodextrin has also been reported to cause the cell wall of 

the P. aeruginosa becoming thin, combined with the deformation of cell membrane and 

release of cell content. Based on the proteomic analysis, the proteins that involved in 

the ROS metabolism, oxidative stress, and REDOX (superoxide dismutase, catalase, 

peroxidase) are highly expressed in the AgNPs treated group, followed by the 

increasing amount of ROS that leads to cell death by apoptosis (Liao et al., 2019). 

 

2.3 Research methodology 

2.3.1 Isolation and purification of Streptomyces 

 Soil samples were collected from the Sekaerat Environmental Research 

Station, Nakhon Ratchasima, Thailand, at depth 10-20 cm and transferred to a clean 

plastic bag. Soil Streptomyces were isolated using a serial dilution method and cultured 

on the actinomycete isolation agar (AIA, Himedia) medium. Incubation was conducted 

at 37°C for one week or until the colonies appear. Selected colonies were transferred to 

 



 
25 

 

 

an International Streptomyces Project 2 (ISP2) agar medium for purification. The 

purified isolates were preserved in 20% glycerol and kept at -80°C freezer until used.  

2.3.2 Identification of Streptomyces based on 16s rRNA gene sequence 

Genomic DNA extraction was performed by a method for fungi with 

modification. Streptomyces culture was dispersed in 500 μL of lysis buffer containing 

400 mM Tris-HCl (pH 8.0), 60 mM EDTA (pH 8.0), 150 mM NaCl, 1% sodium 

dodecyl sulfate (SDS) and grinded until fine. The mixture was transferred to a 

microcentrifuge tube. Then 165 μL of 5 M NaCl was added to the mixture and mixed 

by inverting the tube. The suspension was centrifuged at 13000 rpm 4°C for 10 minutes. 

The supernatant was transferred to a new microcentrifuge tube, then added 400 μL 

chloroform and 400 μL isoamyl alcohol and mixed by inverting the tube. The sample 

was centrifuged at 13000 rpm 4°C for 10 minutes. The first layer was transferred into 

a new microcentrifuge tube, added an equal volume of chloroform, and mixed by 

inverting the tube. The sample was centrifuged at 13000 rpm 4°C for 5 minutes. The 

supernatant was transferred into a new tube, added two volumes of 95% ethanol, and 

mixed by inverting the tube. The sample was centrifuged at 13000 rpm 4°C for 5 

minutes, and the supernatant was discarded. The pellet was washed three times with 

300 μL of 70% ice-cold ethanol and centrifuged at 13000 rpm 4°C for 1 minute. The 

sample was dried using Mini Dry Bath and dissolved in 50 μL of TE buffer (10 mM 

Tris-HCL, 0.1 mM EDTA pH 7.8). Extracted DNA was qualitatively checked by using 

agarose gel electrophoresis.  

For PCR amplification, the universal 16s rRNA primers, 27F (5’-

AGAGTTTGATCCTGGCTCAG-3’) and 1525R (5′-AAGGAGGTGATCCAGCC-3′) 

were used for amplification. The amplification was carried out in a mixture’s reaction 
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containing 10 μL genomic DNA as a template, 2 μL forward (10 pM), 2 μL reverse 

primer (10 pM), 25 μL master mix (EconoTaq® PLUS 2x Master Mix, Lucigen), and 

nuclease-free water (Promega) until the final volume of 50 μL reaction mixture. The 

amplification was performed using thermal cycler machine (THERMO Px2 Thermal 

Cycler) with the following cycles: 5 minutes initial denaturation at 94°C; 30 second 

denaturation at 94°C; 30 second annealing at 55°C; 30 second extension at 72°C; for 

20 cycles and a final extension of 7 minutes at 72°C. Electrophoresis of amplified 

products were conducted on 0.7% (w/v) agarose gel in 1X TBE buffer (45 mM Tris-

borate, pH 8.3, and 1 mM Na 2 EDTA) at 100 V. The target band that appears in the 

gel was cut and purified by using FavorPrep™ Gel/PCR Purification Mini Kit 

(Favorgen™). The purified PCR samples were used for DNA sequencing analysis. The 

obtained 16s rRNA gene sequence were compared to an online 16s rRNA database, 

EzBioCloud (http://www.ezbiocloud.net). The sequences were aligned with closely 

related species by using CLUSTAL W. The phylogenetic trees were constructed using 

Molecular Evolutionary Genetics Analysis software version X (MEGA-X) with a 

Neighbor-Joining algorithm of 1000 bootstraps. 

2.3.3 Preparation of cell-free extract 

The Streptomyces sp. SSUT88A was inoculated in a 250 mL Erlenmeyer 

flask containing 100 mL ISP2 medium. A flask was incubated in a rotary shaker at 200 

rpm, 37°C for four days. After incubation, the cultures were harvested by centrifugation 

at 13000 rpm for 5 min. The fermented broth of Streptomyces sp. SSUT88A was 

collected as extracellular cell-free supernatant and used for further experiments. On the 

other side, the cell pellet was washed three times using sterile deionized water (DI) 

water to remove traces of medium. The Streptomyces sp. SSUT88A biomass was 
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resuspended in an Erlenmeyer flask containing 100 mL sterile DI water and incubated 

at 37°C under 200 rpm shaking condition for 24 h. During the incubation, the cells were 

burst due to the osmotic imbalance caused by the excess water to diffuse into the cells. 

Thus, the biological molecules were released into the DI water. After incubation, the 

culture was centrifuged at 13000 rpm for 5 min. The intracellular cell-free supernatant 

was used for further experiments (Krishnakumar and Bai, 2015). 

2.3.4 Biosynthesis of silver nanoparticle 

Fifty mL of Streptomyces cell-free supernatant was mixed with a 50 mL 

aqueous solution of 1 mM silver nitrate (AgNO3) (POCH SA Silver Nitrate 99.9%), 

and the pH was adjusted to 7. The extracellular and intracellular cell-free supernatant 

mixture was incubated in a rotary shaker at 200 rpm, 37°C in the dark for 2 and 5 days, 

respectively. The ISP2, DI, and AgNO3 were used as a control experiment to check the 

role of cell-free supernatant in the reduction of silver ion.  

2.3.5 Characterization of silver nanoparticle 

2.3.5.1 Ultraviolet-visible (UV-Vis) spectrophotometry 

The bio reduction of silver ions was monitored by a color change 

from light yellow to brown. The presence of AgNPs was confirmed by observed their 

absorption spectrum using a UV-Vis spectrophotometer (Thermo Scientific Multiscan 

GO, Finland) in the range of 300 to 600 nm from day 0 to day 5 (Abd-Elnaby et al., 

2016). The absorbance of AgNPs range from 380 to 450 nm, corresponds to the surface 

plasmon resonance of silver nanoparticles. 

2.3.5.2 Determination of particle size and zeta potential 

The particle size distribution and zeta potential measurement of 

both synthesized AgNPs were measured by Zeta sizer (Malvern Instrument Corp, 
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Malvern, USA) at 25°C using disposable plastic cuvette (IVWR Cuvettes PMMA) and 

disposable folded capillary cuvette (DTS1070 Malvern), respectively. The colloidal 

sample of AgNPs was dispersed in water by dispersing 100 µL of AgNPs in 900 µL of 

water.  

2.3.5.3 X-ray diffraction (XRD) evaluation 

The crystallinity of synthesized AgNPs was investigated using 

X-Ray diffraction (XRD) (D Advance, Bruker, Germany). The AgNPs samples were 

prepared by freeze-drying for 48 hours. A diffractions pattern was scanned in the range 

of 2Ө from 20° to 80° (Abirami and Kannabiran, 2016).   

2.3.5.4 Fourier-Transform Infrared (FTIR)  

For FTIR spectroscopy measurement, the AgNPs and cell-free 

supernatant were previously freeze-dried for 48 h. The possible bioreduction agent of 

Ag+ to Ag0 was evaluated by using Fourier-transform infrared spectroscopy (FTIR) 

(FTIR, Bruker Hyperion 3000, Germany) in the range 4000-400 cm-1. To identify the 

functional group in each sample, the spectral data were compared with the database. 

The FTIR analysis was conducted at beamline 4.1 Synchrotron Light Research Institute 

(SLRI), Thailand. 

2.3.5.5 X-ray absorption near edge structure (XANES) analysis 

To determine the local geometric and structure of Ag in the 

synthesized AgNPs, XANES analysis was used. The samples were placed on the thin 

polypropylene film (SPEX SampelPrep). Tle L3 edge XAS spectra of Ag were 

measured in fluorescence mode using a Vortex®-EM silcon drift detector. AgNO3 and 

Ag nanopowder (Sigma Aldrich Chemicals) was used as a standard. The result of 

XANES data were averaged and normalized using thr Demeter package, version 8.9.26 
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(Ravel and Newville, 2005). The XAS analysis was conducted at beamline 5.2 

Synchrotron Light Research Institute (SLRI), Thailand. 

2.3.5.6 Transmission electron microscopy (TEM) and energy 

dispersive X-ray fluorescence (EDXRF) analysis 

The synthesized AgNPs were lyophilized using a freeze-dry 

machine for 48 h. The powder sample of AgNPs was placed onto carbon  tape. TEM 

(Tecnai G2 20) was used for the analysis of the shape and size of AgNPs. EDXRF 

(OXFORD Instrument) was used to confirm the presence of elemental silver and 

chemical composition. 

2.3.6 Antimicrobial activity assay  

The antibacterial activity of synthesized AgNPs was evaluated against 

clinical isolate pathogens, including A. baumannii, E. coli 8465, K. pneumoniae 1617, 

P. aeruginosa N90PS, and MRSA TISTR 20654 using an agar well diffusion assay. 

The test pathogens were obtained from Suranaree university of technology hospital and 

Thailand Institute of Scientific and Technological Research (TISTR). The AgNPs 

samples were adjusted the concentration to be the same based on the data obtained from 

EDXRF by diluting it in water. The 5 × 105 CFU/mL of mid-log phase test pathogens 

were seeded onto MHA plates. Then, a hole with a diameter of 6-8 mm was punched 

aseptically with a sterile cork borer, and a volume of 100 µL of 0.2 mg/mL AgNPs 

samples was introduced into the well. The plates were incubated at 37°C. After 24 h, 

antibacterial activity was recorded by measuring the diameter of the zone of inhibition 

(Abirami and Kannabiran, 2016).  
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2.3.7 Cytotoxicity assay 

The cytotoxicity evaluation of synthesized AgNPs was evaluated against 

NIH-3T3 mouse embryonic fibroblast cell lines. The 104 cells were cultured using 

DMEM supplemented with 10% fetal bovine serum (FBS) and 1% antibiotics 

(Penicillin, Streptomycin) in a 96 culture well plate for 24 h to allow attachment of the 

cells onto the well surface. After 24 h, the medium was substituted with serum-free 

medium containing synthesized AgNPs and incubate it at 37°C, 5% CO2 for 24 h. The 

Ag nanopowder (Sigma) was used as a control. The MTT assay was used to determine 

the viability of the treated cells. The medium in wells was removed and 10 µL of 5 

mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, 

Invitrogen™) on phosphate buffer saline (PBS) was added, followed by adding 100 µL 

of sterile PBS. The cells were incubated for 4 h at 37°C, 5% CO, the formazan crystals 

formed were solubilized by remove MTT solution and adding 50 µL DMSO to the 

wells. The absorbance was determined at 540 nm using spectrophotometer (Thermo 

Scientific Multiscan GO, Finland).  

2.3.8 Statistical analysis  

The statistical analysis of the data was executed using independent sample 

t-test and one-way analysis of variance (ANOVA) using IBM SPSS Statistics Version 

23. To determine the significant difference between groups on ANOVA analysis, 

Tukey’s test was applied with p < 0.05.   

 

 

https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Methyl
https://en.wikipedia.org/wiki/Thiazole
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2.4 Results 

2.4.1 Identification of Streptomyces SSUT88A 

A total of 112 Streptomyces isolates were successfully isolated from soil 

samples of Sekaerat Environmental Research Station and screened for their 

antimicrobial activity. Five isolates showed the antimicrobial activity and two of them 

were chosen for the synthesis of AgNPs. The Streptomyces sp. SSUT88A showed an 

ability for the synthesis of AgNPs and used for further experiment. The colony 

morphology of Streptomyces sp. SSUT88A was velvety with white substrate mycelium. 

The grey spore was produced from aerial mycelium after 9 days of incubation (Figure 

2.4). Strain SSUT88A also released diffusible yellowish pigment on ISP2, MHA, and 

starch casein agar (SCA) media.  

 

   

 

Figure 2.4 Colony morphology of Streptomyces sp. SSUT88A on ISP2 media. 
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The Streptomyces sp. SSUT88A’s 16s rRNA gene sequence was amplified 

using 27F and 1525R primers. The 16s rRNA PCR product was purified and submitted 

for sequencing. The obtained 16s rRNA gene sequence was blasted and aligned with 

the online 16s rRNA sequence database from EzBioCloud. The 16s rRNA gene 

sequence of Streptomyces sp. SSUT88A shows 98.8% similarity to Streptomyces 

chiangmaiensis TA4-1T. The phylogenetic relationship between SSUT88A and closely 

related species was determined based on 16s rRNA gene sequence. The tree was 

constructed by the neighbor-joining method with 1,000 bootstraps. The result showed 

that SSUT88A formed a distinct clade with S. chiangmaiensis TA4-1T and 

Streptomyces lannaensis TA4-8TT (Figure 2.5). From blast result, it was closely related 

to S. chiangmaiensis TA4-1T with 98.8% identity. Hence, SSUT88A could be identified 

as Streptomyces chiangmaiensis, or it might be possible to be a candidate for new 

species.  
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Figure 2.5 Neighbor-joining tree of Streptomyces sp. SSUT88A and closely related 

species based on 16s rRNA gene sequence. The 16s rRNA region was aligned by using 

ClustalW. The neighbor-joining tree was generated using MEGAX software. The 

number at the nodes indicate levels of a bootstrap based on 1,000 resampling. The scale 

bar indicates 0.010 substitutions per nucleotide position. Nocardia alba YM 30243T 

was used as an outgroup. 

 

2.4.2 Biosynthesis of AgNPs and UV-Vis spectroscopy analysis 

The current study focused on the synthesis of AgNPs using intracellular 

and extracellular cell-free supernatant of Streptomyces sp. SSUT88A as reducing 

agents. The synthesis of AgNPs was done by mixing either intracellular or extracellular 

cell-free supernatant with 1 mM AgNO3 and incubate it at 37°C under 200 rpm shaking 
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condition for 2 and 5 days, respectively. The synthesized AgNPs from intracellular cell-

free supernatant and extracellular cell-free supernatant were designated as IS-AgNPs 

and ES-AgNPs, respectively. After incubation, the color of a mixture was changed from 

light yellow to brown, as shown in Figure 2.6 and Figure 2.7 number 2. No color change 

was observed from negative control where cell-free supernatant was substituted with 

either DI (Figure 2.6, number 3) or ISP2 (Figure 2.7, number 3). 

 

  

 

Figure 2.6 Visible observation of biosynthesis IS-AgNPs by Streptomyces sp. 

SSUT88A. (1). AgNO3; (2). Cell-free supernatant+AgNO3 (IS-AgNPs); (3). 

DI+AgNO3; (4). Cell-free supernatant. 
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Figure 2.7 Visible observation of biosynthesis ES-AgNPs by Streptomyces sp. 

SSUT88A. (1). AgNO3; (2) Cell-free supernatant+AgNO3 (ES-AgNPs); (3). 

ISP2+AgNO3; (4). Cell-free supernatant. 

 

The synthesized AgNPs, cell-free supernatant, and AgNO3 were scanned with 

UV-Vis spectroscopy, and the spectra showed in Figure 2.8. The UV-Vis spectroscopy 

analysis indicated the maximum absorbance at 418 nm and 422 nm for IS-AgNPs and 

ES-AgNPs, respectively, correspond to the AgNPs absorption spectrum. No AgNPs 

absorption spectrum from only cell-free supernatant or AgNO3 was observed after 

incubation, as shown in Figure 2.8. 
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Figure 2.8 UV-Vis spectra of IS-AgNPs and ES-AgNPs. 

 

2.4.3 Particle size and zeta potential analysis of synthesized AgNPs. 

The size distribution of IS-AgNPs and ES-AgNPs were determined using 

dynamic light scattering (DLS). The colloidal samples were measured by dispersing the 

AgNPs sample in water. For IS-AgNPs, DLS analysis showed nanoparticles with an 

average size of 77.03 nm, while the ES-AgNPs was higher (82.44 nm) (Figure 2.9).  
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Figure 22.9 The particle size distribution from DLS measurement. (a) IS-AgNPs and 

(b) ES-AgNPs. 

 

The stabilization of synthesized AgNPs was confirmed by measuring its zeta 

potential. The zeta potential value of the IS-AgNPs and ES- AgNPs were -32 mV and 

-27.9 mV, respectively, indicating the presence of negative repulsion among the 

nanoparticles, as shown in Figure 2.10.  
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Figure 2.10 Zeta potential of (a) IS-AgNPs and (b) ES-AgNPs. 

 

2.4.4 XRD analysis of synthesized AgNPs 

The X-ray diffraction spectra profile of synthesized AgNPs were obtained 

by XRD, as seen in Figures 2.10 and 2.11. Both synthesized AgNPs express the intense 

peaks of AgNPs at 38.11°, 44.27°, 64.42°, and 77.47° that corresponding to (111), 

(200), (220), and (311) planes of face-centered cubic (fcc) of metallic silver based on 

the Standard Joint Committee for Powder Diffraction Set (JCPDS files).  
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Figure 2.11 X-ray diffraction pattern of IS-AgNPs. 

 

Figure 2.12 X-ray diffraction pattern of ES-AgNPs. 

 

2.4.5 FT-IR analysis of synthesized AgNPs 

The FTIR was carried out to determine the possible biomolecules 

responsible for reducing and capping AgNPs. The intracellular cell-free supernatant of 

Streptomyces sp. SSUT88A showed a maximum peak at 3371.7 cm-1, correspond to the 

O-H stretching. The peak at 1594.98 cm-1 was a broad peak that correspond to O-H 

scissors which contain C-N stretching and N-H stretching. The C-H bending peak was 
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observed at 1405.92 cm-1. Also, the C-O-C stretching was observed at 1082.14 cm-1 

(Figure 2.13). In contrast, the IS-AgNPs showed maximum absorption peaks at 3476.01 

that correspond to the O-H stretching, 1668.86 and 1629.75 correspond to the C=O 

stretching of amide I, 1382.02 cm-1 correspond to the C-N stretching of amide III, and 

834.41 cm-1 correspond to the C-N stretching.  

 

 

Figure 2.13 FTIR spectra of intracellular cell-free supernatant and IS-AgNPs of 

Streptomyces sp.  SUT88A. 

 

The FTIR spectra of extracellular cell-free supernatant of Streptomyces sp. 

SSUT88A and ES-AgNPs showed in Figure 2.14. In the extracellular cell-free 

supernatant, the absorption peaks at 3315.2 cm-1 correspond to the O-H stretching, 

1592.8 cm-1 was a broad peak that correspond to O-H scissors which contain C-N 

stretching and N-H stretching. The peak at 1408.1 cm-1 correspond to the C-H and 
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1073.4 cm-1 correspond to the C-O-C stretching were observed. On the other hand, the 

ES-AgNPs showed maximum absorption peaks at 3384.7, 1594.8, 1405.9, and 1079.9 

cm-1, which represent O-H stretching, O-H scissors, N-H stretching and C-O-C 

stretching, respectively.  

 

 

Figure 2.14 FTIR spectra of extracellular cell-free supernatant and ES-AgNPs of 

Streptomyces sp.  SUT88A. 

 

2.4.6 XANES analysis of synthesized AgNPs 

The XANES was conducted to investigate the oxidation state of different 

synthesized AgNPs. The colloidal AgNPs sample was placed on thin-film for XAS 

investigation. AgNO3 and Ag nanopowder (Sigma) was used as a standard for Ag+ and 

Ag0, respectively. Different L3 edge of XANES spectra profiles of AgNO3 and Ag 

nanopowder obtained from the XANES measurement (Figure 2.15). This result proved 

that the silver in the AgNO3 and Ag nanopowder was in a different state. The spectra 
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of IS-AgNPs and ES-AgNPs show a clear profile of similar spectrum to Ag nanopowder 

instead of AgNO3. This XANES spectrum revealed that the silver in both synthesized 

AgNPs was in the form of nanoparticle. Therefore, the Ag+ was completely reduced 

into Ag0 during the synthesis process.  

 

 

Figure 2.15 XANES spectra of L3 edge of AgNO3, Ag nanopowder, IS-AgNPs and ES-

AgNPs photon energy. 

 

2.4.7 TEM and EDXRF analysis of synthesized AgNPs 

TEM was applied to determine the size and shape of synthesized AgNPs. 

The TEM image of synthesized AgNPs from cell-free supernatant of Streptomyces sp. 

SSUT88A showed a spherical form. The size of the IS-AgNPs was varied, ranging from 

6.1 to 23.75 nm, with an average size around 13.57 nm. While the size of the ES-AgNPs 

was significantly larger than intracellular AgNPs (p<0.05). It was varying between 

15.35 and 47.68 nm, with 30.47 nm on average, as shown in Figure 2.16. The obtained 

particle size was smaller than the obtained particle size from DLS.  
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Figure 2.16 Morphology and size distribution of the synthesized AgNPs based on TEM 

imaging. a) morphology of IS-AgNPs; b) size distribution of IS-AgNPs; c) morphology 

of ES-AgNPs; and d) size distribution of ES-AgNPs. Scale bar = 10 nm, n= 35. 

 

The dispersive energy of XRF was used to determine the elemental 

composition within the sample. The result exhibits clear identification of the elemental 

composition of Ag at 3 kV in both IS-AgNPs and ES-AgNPs. The amount of Ag in the 

IS-AgNPs was lower than ES-AgNPs. According to the EDXRF observation, the 

amount of Ag in the IS-AgNPs and ES-AgNPs was 21.93% and 49.09%, respectively. 

The signal of carbon (C), nitrogen (N), oxygen (O), silicon (Si), and phosphorus (P) 

was able to detect from both IS-AgNPs and ES-AgNPs (Figure 2.17). These elements 
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in the synthesized AgNPs due to a signal of enzymes or protein in the cell-free 

supernatant.  

    

 

Figure 2.17 Energy dispersive spectra of AgNPs obtained from Streptomyces sp. 

SSUT88A. (a). IS-AgNPs and (b). ES-AgNPs.  

 

2.4.8 Antimicrobial activity of AgNPs 

The antibacterial activities of synthesized AgNPs from cell-free 

supernatant of Streptomyces sp. SSUT88A against selected bacterial showed in Table 

2.3. The antimicrobial activity of synthesized AgNPs was performed using the agar 

well diffusion method. According to the EDXRF result, the amount of Ag in the IS-
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AgNPs and ES-AgNPs was 21.93% and 49.09%, respectively. This data was used to 

prepare AgNPs samples for antimicrobial activity assay by adjusting each sample in the 

same concentration of AgNPs. The different fraction of the cell-free supernatant was 

not only producing the distinct character of AgNPs but also exhibit different 

antimicrobial activity. The inhibition zone of IS-AgNPs against clinical drug-resistant 

isolates A. baumannii, K. pneumoniae 1617, P. aeruginosa N90PS, E. coli 8465, and 

MRSA DMST 20654 was 20.3±1.7 mm, 12.6±1.5 mm, 20.3±0.5 mm, 22±1.7 mm, and 

18.6±0.5 mm, respectively. However, ES-AgNPs was active only against Gram-

positive bacterium, MRSA DMST 20654, with an inhibition zone of 9.1±1 mm. This 

antimicrobial activity against MRSA 20654 was similar to the antimicrobial activity of 

extracellular cell-free supernatant. Thus, the exerted antimicrobial activity of ES-

AgNPs might derived from the supernatant.  

 

 Table 2.2 Comparison of antimicrobial activity of IS-AgNPs and ES-AgNPs 

Drugs-resistant 

pathogen 

Inhibition zone (mm) 

Intracellular Extracellular 

AgNPs Supernatant AgNPs Supernatant 

A. baumannii 20.3±1.7 0 0 0 

K. pneumoniae 1617 12.6±1.5 0 0 0 

P. aeruginosa N90PS 20.3±0.5 0 0 0 

E. coli 8465 22±1.7 0 0 0 

MRSA DMST 20654 18.6±0.5 0 9.1±1 8.7±0.5 

 

2.4.9 Cytotoxicity assay of synthesized AgNPs 

The cytotoxicity activity of synthesized AgNPs on NIH-3T3 mouse 

embryonic fibroblast cell lines was examined by the MTT assay method. After 24 hours 

of incubation, the result demonstrated that IS-AgNPs and ES-AgNPs significantly 
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reduced the viability of NIH-3T3 cells. There was no reduction in cell viability in the 

treatment of Ag nanopowder (Figure 2.18). However, the decrease of cell viability was 

much higher when cultivated in the presence of IS-AgNPs than ES-AgNPs. The result 

also revealed that the IS-AgNPs and ES-AgNPs were toxic to the NIH-3T3 cells.   

 

 

Figure 2.18 Cell viability of NIH-3T3 cell line after treated with AgNPs (n=3, p<0.05). 

 

2.5  Discussion 

Streptomyces species belong to the Streptomycetaceae family. They are 

abundant in soil habitat, especially in alkaline soil and the soil rich in organic matter. 

The members of this genus have been subjected to extensive isolation and screening 

due to their ability to produce a variety of bioactive metabolite such as antibacterial, 

antifungal, antiviral, anticancer, as well as several industrial important enzymes (Barka 

et al., 2016; Berdy, 2005; Labeda et al., 2012; Mehling et al., 1995). The presence of 

Streptomycetes on the soil depends on the climate, surrounding area condition, and soil 
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quality (Harir et al., 2018). In this study, the Streptomyces sp. SSUT88A was isolated 

from a soil sample collected at Sekaerat Environmental Research Station, Thailand.  

The rapid and accurate identification of bacterial isolate is needed. The use of 

phenotypic characteristics of bacteria for identification was not as precise as molecular 

identification. Thus, a 16s rRNA gene has been served as an essential tool to classify 

unknown bacterial isolate since this gene is highly conserved (Patel, 2001; Woo et al., 

2008). There are several features of the 16s rRNA gene as a phylogenetic marker that 

used for the study of bacterial phylogeny and taxonomy, including the presence of 16s 

rRNA gene in almost all bacteria, the function of this gene has not easily changed over 

the time, and the length of 16s rRNA gene is large enough to  provide distinctive and 

statistically valid measurements. The 16s rRNA gene consists of conserved and variable 

regions. The variable regions are applied to classify the group of bacteria (Clarridge, 

2004; Janda and Abbott, 2007). Several unusual phenotypic bacteria, rare bacteria, and 

uncultured bacteria have been identified based on 16s rRNA gene sequence. In the past 

recent years, the PCR technique has been used to amplify the 16s rRNA gene sequence. 

The overall steps included DNA extraction, PCR amplification, purification of PCR 

product, DNA sequencing, and sequence analysis (Woo et al., 2008).    

In the current study, the soil isolates Streptomyces sp. SSUT88A was identified 

based on the 16s rRNA gene. The assembly of 16s rRNA gene sequences produced 

1419 nucleotides. Streptomyces sp. SSUT88A shows 98.8% similarity to S. 

chiangmaiensis TA4-1T. The phylogenetic tree of SSUT88A was constructed by using 

the neighbor-joining method. The neighbor-joining method was proposed for 

phylogenetic tree construction from evolutionary distance data. This method’s principle 
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was to find the operational taxonomy unit (OTU) with minimum evolution. This 

method is also applicable to any evolutionary distance data (Saitou and Nei, 1987).  

The increasing phenomena of antibiotic-resistant bacteria happen due to the 

continuous use of antibiotics throughout the world. With the emerge of this infection, 

it is essential to look for a novel alternative antimicrobial agent (Gurunathan et al., 

2014; Thongkrachang et al., 2016). Currently, the application of nanotechnology is 

used not only in controlling the consumption of available antibiotics but also to combat 

antibiotic-resistant microorganisms (Banin et al., 2017).  The most applied 

nanomaterials in the biomedical field are AgNPs that achieve remarkable attention as 

novel antimicrobial agents (Naqvi et al., 2013).  

Nowadays, the preparation of AgNPs gaining significant interest due to their 

unique properties. There are three available approaches for the AgNPs synthesis, e.g., 

chemical, physical, and biological synthesis. Among these known methods, biological 

synthesis provides an eco-friendly approach without using hazardous substances 

(Iravani et al., 2014; Manikprabhu and Lingappa, 2013). Streptomyces have been 

proved as nano factories for developing non-toxic and clean procedures to synthesis of 

silver and gold nanoparticles (Harir et al., 2018). Due to the surface plasmon resonance 

of metal nanoparticle, the AgNPs exhibit striking colors from light yellow to brown 

during the synthesis. The appearance color change is a clear indicator of the reduction 

of Ag+ to Ag0 (Sastry et al., 2014). Abd-Elnaby et al. reported the color changes from 

yellow to brown on the biosynthesis of AgNPs using S. rochei MHM13 cell-free 

supernatant after 5 days incubation. Mohamedin et al. had also shown a similar 

observation in the extracellular mechanism synthesis of AgNPs by S. viridodiastaticus 

SSHH-1. In the current study, the UV-Vis absorbance was used to indicate the synthesis 
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process (Data in appendix). The different incubation time was observed for the 

synthesis of AgNPs between intracellular and extracellular cell-free supernatant. The 

synthesis of AgNPs from intracellular cell-free supernatant require 5 days incubation. 

While 2 days of incubation was required for the synthesis of AgNPs using extracellular 

cell-free supernatant. This process tends to take longer than the biosynthesis of silver 

nanoparticles using other reducing agents such as using cell-free supernatant of 

Streptomyces sp. BU3, which only takes 30 minutes for the synthesis of AgNPs 

(Krishnakumar and Bai, 2015). After the incubation of cell-free supernatant of 

Streptomyces sp. SSUT88A with 1 mM AgNO3 showed a change of the solution color 

from light-yellow to brown. This evidence was a clear indicator of reduction Ag+ to Ag0 

through reducing agents that contain in the cell-free supernatants of Streptomyces sp. 

SSUT88A. The exact mechanism of Ag+ reduction into Ag0 remains unclear. Several 

researchers proposed nicotinamide adenine dinucleotide (NADH) and reduced form of 

nicotinamide adenine dinucleotide phosphate (NADPH) that released from bacterial 

cells play a significant role as reducing agent (Kumar et al., 2007; Mukherjee et al., 

2018; Ovais et al., 2018; Talekar et al., 2016). 

For the primary characterization of synthesized AgNPs, UV-Vis spectroscopy 

was used because it is an easy and reliable technique to monitor the synthesis and 

stability of AgNPs. The absorbance of AgNPs ranges from 380 to 450 nm, which 

corresponds to the SPR absorbance of AgNPs (Coronado et al., 2011; Zhang et al., 

2016). Abd-Elnaby et al. mentioned that the synthesis of AgNPs using S. rochei 

MHM13 shows the maximum absorbance at 410 nm. Similar results were also shown 

by Faghri Zonooz and Salouti (2011) and Abirami and Kannabiran (2016). In the 

current study, both IS-AgNPs and ES-AgNPs exhibit a sharp peak at 418 and 422 nm, 
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respectively, which confirm the presence of AgNPs. The increase of absorbance in the 

ES-AgNPs indicated an increase in the number of particles that absorb the UV-Vis. The 

λmax of the samples reflects an alteration of size, shape, and the scattering color of 

AgNPs. As diameter increases, the peak plasmon resonance of AgNPs is broader and 

shifted to longer wavelengths (Brause et al., 2002; Coronado et al., 2011; Evanoff and 

Chumanov, 2004; Lee and Jun, 2019; Paramelle et al., 2014).  

Zeta potential analysis was used to determine the long-term stability of 

nanoparticles and surface charge of the nanoparticles. The value of nanoparticles zeta 

potential ranges from +100 mV to -100 mV. A stable nanoparticle shows the zeta 

potential value of more than +30 mV or less than -30 mV (Honary and Zahir, 2013; 

Saeb et al., 2014; Zhang et al., 2008). The negative or positive value of zeta potential 

was determined by the capping or stabilizing agent used during the synthesis. 

Tamiyakul et al. reported that the use of poly(4-styrene sulfonic acid-co-maleic acid) 

(PSSMA) as a capping agent for the chemical synthesis AgNPs gives a higher zeta 

potential value than uncapping AgNPs. A higher value of zeta potential leads to an 

increase in stability due to the electrostatic interaction (El Badawy et al., 2011; 

Tamiyakul et al., 2015). In the biological synthesis of AgNPs using red algae 

Poryphyraa vietnamensis, the presence of polysaccharide was not only involved in the 

reduction of AgNO3, but also contributed to the electrostatic stability of the particles. 

The stability of the AgNPs from red algae was indicated by the presence of anionic 

polysaccharide as a capping agent and zeta potential value -35.05 mV (Venkatpurwar 

and Pokharkat, 2011). The negative zeta potential value was also reported by 

Scandorieiro et al. (2016) on the biosynthesis of AgNPs using Fusarium oxysporum 

and Ninganagouda et al. (2014) on the biosynthesis AgNPs using Aspergillus niger. In 
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the current study, the zeta potential value of IS-AgNPs and ES-AgNPs was -32 mV and 

-27.9 mV, respectively. The zeta potential measurement suggested that the surface 

charge of both AgNPs are negative and well dispersed in the water. Thus, the different 

cell-free supernatant used for the synthesis of AgNPs also reflected the changes in zeta 

potential value due to the presence of the biological molecules that involved in the 

capping and stabilizing agents. The presence of stabilizing agents from the cell-free 

supernatant was one of the advantages of using the biological method to synthesize 

AgNPs since it can prevent the AgNPs from aggregation. the result of this study 

indicated the ES-AgNPs were less stable since their zeta potential value was lower than 

IS-AgNPs. 

XRD analysis was used to identify the crystalline structure at the atomic scale 

of nanomaterials. The principle of XRD is when X-ray light reflects on any crystal, it 

will lead to the formations of several diffraction patterns. This pattern indicates a 

reflection of the physio-chemicals characteristics of the materials (Zhang et al., 2016). 

The crystalline structure of both synthesized AgNPs was further confirmed using XRD. 

The result revealed the formation of AgNPs in both of the AgNPs samples by the 

expression of diffraction peak of AgNPs that correspond to reflection (111), (200), 

(220), and (331) of face-centered cubic (FCC) structure of metallic silver. This finding 

was in similar to the report of synthesized AgNPs by biological method 

(Anandalakshmi et al., 2016; Chauhan et al., 2013; de Barros et al., 2018; Naqvi et al., 

2013; Nélly et al., 2017; Syed et al., 2016).  

In the synthesis of AgNPs, it is important to understand the kinetics of the 

reaction and know the nature of the metal form present in the synthesized AgNPs. XAS 

was useful in revealing the chemical state of an element by determining the local atomic 
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coordination and oxidation state of materials. This method gives information on the 

relative structure to a known atomic type and type of the surrounding atom by 

measuring the dependence energy of their electron scattering factors. The principle of 

XAS, the x-ray will hit an atom in the sample that causing excitation or ejection of a 

core electron. Then, the absorption can be qualified by measuring the fluorescent 

emitted by the excited electron. The XAS includes two main components, which are 

extended absorption fine structure (EXAFS) and X-ray absorption near-edge 

spectroscopy (XANES). The EXAFS provides more structural information of 

neighboring an element, whereas XANES reveals the chemical state of the element 

(Calvin, 2013; Koningsberger and Prins, 1988; Parra Berumen et al., 2009). Therefore, 

XANES spectroscopy is a powerful tool for probing the oxidation state and 

coordination environment of a chosen element. The result of XANES showed that the 

synthesized AgNPs are in the metallic nanoparticle states, without any AgNO3 

component. The Ag+ from AgNO3 was successfully reduced to Ag0 in both IS-AgNPs 

and ES-AgNPs. Because both of AgNPs have a similar pattern of energy as Ag 

nanopowder (SIGMA). The different profile energy of XANES spectra between 

AgNO3 and AgNPs was also reported by Godfrey et al. (2020) on reducing AgNO3 by 

citrate. Therefore, the XAS is a useful tool for the analysis of nanoparticle structure.  

The potential biomolecules present in the synthesized AgNPs that responsible 

for reducing Ag+ to Ag0 was analyzed using FT-IR. The functional group that appears 

in the AgNPs might act simultaneously as a reducing, stabilizing, and capping agents 

(Gurunathan et al., 2014). The biomolecules that present in the cell-free supernatant of 

bacteria, such as protein, enzymes, inorganic complexes, and bio-surfactants, serve as 

reducing agents and capping or stabilizing agents (Abdelghany et al., 2018; Siddiqi et 
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al., 2018). Mohamedin et al. (2014) reported that the presence of an amine group from 

the FTIR spectra of synthesized AgNPs using Streptomyces viridodiastaticus SSHH-1 

indicated the presence of proteins that released into the cell-free supernatant involved 

in the reduction agent and acts simultaneously as a capping agent. The presence of a 

capping agent gives an advantage to AgNPs because it can prevent the particles from 

aggregation or agglomeration (Abirami and Kannabiran, 2016). Based on the FTIR 

results, it was known that the protein involves in the synthesis of IS-AgNPs. However, 

a shift in several peaks after the formation of IS-AgNPs was observed. The O-H and C-

O-C stretching peaks at 3371 and 1082 cm-1 region which have been found to appear at 

3476 and 841 cm-1 in the IS-AgNPs. The broad peak at 1594 cm-1 was changed to amide 

I form at 1668 and 1629 cm-1. A band at 1405 cm-1 has been assigned to C-N stretching 

of amide III was to 1382 cm-1. On the other hand, O-H stretching, O-H scissors 

containing C-H and N-H stretching, and C-O-C stretching were observed from 

extracellular cell free supernatant and ES-AgNPs. The band of each functional groups 

of ES-AgNPs were appeared in the same region of spectrum as extracellular cell-free 

supernatant. These spectral results suggest that protein involved in the reduction and 

stabilization of AgNPs in aqueous conditions.  

TEM is the most valuable tool to study the size and morphology of nanoparticle 

(Gurunathan et al., 2014). The result showed that the shape of both synthesized AgNPs 

were spherical. A spherical shape is a common form of biological synthesis AgNPs by 

microbes (Mohamedin et al., 2015; Shivaji et al., 2011). A spherical shape of 

synthesized AgNPs was similar to the report of Abirami and Kanabiran (2017), Abd-

Elnaby et al. (2016), and Karthik et al. (2014), who synthesis AgNPs via S. ghanaensis 

VITHM1, S. rochei MHM13, and Streptomyces sp. LK3, respectively. Our result also 
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indicated that different cell-free supernatant used for a synthesis produces different 

sizes of AgNPs. The size of the ES-AgNPs was larger than IS-AgNPs from the TEM 

image. This result was correlated to the size obtained from the DLS: 77.03 nm for IS-

AgNPs and 82.44 nm for ES-AgNPs. However, the average size of the AgNPs obtained 

in DLS was larger than the calculated size from TEM. Anandhalaksmi et al. (2006) had 

shown a similar observation on the determination particle size of AgNPs synthesized 

from Pedarium murex leaf extract using TEM and DLS. The particles size measured by 

DLS was larger than measured by TEM. It is probably due to the size of particles that 

measured by DLS includes the hydrodynamic size of the particle. The hydrodynamic 

sized measured by DLS defined as the size of hypothetical spere with the same 

translational diffusion coefficient as the measured particle, assuming a hydration layer 

surrounding the particle (de Barros et al., 2018). The factors that affect the size and 

shape of nanoparticles are the type of reducing agent, the concentration of reducing 

agents, and temperature during the synthesis (Kim et al., 2016; Pillai and Kamat, 2004). 

Therefore, the different sizes between IS-AgNPs and ES-AgNPs might be caused by 

different reducing agents present in the cell-free supernatant. 

To analyze the chemical composition of synthesized AgNPs, the EDXRF was 

used. This technique was used to determine the relative element composition of the 

sample, where calibration and samples of known concentrations do not exist. Both of 

synthesized AgNPs generated the Ag spectrum on 3 kV. The Ag spectrum between 3-

4 kV indicates a signal for metallic silver (Mohamedin et al., 2015). The presence of 

Ag in the ES-AgNPs was two times higher than IS-AgNPs. Other components, such as 

carbon, nitrogen, sodium, and silica detected in the colloidal sample of AgNPs, might 

come from cell-free supernatant.  
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The nanoparticles are known as relatively toxic than larger material. The surface 

properties of AgNPs including size, shape, surface charge, stability and capping or 

stabilizing agents play an important role to the interaction with a microorganism or 

other cell that give an effect to the antimicrobial and toxicity properties (Niska et al., 

2016; Mohanty et al., 2012; Siddiqi et al., 2018). It has been known that the smaller 

nanoparticles the higher bactericidal effect. Since the smaller nanoparticles have a large 

surface area for interaction with bacterial cells and they can easily adhere to the 

bacterial cell components (Gurunathan et al., 2014; Prabhu and Poulose, 2012; Siddiqi 

et al., 2018). In the current study, the ES-AgNPs only inhibit the MRSA DMST 20654, 

while IS-AgNPs inhibit A. baumannii, K. pneumoniae 1617, P. aeruginosa N90PS, E. 

coli 8465, and MRSA DMST 20654. No antimicrobial activity was observed from 

intracellular cell-free supernatant. On the other hand, the extracellular cell-free 

supernatant only showed antimicrobial activity against MRSA DMST 20654. This 

antimicrobial activity was possibly due to the antimicrobial activity of Streptomyces sp. 

SSUT88A against Gram-positive bacteria as shown on the appendix page. The different 

antimicrobial activity of the synthesized AgNPs could be due to the different size, 

capping agent, surface charge, stability of materials and type of pathogens. The particle 

size of IS-AgNPs is smaller than ES-AgNPs, inconsequence the IS-AgNPs might 

provide better antimicrobial activity compared to the ES-AgNPs. The presence of 

biological molecules in the cell-free supernatant used for the synthesis play role as 

capping and stabilization agents and gave a difference in the zeta potential value which 

led to the stability of the AgNPs. The IS-AgNPs were more stable than ES-AgNPs 

based on zeta potential value.  Hence, different capping or stabilizing agents, surface 

charge, and stability on the synthesized IS-AgNPs and ES-AgNPs serve different 

 



 
56 

 

 

antimicrobial activity. The antimicrobial activity of AgNPs against resistant pathogens 

was previously reported by Yuan and co-workers (2017). They synthesized AgNPs 

using quercetin showed excellent antimicrobial activities against the MDR S. aureus 

and P. aeruginosa. Recently, spherical AgNPs were produced using Penicillium 

polonicum and present antimicrobial activity against MDR A. baumannii (Neethu et al., 

2018). Therefore, the AgNPs can be used as a promising antimicrobial agent against 

multidrug resistant bacteria.  

Several studies have proposed that the mechanism of the bactericidal effect of 

AgNPs is due to the binding of AgNPs to the surface of the bacterial cell membrane, 

thus disrupting the cell permeability. The binding of AgNPs to the cell membrane also 

impair bacterial respiration leading to an increase in ROS generation (Gurunathan et 

al., 2014; Manikprabhu and Lingappa, 2013; Prabhu and Poulose, 2012; Siddiqi et al., 

2018). Several investigations have reported that the surface charge of AgNPs affects to 

the bactericidal properties, especially in the interaction with bacterial cells. The positive 

charge of AgNPs was most effective, while the negative charge of AgNPs was least 

effective (Abbaszadegan et al., 2015; El Badawy et al., 2011). Related to the negative 

zeta potential of AgNPs, Maillard et al. (2018) reported that the zeta potential of the E. 

coli membrane became more negative by the interaction with negative zeta potential 

AgNPs. The increase of negative charge indicating interfacial interaction where AgNPs 

keep absorbed to the membrane via the insertion of capping agents of AgNPs into the 

bilayer lipid of bacteria. The interaction of AgNPs with the bacterial cell membranes 

might also inhibit bacterial cell proliferation by damaging the cell structure, including 

cell envelope, cytoplasmic membrane, and the membrane’s content. When AgNPs enter 

the cell, they could bind to cellular structures and biomolecules such as DNA, proteins, 
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and lipids. The interaction of AgNPs with DNA leads to DNA condensation and loss 

of their replication abilities. Additionally, the interaction of AgNPs with ribosomes may 

cause denaturation of ribosomes leading to the inhibition of translation and protein 

synthesis (Dakal et al., 2016; Feng et al., 2000; Mohamed et al., 2020a; Woo et al., 

2008). Mohamed et al. (2020) reported that the penetration of AgNPs to the E. coli cells 

could cause cell damage. Wintachai et al. (2019) reported that the AgNPs synthesized 

from Eucalyptus citriodora triggered DNA condensation and bacterial cell death on 

MDR A. baumannii. The biosynthesis of AgNPs from quercetin cause an increase in 

the production of ROS and leakage of protein and sugar on multidrug-resistant P. 

aeruginosa and S. aureus (Yuan et al., 2017). 

Cytotoxicity study of AgNPs was conducted using NIH-3T3 mouse embryonic 

fibroblast cell lines and examined by MTT assay. MTT is a common method used for 

in vitro cytotoxicity evaluation of nanoparticles. Therefore, this result could provide 

information on the potential risk of AgNPs to humans, especially in the development 

of safe practices for the application of AgNPs. The result revealed that synthesized 

AgNPs produced toxicity by significantly reducing the cell viability of NIH-3T3 cells. 

While the treatment of Ag nanopowder was not toxic as the percentages of cell viability 

were not significantly different compared to the negative control. The treatment of IS-

AgNPs reduces almost 100% of NIH-3T3 cell viability in both concentrations used. 

While 50.4% and 51.7% of cell viability were observed after treated with 0.109 mg/mL 

and 0.054 mg/mL of ES-AgNPs, respectively. Thus, the IS-AgNPs provide higher 

cytotoxicity to the NIH-3T3 cell lines than ES-AgNPs. The cytotoxic activity of 

biosynthesized AgNPs using myricetin on NIH-3T3 cells was reported before by 

Gurunathan et al. (2018). The treatment of AgNPs induced loss in cell proliferation and 
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cell viability in a dose-dependent manner. Lee et al. (2014) and Sambale et al. (2015) 

were also shown similar observations on the cytotoxic activity of AgNPs against NIH-

3T3 cell lines. Carlson et al. (2008) had also reported that smaller particle (15 nm) 

exhibited higher toxicity than bigger size (55 nm). The toxicity was indicated by the 

decreased cell viability of alveolar macrophage which also followed by the increase of 

ROS generation. The toxicity was also reported in a dose-dependent manner. 

Furthermore, Kim et al. (2012) found that 10 nm AgNPs were more toxic to the 

MC3T3-E1 mouse osteoblast cell lines than 50 nm and 100 nm AgNPs. The toxicity of 

AgNPs into mammalian cell lines was depended on the capping agents and cell type. 

Netchareonsirisuk et al. (2016) reported that alginate-capped AgNPs provide higher 

toxicity to A375 human melanoma cell lines than CCD-986SK human normal skin 

fibroblast cells. In the current study, low toxicity of Ag nanopowder compared to the 

synthesized AgNPs can be explained in the term of different size and capping agent. It 

was known that the size of Ag nanopowder, IS-AgNPs, and ES-AgNPs was around 100 

nm, 13.57 nm, and 30.47 nm, respectively with different capping agents. Thus, the 

differences in the cytotoxic activity of both AgNPs and Ag nanopowder could be due 

to the different size, capping and stabilizing agent of each.   

Liao et al. (2019) mentioned that the cellular uptake of AgNPs might occur via 

translocation, endocytosis, or phagocytosis. When the cell was exposed to AgNPs, the 

AgNPs will attach to the cell membrane and internalized into cells. The AgNPs were 

reported to be accumulated in the cytoplasm and gathered in the perinucleus of human 

embryonic stem cell-derived fibroblast and L-929 cells (Peng et al., 2012). Another 

report mentioned that the treatment of AgNPs to NIH-3T3 cells caused alteration in cell 

morphology, including shrinkage, few cellular extensions, and accumulation of AgNPs 
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in the cytoplasm (Lee et al., 2014). The internalization of AgNPs into the cytoplasm 

can generate ROS, leading to DNA damage, protein denaturation, and apoptosis. The 

accumulation of AgNPs in mitochondria induces mitochondrial dysfunction by 

reducing mitochondrial membrane potential and ROS generation (Liao et al., 2019). 

Usually, the increase of cellular ROS level are followed by the depletion of glutathione 

(GSH), mitochondrial dysfunction, increased malondialdehyde (MDA) levels, 

decreased antioxidants levels, and release of lactate dehydrogenase (LDH) that lead to 

the protein and DNA damage (Carlson et al., 2008; Gurunathan et al., 2018; Hsin et al., 

2008; Hussain et al., 2005; Liao et al., 2019). Moreover, the interaction of AgNPs with 

membrane protein caused activation of signalling pathways which led to the cell 

proliferation inhibition (Liao et al., 2019). In NIH-3T3 cells, the treatment of AgNPs 

induced apoptosis, indicated by the release of cytochrome c into the cytosol and 

translocation of Bax to mitochondria (Hsin et al., 2008). The cytotoxicity of AgNPs 

was also reported against several cancer cells, such as human cervical cancer cell 

(HeLa), MCF-7 human breast cancer, HCT116 colon cancer cells, and A549 lung 

cancer cell (Al-Sheddi et al., 2018; Al Sufyani et al., 2019; Gomathi et al., 2020; 

Mfouo-Tynga et al., 2014). Hence, the cytotoxicity of AgNPs could be due to the size-, 

dose-, and time-dependent caused by ROS generation, oxidative stress, and DNA 

damage. Moreover, due to the cytotoxic activity of IS-AgNPs, it gives an opportunity 

to be used as promising anticancer agents. Therefore, it suggested to test the cytotoxic 

activity of IS-AgNPs against several cancer cells for the future work.  

In conclusion, the soil sample Streptomyces were successfully isolated and 

identified based on molecular technique using the 16s rRNA gene sequence. The 

Streptomyces sp. SSUT88A exhibits 98.8% similarity to S. chiangmaiensis TA4-1T. 
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Streptomyces sp. SSUT88A has been exploited for the synthesis of AgNPs. The ES-

AgNPs show a larger size compared to the IS-AgNPs in both TEM and zeta sizer 

analysis. The IS-AgNPs showed antimicrobial activity against clinical isolate A. 

baumannii, K. pneumoniae 1617, P. aeruginosa N90PS, E. coli 8465, and MRSA 

DMST 20654. While the ES-AgNPs only show antimicrobial activity against MRSA 

DMST 20654. Furthermore, the IS-AgNPs produce higher cytotoxicity to NIH-3T3 cell 

lines than ES-AgNPs.  
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CHAPTER III 

SYNTHESIS OF STREPTOMYCES SP. PJ95 CRUDE 

EXTRACT-LOADED PVDF-HFP ELECTROSPUN 

NANOFIBERS 

 

3 SYNTHESIS OFNANOFIBERS 

3.1 Introduction 

The human skin provides an effective barrier to the environment, prevents the 

pathogen invasion, and protects the body from the chemical and physical attacks. On 

the other hand, the skin can also be injured because of wounding, surgery, or insect 

bites. The open wound might be easily infected by pathogens capable of causing 

systemic disease or localized disease (Jensen and Proksch, 2009; Singleton, 2004). To 

facilitate wound healing, the sterile dressing material is needed to avoid bacterial 

infection, promote the healing process, and provide a suitable environment for wound 

healing (Gizaw et al., 2018; Martins et al., 2008; Unalan et al., 2019). Therefore, a 

wound dressing that has antimicrobial activity and provides wound healing activity is 

needed.  

Nanofibers are potential candidate for the formulation of medical fabrics for 

wound healing and exhibit several characteristics that provide novel replacement 

dressing material. Electrospinning is a versatile method in which electrostatic forces 

are used to fabricate polymeric nanofibers. It is a simple and cost-effective method to 

produce a drug-containing fiber with small diameters and high surface area. Thus, the 
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electrospun nanofibers have been studied extensively for their application, advantages, 

and future developments (Gizaw et al., 2018; Song et al., 2017; Motealleh et al., 2014; 

Beachley and Wen, 2009; Ditaranto et al., 2018). Electrospun nanofibers provide 

physical protection to the wound and can be incorporated with drugs. The release rate 

from nanofibers can also be adjusted by changing the types and composition of the 

materials (Chou and Woodrow, 2017). The incorporation of natural and synthetic 

polymers gives advantages in the chemical structure’s stability and enhances the 

biological properties on the electrospinning method (Unalan et al., 2019; Martins et al., 

2008). The biocompatible and non-toxic natural polymers have been used to fabricate 

the electrospun nanofibers, such as chitosan, gelatin, cellulose, collagen, hyaluronic 

acid, keratin, and silk fibroin. In some cases, the natural polymers are difficult to spin 

due to their molecular structure (Gizaw et al., 2018; Khan et al., 2018; Chou et al., 

2015). The introduction of synthetic polymers, such as poly(l-lactide) (PLA), 

poly(glycolide) (PGA), and poly(lactide-co-glycolide) (PLGA), poly(ℇ-caprolactone) 

(PCL), polyurethane (PU), poly(vinylidene fluoride) (PVDF), polyvinyl alcohol 

(PVA), poly(ethylene oxide) (PEO), and polyvinyl pyrrolidone (PVP) provide a 

possible option for the fabrication of electrospun nanofibers (Xu et al., 2006, Gizaw et 

al., 2018). The fabrication of electrospun PVDF mats containing silver nanoparticles 

was firstly reported by Yuan et al. (2010) and showed good antibacterial activity against 

S. aureus and K. pneumoniae. The copolymer of PVDF with HFP provides excellent 

mechanical strength, outstanding chemical resistance, good thermal stability, and high 

hydrophobicity compared to the PVDF. PVDF-HFP has been successfully fabricated 

into electrospun nanofibers and used as membrane distillation (Fadhil et al., 2016; Gao 

et al., 2014; Lalia et al., 2012; Wang et al., 2018). The fabrication of electrospun 
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nanofibers using poly (vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) 

copolymers for antimicrobial wound dressing application has never been carried out. 

Therefore, in this study, the fabrication of electrospun nanofibers was carried out by 

using PVDF-HFP copolymer as a candidate for wound dressing material.   

Streptomycetes are an essential source of secondary metabolite with antibacterial, 

antifungal, anticancer, and anti-inflammation properties. (Thongkrachang et al., 2016; 

Berdy 2005; Mahajan et al., 2015). Streptomycetes belongs to the Streptomycetaceae 

family. They are Gram-positive, aerobic, and spore-producing bacteria. Streptomycetes 

are widely distributed in nature, especially soil habitat (Sripreechasak et al., 2014; 

Barka et al., 2016). Streptomyces sp. PJ95 reported to have antimicrobial activity 

against gram-positive and gram-negative pathogenic bacteria. This isolate revealed 

high similarity to Streptomyces luteosporeus NBRC14657T (Chanthasena and 

Nantapong, 2016).  

Many reports have been issued on the fabrication of electrospun nanofibers 

incorporated with antibiotics, nanoparticles, essential oils, and plant extract (Khan et 

al., 2019; Mohammadi et al., 2019; Pisani et al., 2019; Unalan et al., 2019; Vatankhah, 

2018; Yuan et al., 2010). However, the fabrication of PVDF-HFP electrospun 

nanofibers containing crude extract of Streptomyces with antimicrobial properties is 

still new. Therefore, this study aimed to fabricate antimicrobial electrospun nanofiber 

containing crude extract of Streptomyces sp. PJ95 by using PVDF-HFP as a polymer. 

The characterization of synthesized nanofibers and their antimicrobial and cytotoxicity 

activity were also investigated. 
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3.2 Literature review 

3.2.1 Electrospun nanofibers 

 The development of a potential nontoxic polymer that has an 

antimicrobial activity is needed. For this reason, researchers are looking for the 

structural parameters to determine the activity, structures, or mechanism of action to 

tune the polymer’s potency and toxicity (Álvarez-Paino et al., 2017). Three approaches 

were used to render biomaterials with antibacterial properties, including anti-adhesive, 

biocide release, and contact active antimicrobial modification (Xu et al., 2006). In the 

case of wound bandage or wound dressing, it is necessary to consider some of the 

properties, including the characteristic of wound type and wound healing time, as well 

as the physical, mechanical, and chemical properties of the bandages to achieve better 

aesthetic repair and higher healing rates of the wound. A common and simple method 

to manufacture nanoscale polymer fibers for wound dressing is electrospinning 

(Álvarez-Paino et al., 2017). Electrospinning is a fiber production process using 

electrostatic forces from the polymer solution to produce a fiber with 10 to 500 nm in 

diameter (Kurečič, 2013; Xu et al., 2006). The electrospun nanofibers are a suitable 

platform to fabricate new antimicrobial materials due to small size, high specific surface 

area, multi-scale porosity, high flexibility of surface functionalization, excellent fluid 

drainage, and gradual drug release rate (Motealleh et al., 2014; Song et al., 2017). Other 

advantages of electrospinning are low cost and relatively high production rate 

(Ramakrisna et al., 2006). 

Electrospinning has been successfully applied to synthesis nanofibers with 

diameters ten nanometers from various materials such as polymers, ceramics, small 

molecules, and their combination. They have broad-spectrum applications including 
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surface coating, energy harvesting, encapsulation of bioactive species, drug delivery, 

tissue engineering, regenerative medicine, environmental engineering (membrane and 

filters), and defense (chemical and biological protection sensors) (Gao et al., 2014; 

Khan et al., 2018; Ramakrishna et al., 2006; Song et al., 2017; Xue et al., 2017; Martins 

et al., 2008).   

 The principle of electrospinning is accessible and simple. The 

electrospinning machine consists of four major components (figure 3.1): a syringe 

pump to inject the fluid, high voltage power supply, spinneret or needle, and a collector 

to collect the fibers (Gao et al., 2014; Xue et al., 2017). Before running the sample into 

electrospinning, polymers are dissolved in appropriate solvents completely. The 

polymer fluid is then introduced into a syringe or capillary tube for electrospinning 

(Kurečič, 2013). The method of electrospinning begins when a small amount of 

polymer is slowly pumped out through the spinneret/needle. The products from the 

needle tend to be spherical droplet form. Still, in this case, a high voltage power supply 

is applied, so the electrostatic repulsion among the surface charges that the feature the 

same sign deforms the droplet into solid fibers (Gao et al., 2014; Xue et al., 2017; 

Martins et al., 2008). Several parameters that affect the nanofiber properties are solution 

properties, applied voltage, distance from the needle tip to the collector plate, and 

feeding rate of polymeric solution (Gizaw et al., 2018; Khan et al., 2018). 
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Figure 3.1 Schematic diagram of the basic setup of electrospinning (Gao et al., 2014). 

 

3.2.2 Polymers of electrospun nanofibers 

 Two types of polymers can be used for electrospinning, divided into 

natural and synthetic polymers. The benefits of natural polymers are that they are 

abundant, accessible, biocompatible, biodegradable, and non-toxic in most cases. But 

these natural polymers are difficult to spin due to their molecular structures. Examples 

of natural polymers are chitosan, gelatin, cellulose, collagen, hyaluronic acid, keratin, 

and silk fibroin (Gizaw et al., 2018; Khan et al., 2018). Nowadays, there are 

biodegradable synthetic polymers used in biomedical applications, which have been 

approved by US Food and Drug Administration (FDA), such as poly (l-lactide) (PLA), 

poly(glycolide) (PGA), and poly(lactide-co-glycolide) (PLGA) (Xu et al., 2006). Other 

examples of synthetic polymers are poly(ℇ-caprolactone) (PCL), polyurethane (PU), 

poly(vinylidene fluoride) (PVDF), polyvinyl alcohol (PVA), poly(ethylene oxide) 

(PEO), and polyvinyl pyrrolidone (PVP) (Gizaw et al., 2018). These synthetic polymers 

show biocompatible properties, suitable in most of the solvent and provide good 
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mechanical property. Several disadvantages of using synthetic polymers are 

hydrophobic, slowly degrading, and less cytocompatible (Sundaramurthi and 

Sethuraman, 2014). 

3.2.3 Antimicrobial activity of electrospun nanofibers 

 Many researchers have fabricated electrospun nanofibers incorporated 

with a functional agent such as an antibacterial agent and showed an increase in their 

antimicrobial properties compared to single antimicrobial material to prevent bacterial 

growth or infection. The carboxymethyl chitosan/polyethylene oxide containing 

AgNPs nanofibers shows better antimicrobial activity against E. coli, S. aureus, and P. 

aeruginosa compared to the single AgNPs (Fouda et al., 2013; Gao et al., 2014; Song 

et al., 2017). Besides, PVDF nanofibers containing silver nanoparticles have 

antimicrobial activity against S. aureus and K. pneumoniae. PVDF shows excellent 

mechanical properties, resistance to severe environmental stress, and good chemical 

resistance (Gao et al., 2014). Fabricated PLA containing silver nanoparticles show 

antibacterial activity against S. aureus and E. coli with the reduction of microorganisms 

98.5% and 94.2%, respectively (Xu et al., 2006). 

 Moreover, plant extract has been used for nanofiber synthesis by 

electrospinning for antibacterial and wound healing applications. Motealleh and co-

workers (2014) have fabricated poly(ℇ-caprolactone)/polystyrene (PCL/PS) nanofibers 

containing chamomile that have antibacterial and antifungal activities. These 

nanofibers can heal the wound up to 99% after 14 days of treatment studied by in vivo 

method. They also have high efficiency for the wound closure and healing process than 

the PCL/PS nanofibers. 
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3.3 Research methodology 

3.3.1 Preparation of crude extract of Streptomyces sp PJ95. 

Streptomyces sp. PJ95 was obtained from a previous study (Chanthasena 

and Nantapong, 2016), cultured on 10 mL ISP2 broth, and incubated at 37°C with 200 

shaking conditions for 3 days. The suspension was transferred into 100 mL ISP2 broth 

and incubated at 37°C under 200 rpm shaking condition for 6 days. After incubation, 

the cells were filtered using Whatman No.1 filter paper (WhatmanTM, GE Healthcare, 

UK). The crude compound was extracted from the fermented broth using ethyl acetate 

(RCI, Labscan). The organic layer containing the active compound was collected and 

evaporated using a rotary evaporator (BUCHI Rotavapor® R-300). 

3.3.2 Synthesis of PJ95 crude extract-loaded PVDF-HFP electrospun 

nanofibers 

The preparation of electrospinning solutions was illustrated in figure 3.2. 

The poly(vinylidene fluoride-co-hexafluoro propylene) (PVDF-HFP) (Sigma-Aldrich) 

polymer was dissolved in dimethylformamide (DMF): acetone (1:1). For the PJ95 crude 

extract-loaded PVDF-HFP nanofibers, 1.25% w/w of crude extract were added into the 

polymer solution. The prepared solutions were continuously stirred at room 

temperature until homogeneity occurs. Each electrospinning solution was loaded into 5 

mL syringe equipped with a needle. An aluminum sheet wrapped on the collector plate 

was placed at a distance 10 cm from the needle tip. The nanofibers were electrospinning 

by applying a voltage at ± 15 kV in the needle and -1 kV in the target. Further, the 

obtained samples were stored at 4°C in the dark until further use. 
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Figure 3.2 Illustration of electrospun nanofibers fabrication. 

 

3.3.3 Characterization of PJ95 crude extract-loaded PVDF-HFP electrospun 

nanofibers 

3.3.3.1 Scanning electron microscopy (SEM) analysis 

The diameter and morphology of the electrospun nanofibers 

were observed under scanning electron microscope (SEM JEOL model JSM800F, 

Japan). The samples were prepared by cutting the nanofiber and placed on carbon tape. 

The samples were then gold sputtering coated using Neo Coater MP19020NCTR for 5 

min before SEM observations. The average diameter was measured randomly at 35 

different points of each sample.   

3.3.3.2 Fourier-transform infrared (FTIR)  

The interaction between the polymer nanofibers and crude 

extract of PJ95 was evaluated using Fourier-transform infrared spectroscopy (FTIR 
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Bruker, Hyperion 3000 Germany). Spectra were recorded between wavenumber 4000 

to 400 cm-1. The FTIR analysis was conducted at beamline 4.1 Synchrotron Light 

Research Institute (SLRI), Thailand. 

3.3.3.3 Crude extract release study 

The crude extract release study was adapted from Wongkanya et 

al (2017) with some modification. PJ95 crude extract-loaded PVDF-HFP nanofibers 

were cut into a circular shape with a diameter of 5 mm. Each nanofiber was immersed 

in 200 µL of phosphate buffer saline (PBS, pH 7.4) solution at 96 well plates. The plate 

was incubated at 37°C incubator for 48 h. To determine the amount of crude extract 

release, the optical density of the sample was measured every 6 h for 48 h period. The 

UV-Vis spectrophotometer (Thermo Scientific Multiscan GO, Finland) was used to 

determine the amount of crude compound release. The maximum wavelength for PJ95 

crude extract was about 230 nm.  

3.3.4 Antimicrobial activity assay 

To evaluate the antibacterial properties of electrospun nanofibers 

with/without PJ95 crude extract, the disk diffusion test was performed against S. aureus 

TISTR 1466, S. epidermidis TISTR 518, MRSA DMST 20654, and P. mirabilis TISTR 

100. The 106 CFU/mL of mid-log phase test pathogens were seeded onto the muller 

hinton agar (MHA, Himedia) plate. The nanofibers sample were cut as circular disks 

with a diameter of 5 mm, sterilized under UV light for 30 minutes, and placed on the 

MHA plate seeded with test pathogen. The plates were incubated at 37°C for 24 h. After 

incubation, an inhibitory zone around the sample disks was determined. Three 

replicates were tested for each sample.   
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3.3.5 Cytotoxicity assay 

The indirect cytotoxicity evaluation of PJ95 crude extract-loaded PVDF-

HFP electrospun nanofibers was conducted based on ISO 10993-5:2009 standard 

(Wongkanya et al., 2017). Nanofibers sample (5 mm diameter of circular disks) were 

sterilized under UV light for 30 minutes and immersed in DMEM supplemented with 

10% fetal bovine serum (FBS) and 1% antibiotics (Penicillin, Streptomycin) in a 96 

culture well plate. The plate was incubated at 37°C incubator under 5% CO2 for 48 h. 

During the incubation, the crude extract was released from the nanofibers to the 

cultured media designated as the extracted medium. NIH-3T3 cells were cultured 

separately at 104 cells/well using DMEM supplemented with 10% fetal bovine serum 

(FBS) and 1% antibiotics (Penicillin, Streptomycin) in a 96 culture well plate for 24 h 

to allow attachment of the cells onto the well surface. After that, the medium was 

replaced with an extracted medium and incubated for 24 h. The MTT was used to 

determine the viability of the treated cells. The medium in the wells was removed, and 

10 µL of 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT, Invitrogen™) was added, followed by adding 100 µL of PBS. The cells were 

incubated for 4 h at 37°C under 5% CO2. A reducing yellow tetrazole to purple 

formazan in the living cell was solubilized by remove MTT solution and adding 50 µL 

DMSO to the wells. The absorbance of each sample was determined at 540 nm by using 

spectrophotometer (Thermo Scientific Multiscan GO, Finland).  

3.3.6 Statistical analysis  

The obtained data were analysed using statistical analysis independent 

sample t-test and one-way analysis of variance (ANOVA) using IBM SPSS Statistics 
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Version 23. To determine the significant difference between groups, Tukey’s test was 

applied with p < 0,05.   

 

3.4 Results  

3.4.1 Surface morphology and diameter distribution of electrospun 

nanofibers 

Electrospun nanofibers of PVDF-HFP and PJ95 crude extract-loaded 

PVDF-HFP electrospun nanofibers were fabricated by electrospinning method. To 

fabricate the nanofiber, the final concentration of 1.25% w/w of PJ95 crude extract was 

added into the polymer solution. The process of electrospinning was optimized at 15 

kV and 10 cm distance to produce homogenous and smooth fibers. The nanofibers had 

smooth, bead-free, and uniform morphology from the SEM observation. The average 

of nanofibers diameters of PVDF-HFP nanofibers and PJ95 crude extract loaded 

PVDF-HFP electrospun nanofibers were 0.54 ± 0.05 µm and 0.33 ± 0.06 µm, 

respectively. It was known that the addition of PJ95 crude extract did not significantly 

decrease the distribution of the nanofiber diameter compared to the PVDF-HFP 

nanofibers (p>0.05) (Figure 3.3).  

   

Figure 3.3 The morphology of PVDF-HFP nanofibers (left) and PJ95 crude extract-

loaded PVDF-HFP nanofibers (right). Scale bar= 1µm. 
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3.4.2 Chemical composition of crosslinked electrospun nanofibers 

In order to identify the presence of crude extract on the electrospun 

nanofibers, FTIR analysis was performed on PVDF-HFP, PJ95 crude extract-loaded 

PVDF-HFP electrospun nanofibers, and PJ95 crude extract (Figure 3.4). The spectra   

of neat PVDF-HFP electrospun nanofibers presented peaks in the region 974 and         

764 cm-1, which attributed to the α-phase of PVDF, a peak in the region of 875 cm-1 

attributed to the β-phase of PVDF, and peaks in the region of 1175 and 1401 cm-1 

attributed to the -CF3 symmetrical stretching and C-F stretching, respectively. The 

peaks at 2958 and 1671 cm-1 of PJ95 crude extract corresponded to the C-H stretching 

of lipid and C=O stretching of amide I, respectively. Compared to the PJ95 crude 

extract-loaded PVDF-HFP electrospun nanofibers, the absorption bands of C-H and 

C=O of crude extract were shifted to a higher number at 2958 and 1671 cm-1, 

respectively. The absorption band of CF3 symmetrical stretching, C-F stretching, and 

β-phase were also shifted to 1182, 1399, and 877 cm-1, respectively. The shifted peaks 

might be due to the incorporation of PJ95 crude extract with the polymer. Similar to the 

PVDF-HFP nanofibers, the absorption band of α-phase of PVDF remains in the same 

region at 974 and 764 cm-1.   
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Figure 3.4 FTIR spectra of neat PVDF-HFP electrospun nanofibers compared to the 

PJ95 crude extract-loaded PVDF-HFP electrospun nanofibers. 

 

3.4.3 Crude extract release study 

The release behavior of PJ95 crude extract was performed by immersed 

the nanofiber disks in PBS and incubated at 37°C. The amount of released crude extract 

was measured every 6 h for 48 h period using a spectrophotometer at 230 nm. This 

absorbance is the maximum absorbance of PJ95 crude extract. The rapid initial release 

of crude extract from the nanofibers was observed after 6 h of immersion, followed by 
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a slow release of crude extract. Finally, the maximum release of crude extract from the 

nanofibers was observed after 42 h of immersion.  

 

 

 

Figure 3.5 The crude extract release profile of PJ95 from PVDF-HFP electrospun 

nanofibers. 

 

3.4.4 Antimicrobial activity analysis 

The antibacterial activity of PVDF-HFP and PJ95 crude extract loaded 

PVDF-HFP electrospun nanofibers were tested against S. aureus TISTR 1466, S. 

epidermidis TISTR 518, MRSA DMST 20654, and P. mirabilis TISTR 100, using the 

disk diffusion method. A disk of PVDF-HFP electrospun nanofibers without PJ95 crude 

extract was used as a control. The bacteria were incubated at 37°C for 24 h. After 

incubation for 24 h, the inhibition zone of 7.6 ± 0.5 mm, 7.6 ± 1.1 mm, 12 ± 0.5 mm, 

and 13.6 ± 0.5 mm were observed against P. mirabilis TISTR 100, S. epidermidis 

TISTR 518, S. aureus TISTR 1466, and MRSA DMST 20654, respectively (Table 3.1). 
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In contrast, no inhibition zone was observed around the control nanofibers. This 

evidence proves that the released crude extract was responsible for inhibiting bacterial 

growth, not the PVDF-HFP fiber.   

 

Table 3.1 Inhibition zone of PJ95 crude extract-loaded PVDF-HFP electrospun 

nanofibers against test pathogens. 

Nanofibers 

Inhibition zone (mm) 

P. mirabilis 

TISTR 100 

S. epidermidis 

TISTR 518 

S. aureus 

TISTR 1466 

MRSA DMST 

20654 

PVDF-HFP 0 0 0 0 

PVDF-

HFP/PJ95 

7.6 ± 0.5* 7.6 ± 1.1* 12 ± 0.5** 13.6 ± 0.5** 

n= 3, p<0.05 

 

3.4.5 Indirect cytotoxicity analysis 

To ensure the potential of PJ95 crude extract-loaded PVDF-HFP 

electrospun nanofibers as wound dressing, the non-toxic and biocompatible nanofiber 

are needed. Therefore, the investigation of PJ95 crude extract-loaded PVDF-HFP 

electrospun nanofibers cytotoxicity was performed against NIH-3T3 fibroblast cell line. 

Following the ISO 10993-5 standard, the NIH-3T3 cell lines were cultured on the 

extraction media containing PJ95 crude extract. The significant decrease in the cell 

viability when NIH-3T3 cells were observed on the incubation with the extracted 

medium of either PVDF-HFP (94%) or PJ95 crude extract loaded-PVDF-HFP 

nanofibers (87%) compared to the control (100%) (Figure 3.6). However, despite a 

decrease in cell viability of NIH-3T3 cell lines after treated with the extracted medium 

of the electrospun nanofibers, these nanofibers were still acceptable to be used as a 

wound dressing candidate.   
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Figure 3.6 The cell viability of NIH-3T3 cell lines after treated with extracted medium 

from PJ95 crude extract-loaded PVDF-HFP and PVDF-HFP electrospun nanofibers 

(n=3, p > 0,05). 

 

3.5 Discussions 

Incorporating natural products and antibiotics with polymer to fabricate 

electrospun nanofibers as wound dressing represents an emerging area of interest. A 

very rare study has reported on the fabrication of electrospun nanofibers incorporated 

with crude extract of bacteria, especially Streptomyces. This study was investigating 

the incorporation of Streptomyces sp. PJ95 crude extract into electrospun PVDF-HFP 

nanofibers. The Streptomyces sp. PJ95 was chosen to be incorporated with the 

nanofibers because this isolate exhibit broad-spectrum antimicrobial activity against 

Gram-positive and Gram-negative pathogenic bacteria, including skin infection 

pathogenic bacteria used in this study. Before spinning, the PVDF-HFP polymer was 

dissolved in the acetone and DMF solvent with a ratio 1:1. The selection of solvent is 

important to produce smooth and bead-free nanofibers. The solvent for electrospinning 
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must be suitable to dissolve the polymers completely. Acetone and DMF were suitable 

for dissolving PVDF-HFP for electrospinning (Gizaw et al., 2018; Haider et al., 2018). 

Based on the SEM images, the average diameter of the nanofibers was decreased from 

0.54±0.05 µm to 0.33±0.06 µm with the addition of PJ95 crude extract. There were 

several factors that could affect the size and morphology of nanofibers, including 

solution properties (concentration of polymer, solution viscosity, solution conductivity, 

surface tension, and solvent vapor pressure), the parameter for processing (distance 

between needle and collector, the flow rate of the polymer, and voltage), and ambient 

parameters (humidity and temperatures) (Ditaranto et al., 2018; Haider et al., 2018; 

Beachley and Wen, 2009). In the current study, the addition of PJ95 crude extract might 

decrease the solution viscosity. The decrease in solution viscosity resulted in less 

polymer unit per volume in the solution. In the end, the polymer chain tends to interact 

with the solvent, leading to a reduction in the chain entanglement among the polymer 

chains. The low viscosity of the polymer solution below the optimum concentration can 

cause the formation of droplets instead of fibers. In contrast, the high viscosity of the 

polymer solution causes the prohibition of the electrospinning process by the inability 

to maintain the flow of polymer solution to the tip of the needle (Deitzel et al., 2001; 

Haider et al., 2018; Sriyanti et al., 2018). This finding agreed with a previous study on 

the fabrication of PVDF-HFP electrospun by varying polymer concentrations from 15 

to 10%. The viscosity of the polymer solution was decreased as polymers concentration 

decrease. Thus, the nanofiber’s diameter was reduced from 500 to 100 nm, followed by 

the formation of beads caused by low viscosity (Lalia et al., 2013). Sriyanti et al. (2018) 

investigated the incorporation of various mangosteen pericarp extract (MPE) with PVP 

as a polymer. The nanofibers diameter decreased with an increase of MPE 
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concentration compared to the neat PVP nanofibers. On the other hand, Deitzel et al 

(2001) reported that the solution viscosity increase leads to increased fiber diameter.  

The FTIR spectra of PVDF-HFP nanofibers show the α and β-phase of PVDF. 

This spectra profile was similar to the IR spectra of PVDF-HFP polymer reported by 

Priya and Suthanthiraraj (2013). In this study, the presence of IR spectra of α and β-

phase were also detected on PJ95 crude extract loaded-PVDF-HFP nanofibers. Thus, 

according to the FTIR result indicated that the incorporation of crude extract did not 

affect the polymer structure. Two distinct IR spectra features of PJ95 crude extract 

corresponded to C-H and C=O stretching were also detected on the PJ95 crude extract-

loaded PVDF-HFP nanofibers. This evidence proved that the crude extract was 

successfully loaded onto the PVDF-HFP nanofibers. The shifted peak of 1401 to 1399 

that correspond to C-F stretching on the PJ95 crude extract-loaded PVDF-HFP 

nanofibers might occur because of incorporating crude extract into the nanofibers. 

Several characteristic peaks of crude extract were not detected in the PJ95 crude extract-

loaded PVDF-HFP nanofibers, probably due to a small amount of the compound 

present in the nanofibers.  

An optimal drug delivery system in wound dressing should release the 

antimicrobial agents in a selective and controlled way so that the wound follows the 

necessary healing process (Saghazadeh et al., 2019). The result of the crude extract 

release showed that rapid crude extract releases within 6 h after immersion. Later, the 

sustained release of the PJ95 crude extract continuously increased for 42 h of 

immersion. According to the obtained result, it was also known that the PJ95 crude 

extract can be maximally released from nanofiber until 42 h after immersion. The 

typical characteristic of polymeric electrospun nanofibers is the initial burst release, 
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leading to the distribution of drugs on the fiber surface (Gaharwar et al., 2014). The 

vancomycin initial burst release from the alginate/poly (ethylene oxide)/soy protein 

(SA/PEO/SPI) nanofibers was also observed after the first 4 h of immersion and 

followed by sustained release (Wongkanya et al., 2017). The release of the drug or 

antimicrobial agent from the electrospun nanofibers can be attributed to diffusion, 

polymer degradation, partitioning of the drug in polymers, and dissolution of the drug 

(Chou et al., 2015). In the current study, a diffusion is a possible option for crude extract 

release from the electrospun nanofibers. The controlled release of drugs from polymeric 

nanofibers can provide a suitable means of distributing the drug to the wound sites in a 

sustained manner for a long period without frequent dressing change. It might benefit 

to have reducing patient exposure to an excess of drugs at the wound site (Boateng et 

al., 2008; Saghazadeh et al., 2019).  

The antimicrobial activity of PJ95-loaded PVDF-HFP electrospun nanofibers was 

also tested with several pathogenic bacteria that cause skin infection. In the current stud 

demonstrated that the incorporation of PJ95 crude extract into the nanofibers inhibits 

P. mirabilis TISTR 100, S. epidermidis TISTR 518, S. aureus TISTR 1466, and MRSA 

DMST 20654 (Table 3.1). Chantasena and Nantapong (2016) reported that 

Streptomyces sp. PJ95 exhibit 99.8% similarity to S. luteosporeus NBRC 14657T and 

produced broad-spectrum antimicrobial agents which were active against several 

Gram-positive (S. aureus TISTR 1466, Bacillus cereus TISTR 687, Bacillus subtilis 

TISTR 008, Staphylococcus epidermidis TISTR 518, MRSA DMST 20654 and MRSA 

DMST 20651) and Gram-negative pathogenic bacteria (Salmonella typhi and Proteus 

mirabilis TISTR 100). Moreover, the S. luteosporeus NBRC 14657T known as a 

producer of thiolutin and indolmycin antibiotics (BacDive, 2019). Thiolutin is one of 
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the members of the pyrrothine class of natural antibiotics and act as inhibitors of DNA-

dependent RNA polymerase (Olivia et al., 2001). On the other hand, indolmycin is an 

antibacterial drug that inhibits bacterial tryptophan-tRNA synthetase (Du et al., 2015). 

Therefore, the antimicrobial activity of PJ95 crude extract-loaded electrospun 

nanofibers might come from thiolutin and indolmycin. Thus, the PJ95 crude extract-

loaded nanofibers offer roles for loading and releasing antimicrobial agents against skin 

infection pathogenic bacteria growth for wound dressing applications.  

To simulate the condition of electrospun nanofibers application as wound 

dressing materials, the cytotoxicity evaluation was conducted using indirect 

cytotoxicity assay on the NIH-3T3 fibroblast cell lines. NIH-3T3 mouse fibroblast cell 

lines were chosen as tested cells for indirect cytotoxic activity because they play an 

essential role in wound healing process (Gurunathan et al., 2018). In the current study, 

the extracted medium from both electrospun nanofiber was toxic to the NIH-3T3 cell 

lines, indicated by the significant decrease of cell viability compared to the control. 

Although there was a decrease in the cells viability after cultured in the presence of 

media containing released crude extract, clearly, all the samples showed percentage of 

cell viability greater than 70%.  According to ISO 10993-5:2009 about the biological 

evaluation of medical devices, the samples showing more than 70% in the relative cell 

viability were considered as biocompatible and non-toxic (Vatankhah, 2018). This 

acceptable value of cell viability percentage confirmed the negligible toxic potential of 

neat PVDF-HFP and PJ95 crude extract-loaded PVDF-HFP electrospun nanofibers.  

 The overall result of this study showed that the PJ95 crude extract-loaded PVDF-

HFP was successfully fabricated using electrospinning. Additionally, PJ95 crude 

extract loaded into nanofibers could be sustained release over a period 42 h and provide 
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antimicrobial activity against P. mirabilis TISTR 100, S. epidermidis TISTR 518, S. 

aureus TISTR 1466, and MRSA DMST 20654. Therefore, the PJ95 crude extract-

loaded PVDF-HFP nanofibers are a potential candidate for antimicrobial wound 

dressing.  
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CHAPTER IV 

CONCLUSION 

 

4 CONCLUSION 

As a result of this research, the soil sample Streptomyces sp. SSUT88A was 

isolated from Sekaerat Research Environment Station, Thailand, and identified based 

on the 16s rRNA gene sequence. This isolate revealed high similarity to Streptomyces 

chiangmaiensis TA4-1T. The Streptomyces sp. SSUT88A was used to synthesize 

AgNPs using intracellular and extracellular cell-free supernatant. The IS-AgNPs show 

a spherical shape with a diameter of 13,57 nm based on TEM observation. While the 

ES-AgNPs show a spherical shape with a diameter of 30,47 nm. Based on XANES and 

XRD study, the synthesized AgNPs are in the form of Ag0. The synthesized AgNPs 

provide different antimicrobial activity. The IS-AgNPs showed antimicrobial against 

all clinical isolate pathogens, while the ES-AgNPs only showed antimicrobial activity 

against MRSA DMST 20654. However, the IS-AgNPs exhibit high toxicity to NIH-

3T3 cell lines than ES-AgNPs. Hence, the application of IS-AgNPs as antimicrobial 

agents needs to be careful, especially related to its cytotoxicity.  

The Streptomyces sp. PJ95 was used to fabricate PVDF-HFP electrospun 

nanofibers via the electrospinning method. The crude extract of PJ95 and PVDF-HFP 

polymer was spin under 15 kV and distance 10 cm from the needle to the collector. The 

electrospun nanofiber's morphology is smooth and bead-free. The diameter of PVDF-

HFP and PJ95 crude extract-loaded PVDF-HFP nanofibers are 0.54±0.05 µm and 

0.33±0.06 µm, respectively. PJ95 crude extract-loaded PVDF-HFP nanofibers show 
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antimicrobial activity against skin infection pathogens S. aureus TISTR 1466, S. 

epidermidis TISTR 518, MRSA DMST 20654, and P. mirabilis TISTR 100. The 

indirect cytotoxicity analysis revealed that PJ95 crude extract-loaded PVDF-HFP 

nanofibers was considered as biocompatible and non-toxic. Therefore, PJ95 crude 

extract-loaded PVDF-HFP nanofibers are a potential candidate for wound dressing 

application. 
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ANTIMICROBIAL ACTIVITY OF SSUT88A BY 

PERPENDICULAR CROSS STREAK METHOD 

 

Test Pathogen 

Inhibition zone (mm) 

Streptomyces sp. SSUT88A 

MDR A. baumannii 8 

K. pneumoniae 1617 0 

P. aeruginosa N90PS 0 

E. coli 8465 0 

S. aureus ATCC29213 23 

S. aureus TISTR1466 23 

MRSA DMST20654 23 

MRSA DMST20651 >30 

B. cereus TISTR687 >30 

B. subtilis TISTR008 >30 

S. epidermidis TISTR518 >30 

S. typhi 0 

P. mirabilis TISTR100 0 

E. coli TISTR 781 0 
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UV-VIS SPECTROSCOPY OF SYNTHESIZED AgNPs 

 

Intracellular cell-free supernatant 

 

Extracellular cell-free supernatant 
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CLINICAL ISOLATED PATHOGEN INFORMATION 

 

Strains Source Susceptible Drug resistant 

K. pneumoniae 

(1617) 

Sputum Gentamycin Ampicillin 

Amikacin 

Amocxicillin-Clavulanate 

Piperacillin-Tazabactam 

Cefoxitin 

Cefazolin 

Ceftriaxone 

Ceftazidime 

Cefepime 

Trimetroprim-

Sulfamethoxazole 

Ciprofloxacin 

Levofloxacin 

Imipenem 

Ertapenem 

Meropenem 

E. coli (8465) Urine Amikacin 

Amocxicillin-

Clavulanate 

Ampicillin 

Gentamycin 

Cefazolin 

Ceftriaxone 
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Strains Source Susceptible Drug resistant 

Piperacillin-

Tazabactam 

Cefoxitin 

Ceftazidime 

Imipenem 

Ertapenem 

Meropenem 

Ciprofloxacin 

Levofloxacin 

Trimetroprim-

Sulfamethoxazole 

 

A. baumannii 

(MDR)  

Sputum Colistin (MIC=2.0) Ampicillin-Sulbactam 

Piperacillin-Tazabactam 

Ceftazidime 

Ceftriaxone 

Cefepime 

Imipenem 

Meropenem 

Trimetroprim-

Sulfamethoxazole 

Gentamycin 

Amikacin 

Ciprofloxacin 

Levofloxacin 
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SEQUENCES OF SOIL ISOLATED STREPTOMYCES 

 

Streptomyces sp. SSUT88A 

TGCAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGA

GTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGG

GGTCTAATACCGGATACGAGCCTCCGAGGCATCTTGGGGGTTGGAAAGCT

CCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAAT

GGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCA

CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG

AATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGAT

GACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGCAAGTGA

CGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTA

ATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGT

AGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGGGCTTAACTCCGGGTCT

GCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTG

GTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGG

CGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCG

AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGG

TGTGGGCAGCATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCC

CCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGG

GGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAG

AACCTTACCAAGGCTTGACATACGCCGGAAACATCCAGAGATGGGTGCCC

CCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTG

AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCC
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AGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACT

CGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGG

CTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATGCCGTGAGGT

GGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTC

GACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAGTGCTGCGG

TGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTC

GGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGA

AGGTGGGACTGGCGATTGGACGAAGTC 
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TEM IMAGE AND EDXRF OF SYNTHESIZED AgNPs 

 

Intracellular AgNPs 
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Extracellular AgNPs 
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XRD RESULT OF SYNTHESIZED AgNPs 

 

Intracellular AgNPs 
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Extracellular AgNPs 

 

  

 



 
122 

 

 

ZETA SIZER RESULT OF SYNTHESIZED AgNPs 

 

The size distribution of intracellular AgNPs 

 

 

 



 
123 

 

 

The size distribution of Extracellular AgNPs 
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Zeta potential of intracellular AgNPs 
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Zeta potential of extracellular AgNPs 
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PREPARATION OF MEDIA AND REAGENTS 

 

1. International Streptomyces Project 2 (ISP2) medium 

Yeast extract  4 g 

Malt extract  10 g 

D-glucose   4 g 

Agar   15 g 

H2O   1000 mL 

2. 1 mM AgNO3 solution 

AgNO3 powder  0.017 g 

H2O   100 mL 

3. Lysis buffer 

1 mM Tris-HCl pH 8 40 mL 

0,5 M EDTA  12 mL 

5M NaCl   3 mL 

10% SDS   10 mL 

H2O   35 mL 

4. TBE buffer 10x 

Tris base    108 g 

Boric acid   55 g 

EDTA   7.5 g 

H2O   up to 1000 mL 
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5. TE buffer 

1M Tris-HCl  1 mL 

0,5M EDTA  0.02 mL  

H2O   989.8 mL 

6. PBS 1x 

NaCl   8 g 

KCl   0.20 g 

Na2HPO4   1.44 g 

KH2PO4   0.24 g 

H2O   up to 1000 mL 

7. MTT Solution 

MTT powder 2.50 mg 

H2O  5 mL 
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