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การสังเคราะห์ทางชีวภาพของอนุภาคนาโน ได้ก่อให้เกิดความก้าวหน้าอย่างมาก ในงาน

ทางด้านนาโนเทคโนโลยี ส่งผลให้มีกระบวนการที่เป็นมิตรต่อสิ่งแวดล้อม อนุภาคทองนาโน (AuNPs) 
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การแพทย์ ในการศึกษานี้การสังเคราะห์ทางชีวภาพของอนุภาคทองนาโนได้ด า เนินการโดยใช้
สารละลายส่วนใสที่ได้จากการเลี้ยงเชื้อสเตรปโตมัยสีทสายพันธุ์ MSK03 และ MSK05 ที่แยกได้จาก
ดินในจังหวัดนครราชสีมา ประเทศไทย จากการจัดล าดับยีน 16S rRNA ชี้ให้เห็นว่า MSK03 และ 
MSK05 คือ Streptomyces monashensis และ Streptomyces spectabilis ตามล าดับ 
สารละลายที่ได้จากการเลี้ยงเชื้อสเตรปโตมัยสีทท าหน้าที่เป็นสารรีดิวซ์กรดไฮโดรเจนเตตระคลอโรออ
ริกในการสังเคราะห์ทางชีวภาพของอนุภาคทองนาโน 

การศึกษาลักษณะเฉพาะของอนุภาคทองนาโนท าโดยใช้ UV–visible, XRD, EDXRF, 
TEM, FTIR และ XANES ผลการทดลองแสดงให้เห็นสเปกตรัมการดูดกลืนส าหรับ surface 
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อนุภาคเฉลี่ยตั้งแต่ 20 ถึง 23 นาโนเมตร จากการวิเคราะห์ FTIR ชี้ให้เห็นว่าหมู่ฟังก์ชัน เช่น 
คาร์โบไฮเดรต เอมีน และเอไมด์ในสารละลายที่ได้จากการเลี้ยงเชื้อสเตรปโตมัยสีทมีหน้าที่เกี่ยวข้อง
กับการรีดิวซ์และการรักษาเสถียรภาพของการสังเคราะห์ทางชีวภาพของอนุภาคทองนาโน สเปกตรัม
จาก XANES ยืนยันการรีดิวซ์ของ Au3+ เป็น Au0 อนุภาคทองนาโนที่สังเคราะห์โดยใช้เชื้อสเตรปโต-
มัยสีทสายพันธุ์ MSK03 และ MSK05 แสดงฤทธิ์ต้านเชื้อแบคทีเรียทั้งแกรมบวกและแกรมลบโดยใช้
วิธี agar well-diffusion ซึ่งอนุภาคทองนาโนที่สังเคราะห์โดยเชื้อสเตรปโตมัยสีทสายพันธุ์ MSK05 
แสดงฤทธิ์ต้านเชื้อ Staphylococcus aureus TISTR1466, methicillin-resistant S. aureus 
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(MRSA) DMST20651, MRSA DMST20654, Escherichia coli TISTR8465, Pseudomonas 
aeruginosa N90Ps, P. aeruginosa TISTR781, P. aeruginosa TISTR1287, Acinetobacter 
baumanii และ Serratia marcescense ในขณะที่อนุภาคทองนาโนที่สังเคราะห์โดยเชื้อสเตรปโต-
มัยสีทสายพันธุ์ MSK03 แสดงฤทธิ์ต้านเชื้อ S. aureus TISTR1466, E. coli TISTR8465, P. 
aeruginosa N90Ps, P. aeruginosa TISTR1287, A. baumanii และ S. marcescense ดังนั้น
เชื้อสเตรปโตมัยสีทสายพันธุ์ MSK03 และ MSK05 จึงเป็นแหล่งข้อมูลเพ่ิมเติมเพ่ือใช้ส าหรับการ
สังเคราะห์ทางชีวภาพของอนุภาคทองนาโน ซึ่งอนุภาคทองนาโนมีศักยภาพส าหรับการใช้งานด้านชีว
การแพทย์ เช่น การรักษามะเร็ง ไบโอเซนเซอร์ การน าส่งยา และฤทธิ์การต้านเชื้อแบคทีเรีย 
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Biosynthesis of nanoparticles has produced significant advances in 
nanotechnology, resulting in an eco-friendly process. Gold nanoparticles (AuNPs) are 
metal nanoparticles that have gained attention due to its unique features such as 
oxidation resistance, biocompatibility, lack of toxicity, and biomedical uses. In this 
research, the AuNPs were synthesized using cultured supernatant of Streptomyces 
strain MSK03 and MSK05 isolated from terrestrial soil in Nakhon Ratchasima, Thailand. 
The 16S rRNA gene sequence revealed that MSK03 and MSK05 were Streptomyces 
monashensis and Streptomyces spectabilis, respectively. The fermented broth of 
Streptomyces sp. was served as the reducing agent of hydrogen tetrachloroauric acid 
in the biosynthesis of AuNPs. 

The biosynthesized AuNPs were characterized using UV–visible, XRD, EDXRF, 
TEM, FTIR, and XANES spectroscopy. The absorption spectrum for the surface 
plasmon resonance of AuNPs was observed at 530 nm and 545 nm using UV–visible 
spectrophotometer. The face-centered cubic (fcc) crystal structure of AuNPs was 
confirmed using XRD. The EDXRF results of the biosynthesized AuNPs showed the 
elemental composition of Au elements. TEM analysis revealed that AuNPs were 
spherical and polygonal in shape, with an average particle size ranging from 20 to 23 
nm in diameter. According to FTIR spectroscopy, the functional groups such as 
carbohydrate, amine, and amide in Streptomyces sp. fermented broth were 
responsible in the reduction and stability of biosynthesized AuNPs. XANES spectra 
confirmed the reduction of Au3+ to Au0. Based on the agar well diffusion assay, the 
AuNPs synthesized by the strains MSK03 and MSK05 showed strong antibacterial 
activity against Gram-positive and Gram-negative bacteria. The biosynthesized AuNPs 
using the strain MSK05 showed antimicrobial activity against Staphylococcus aureus 
TISTR1466, methicillin-resistant S. aureus (MRSA) DMST20651, MRSA DMST20654, 
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Escherichia coli TISTR8465, Pseudomonas aeruginosa N90Ps, P. aeruginosa TISTR781, 
P. aeruginosa TISTR1287, Acinetobacter baumanii, and Serratia marcescense. While 
the biosynthesized AuNPs using the strain MSK03 inhibited S. aureus TISTR1466, E. 
coli TISTR8465, P. aeruginosa N90Ps, P. aeruginosa TISTR1287, A. baumanii, and S. 
marcescense. Thus, Streptomyces strains MSK03 and MSK05 provide additional 
sources for the biosynthesis of AuNPs. The AuNPs have the potential for biomedical 
applications such as cancer therapy, biosensor, drug delivery, and antimicrobial 
activity. 
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CHAPTER I 
INTRODUCTION 

 
1.1 Background/Problem 

The research of nanotechnology is one of the most important developing 
fields of modern study, with applications in technology and science to manufacture 
new materials at the nanoscale level (Albrecht et al., 2006). Metallic nanoparticle 
sizes are ranged from 1 to 100 nm (Alanazi et al., 2010). Among all metallic 
nanoparticles, gold nanoparticles (AuNPs) have stable nature, unique surface 
morphologies, large surface area, controlled geometry, and high properties of 
dispersion, catalytic, optical, magnetic, electrical, biocompatibility, and non-toxicity 
(Yee et al., 2015). Gold nanoparticles have been used in various applications, 
including optical devices, food, synthetic biology, cellular transportation, and health 
care (Mohanpuria et al., 2008), biosensor, optical bio-imaging, immune-analysis, 
detection, drug delivery, and photo-thermolysis of cancer cells and microorganisms 
(Dykman and Khlebtsov, 2011) and they are applied for treatments, diagnosis, and 
detection of several diseases (Alvarez et al., 2016; Khan et al., 2014). Besides, the 
antimicrobial activity of gold nanoparticles has been investigated (Geethalakshmi and 
Sarada, 2013). 

The antibacterial properties of metallic nanoparticles mostly attach to the 
surface of the microorganism's cell. Thus, the cell has structural changes across the 
plasma membrane, resulting in distorted membranes (Li et al., 2010). Moreover, 
metallic nanoparticles also help to enhance in redox processes of the gene 
expression, depressing the activity of respiratory chain enzymes leading to cell death 
(Sharma et al., 2009). The major antibacterial activity mechanisms of nanomaterial 
are described as followed: disruption of energy transduction, inhibition of cell 
membrane/wall synthesis, production of toxic reactive oxygen species (ROS), enzyme 
inhibition, photocatalysis, and reduced DNA production (Figure 1.1) (Singh et al., 2014; 
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Weir et al., 2008). Gold nanoparticles could probably have the antibacterial 
mechanism, such as accumulation at cell surfaces, heavy electrostatic attraction, and 
interaction with the cell membrane (Chamundeeswari et al., 2010; Johnston et al., 
2010). 

 
Figure 1.1 Mechanisms for antibacterial activity of nanoparticles (Singh et al., 2014). 
 

Antibacterial activities of gold nanoparticles have been reported against both 
Gram-positive and Gram-negative bacteria. The most common antibacterial activity 
against antibiotic-resistant bacteria of gold nanoparticles is Acinetobacter baumannii, 
Enterrococcus faecium, Enterobacter sp., Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and Staphylococcus aureus (Rice, 2010). Several gold nanoparticles are 
synthesized, and their antibacterial activity have been evaluated (Monic et al., 2014). 
The gold nanomaterial is recognized as a multifunctional material useful for a wide 
variety of applications. Because of its shape and size, it has a high biological, 
chemical, and physical value (Dreaden et al., 2012). The development of new 
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materials or new methodologies for controlling the synthesis of gold nanoparticles is 
important for several research applications (Grubbs, 2007; Tang et al., 2002; Wong et 
al., 1998).  

Several methods have been used to precisely synthesize nanoparticles in 
terms of shape, size, and properties such as physical (laser ablation, sonication, and 
radiation), chemical (sol-gel method, condensation, and lactic acid method), and 
biosynthesis methods (plant, bacteria, and fungi). However, the synthesis processes in 
the chemical or physical methods involve the use of stringent synthetic conditions, 
toxic solvents and chemicals, and non-eco-friendly protocol which was raised toxic 
chemicals in nature for human consumption and toxic to the environment. In 
contrast, the biological method of nanoparticles is clean, safe, non-toxic, dynamic 
and energy-efficient, bio-compatible, economical, and ecofriendly acceptable 
procedures concerning microorganisms (Khadivi et al., 2012). Moreover, 
microorganisms can be grown in a low-cost medium, maintaining the safety level by 
reducing the metal ion into nanoparticles by an enzyme produced by metallic 
processes (Kumar et al., 2014). 

Actinobacteria are Gram-positive, aerobic, non-motile, filamentous bacteria 
that are commercially interested in their unrivaled ability to produce a wide range of 
bioactive secondary metabolites and extracellular enzymes with interesting biological 
activities (Kumar et al., 2014; Zotchev, 2012). Among the Actinobacteria, the 
Streptomyces group is considered the most economically important, because more 
than 50–55% of bioactive secondary metabolites producing antibiotics of the order 
Actinomycetales are produced by Streptomyces (Chater, 1993; Manivasagan et al., 
2014). Only a few Streptomyces species have been reported for biosynthesis of 
AuNPs. The Streptomyces isolated from different ecosystems has been accepted as 
the potential biosynthesis of metal nanoparticles, such as Streptomyces 
hygroscopicus (Sadhasivam et al., 2012), Streptomyces viridogens (HM10) 
(Balagurunathan et al., 2011), Streptomyces naganishii (MA7) (Shanmugasundaram et 
al., 2013), Streptomyces spp. (Karthik et al., 2013b) and Streptomyces avidinii (Park et 
al., 2006). 
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This study was focused on the biosynthesis of the gold nanoparticle using 
Streptomyces sp. The biosynthesized gold nanoparticles were used to investigate 
antimicrobial activity against Gram-positive and Gram-negative bacteria using the agar 
well diffusion method. The biosynthesis of gold nanoparticles was characterized 
using UV–visible spectroscopy, X-ray diffraction (XRD) spectroscopy, Energy-dispersive 
X-ray spectroscopy (EDX), transmission electron microscopy (TEM) Fourier transform 
infrared (FTIR) spectroscopy, and X-ray absorption near edge structure (XANES) 
spectroscopy. 

 

1.2 Research objectives 
a) To isolate and identify Streptomyces from terrestrial soil 
b) To synthesize AuNPs by a green synthesis method using fermented broth 

of Streptomyces sp. MSK03 and MSK05 
c) To characterize AuNPs and evaluate their antimicrobial activity against 

pathogenic microorganisms 
 

1.3 Research hypothesis 
The soil-isolated Streptomyces sp. MSK03 and MSK05 have the ability to 

synthesize AuNPs and the biosynthesized AuNPs exhibit antimicrobial activity against 
tested pathogens. 

 

1.4 Scope and limitation of the study 
This work involved the biosynthesis of AuNPs using Streptomyces spp. 

isolated from terrestrial soil in Nakhon Ratchasima province, Thailand. Streptomyces 
sp. (MSK03 and MSK05) was identified based on cultural characteristics and 16S rRNA 
gene analysis. AuNPs were tested for antimicrobial activity against tested pathogens 
such as Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Acinetobacter 
baumanii, Serratia marcescense, Klebsiella pneumonia, Proteus mirabilis, 
salmonella typhi, Enterobacter aerogenes, Staphylococcus aureus, methicillin-
resistant Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus 
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epidermidis (MRSE). The biosynthesized AuNPs was characterized by using UV–visible, 
XRD, EDX, TEM, FTIR, and XANES spectroscopy. 
  

 



CHAPTER II 
LITERATURE REVIEWS 

 
2.1 Gold nanoparticles  

Gold is a bright, too soft, slightly reddish yellow, dense, malleable, solid 
under standard conditions, transition metal (Depending on the element with which it 
reacts, it may lose a different number of valence electrons) with the electronic 
configuration represented by (Xe) 4f14 5d10 6s1 and is one of the least reactive 
chemical elements (Rinehart and Winston, 2005). Since ancient Roman times, gold 
nanoparticles were used to stain glasses with different colors (Hunt, 1973). In the 
1850s, Michael Faraday's investigated the colloidal gold's optical properties (Faraday, 
1857). The scattering and absorption of light of the colloidal gold depend on 
aggregation state, local refractive index, particle size, and shape resulting in different 
colors  (Anderson et al., 1999). Various types of gold nanoparticles has already been 
used in a variety of applications (Table 2.2) (Link and El-Sayed, 1999). The synthesis 
and properties of colloidal gold were interesting for scattering and absorption by 
spherical particles (Sharma et al., 2009; Zeng et al., 2013). Various types of gold 
nanoparticles are already being used in a variety of applications as shown in Table 
2.2. As early as 2500 BC., the ancient Chinese and Egyptians used gold for therapeutic 
purposes (Daniel and Astruc, 2004).  

 
Figure 2.1 Various types of gold nanoparticles (Das et al., 2012). 
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Gold nanoparticles can easily synthesize in various shapes with sizes ranging 
from 1 nm to more than 200 nm. The size of gold nanoparticles affects their 
applications such as the particles size ranging from 2 nm to 15 nm are used in 
microscopy immunohistochemistry and biomarkers. Chemical sensors, medication 
delivery, biomarkers, and DNA detection all use particles with sizes ranging from 20 
nm to 60 nm. 20 nm to 50 nm particles had the best cellular uptake, whereas 40 to 
50 nm particles have the best diffusion into tumor cells. The larger size of gold 
nanoparticles ranging from 80 to 250 nm is used in optical mammography, electronic 
devices, forensic science, etc. (El-Sayed et al., 2006). 

 
Table 2.1 The wavelengths of spherical AuNPs depend on size changing (Shah et al., 
2014). 

Wavelength (nm) Size of gold nanoparticle (nm) 

515 5 
520 10 
524 20 
526 30 
530 40 
535 50 
540 60 
553 80 
572 100 

 
Gold nanoparticles have the potential for many biomedical applications, due 

to their large specific surface, high surface activity, good biocompatibility, strong 
antioxidant property, and suitableness for manipulations at the molecular level 
(Chithrani et al., 2010; Kong et al., 2017). Gold ionic chemical compounds (gold salts) 
have been used to relieve TB discomfort and swelling, as well as to halt disease 
development in people with rheumatoid arthritis, psoriatic arthritis, and bronchial 
asthma (Rau, 2005; Shaw, 1999). In recent years, colloidal gold nanoparticles are 
efficient for potential applications depending on their shape and size (Khan et al., 
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2014; Mishra et al., 2012; Svedberg and Pedersen, 1940). In general, gold 
nanoparticles are more recommended than other inorganic nanoparticles for 
biomedical applications, because of their excellent biological compatibility with 
human cells (Alanazi et al., 2010; Jain et al., 2006; Shukla et al., 2005), and are easily 
available for conjugation with various small biomolecules such as amino acids, 
carboxylic acid, enzymes, proteins (Guglielmo et al., 2010; Wangoo et al., 2008), 
polyethylene glycol (Khalil et al., 2004), DNA (Kim et al., 2010), RNA (Lee et al., 2009), 
antibodies (Yang et al., 2009), and peptides (Sun et al., 2008). In addition, these 
particles can circulate with blood flow and easily reach the targeted site such as the 
cancer site (Kojima et al., 2010; Ye et al., 2018). 

 
Table 2.2 Shapes of gold nanoparticles and their applications (Khan et al., 2014). 
Shape Size (nm) Application Reference 
Nanorod  2-5 Photothermal therapy and drug 

delivery 
(Guo et al., 2014) 

Hollow 
particle  

25 Photo-electronics, cancer therapy, 
and catalysis 

(Ganeshkumar et 
al., 2012) 

Triangular 
particle  

3.85-7.13 Highly effective against K. 
pneumonia and E. coli 

(Murawala et al., 
2014), 

Faceted 
particle  

50-100 Reproducible, Effective, and stable 
large area substrates for near infra-
red surface-enhanced Raman 
spectroscopy 

(Papasani et al., 
2012) 

Nanocage  50 Effective molecular contrast agent 
for non-linear endomicroscopy 
imaging and in vivo medical 
applications 

(Giljohann et al., 
2010), (Bisker et 
al., 2012) 

Nanocube  50 Refractive-index sensing and field 
enhancement applications 

(Pissuwan et al., 
2011) 
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The applications in the field of optoelectronics, biological and chemical 
sensing, biomedical imaging, biological tagging, DNA labeling, photothermal therapy 
(Alanazi et al., 2010), photoacoustic imaging (Kim and Jon, 2012), catalysis, tracking 
and drug delivery (Tedesco et al., 2010), cancer antigen and cancer therapy (Guo et 
al., 2014; Mishra et al., 2012). For medical applications, gold nanoparticles are used 
for the diagnosis and therapy of cancer cells and microorganisms, and important in 
HIV therapeutics, and are also being used as target delivery of compounds such as 
drugs, genes, and proteins (Bowman et al., 2008; Li et al., 2006; Mody et al., 2010). 
 

2.2 Synthesis of gold nanoparticles  
Various methods for synthesizing gold nanoparticles have been developed. 

The general method for synthesizing AuNPs consists of physical, chemical, and 
biosynthesis methods (Papasani et al., 2012). The methods for producing gold 
nanoparticles can be classified into two categories, the “top-down” and “bottom-
up” techniques (Eustis and el-Sayed, 2006). The top-down technique is a physical 
method that requires the matter removal from the bulk iron oxide material divided 
into nanoparticles, such as electron beam lithography and photolithography (Sun et 
al., 2006). The bottom-up technique is a chemical or an electrochemical that 
involves the assembly of atoms (produced by ion reduction) into preferred 
nanomaterials, such as sol-gel processing.(Heidari et al., 2014; Xinghua Sun et al., 
2013), photochemical (Jin et al., 2001), nanosphere lithography (Pileni, 1997), 
templating (Hall et al., 2001), electrochemical, sonochemical (Okitsu et al., 2005), and 
thermal reduction techniques (Magnusson et al., 1999). The shape and size of gold 
nanoparticles can be generated using both top-down and bottom-up techniques 
(Figure 2.2). The morphology of nanoparticles depends on synthesis processes such 
as the formation of nuclei, growth, aggregation, and absorption of impurities. Whereas 
the particle size of nanoparticles is influenced by varying factors, such as pH value, 
temperature, reaction conditions, the reactants concentration, impurities, the nature 
of the solvent, etc. (Chen et al., 2005; Eustis and el-Sayed, 2006). Compilation of TEM 
images with various shapes of gold nanostructures synthesized by various methods 
are shown in Figure 2.3. 
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Figure 2.2 The schematic representation of the top-down and bottom-up technique 
for nanoparticle preparation (Galstyan et al., 2018).  
 

2.3 Biological synthesis of nanoparticles by Streptomyces  
Streptomyces is the largest genus of Actinobacteria. Streptomyces species are 

capable of producing secondary metabolites such as vitamins, immunosuppressive, 
and antibiotics. Bacterial interactions with inorganic materials are well known 
(Bosecker, 1997). Actinobacteria have resistance to harmful heavy metals due to 
chemical detoxification, which includes the movement of ions via ATPase membrane 
proteins or chemiosmotic cation or proton anti-transporters, as well as solubility 
changes (Bruins et al., 2000). In comparison to intracellular production, extracellular 
production of metallic nanoparticles has many applications in diverse fields such as 
optoelectronics, sensor technology, electronics, and bio-imaging (Bao et al., 2003; 
Narayanan and Sakthivel, 2010).  
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Figure 2.3 Compilation of TEM images with various shapes of gold nanostructures 
synthesized by various methods. (A-I) Represents the TEM image of the gold 
nanostructures consisting of (A) gold nanospheres (Cho et al., 2011), (B) gold 
nanocages (Cho et al., 2011), (C) gold nanorods (Cho et al., 2011), (D) gold nanowires 
(Kim et al., 2008), (E) gold nanoplates (Liu et al., 2005), (F) gold nanobelts (Zhao et 
al., 2008), (G) gold nanocombs (Zhao et al., 2008), (H) gold nanoflowers (Li et al., 
2010), and (I) gold nanostars (Yuan et al., 2012). (Source: (Shah et al., 2014).   
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Khadivi et al. (2012) reported the biosynthesized gold nanoparticles using 
extracellular production of Streptomyces griseus. After 48 hours, the XRD and UV-
visible spectra of the mixture containing S. griseus and 1mM HAuCl4 revealed the 
formation of gold nanoparticles. The image of TEM revealed spherical gold 
nanoparticles with an average particle size of 50 nm (Khadivi et al., 2012).  

Zonooz et al. (2012) reported biosynthesis of gold nanoparticles by 
Streptomyces sp. The formation of gold nanoparticles was monitored using UV-
visible spectroscopy. Moreover, the nanoparticles of gold were characterized using 
SEM, TEM, and XRD. The result shown shows a spherical shape with the average 
particle size ranging from 10 to 30 nm (Zonooz et al., 2012). 

Sadhasivam et al. (2012) described how Streptomyces hygroscopicus assisted 
in the biosynthesis of multidimensional gold nanoparticles. The control of the key 
growth parameters, such as reaction time and pH of the solution, resulted in 
multidimensional gold nanoparticles. The spherical gold nanoparticle has a diameter 
of 10 to 20 nm (Sadhasivam et al., 2012). 

Gopal et al. (2013) reported the actinobacteria-mediated synthesized gold 
nanoparticles using the Streptomyces sp. VITDDK3 cell-free supernatant. The UV-
visible spectra (550 nm) were used to characterize the gold nanoparticles. XRD 
pattern analysis revealed peaks corresponding to Au metal diffraction at (111), (200), 
(220), and (311). SEM analysis was used to determine the shape of nanoparticles, 
which had an average size of 90 nm. Moreover, the antifungal activity of these 
synthesized gold nanoparticles was tested using the agar well diffusion method. The 
antifungal activity was demonstrated against Microphyton gypseum (10 mm) and 
Trichophyton rubrum (13 mm) (Gopal et al., 2013).  

Karthik et al. (2013) reported the synthesis of gold nanoparticles via 
Streptomyces stain LK-3. Gold nanoparticles of these methods were found with an 
average particle size ranging from 5 to 50 nm. Gold nanoparticles were developed by 
Plasmodium berghei (ANKA (PbA)) for the treatment of infected mice. The ANKA 
(PbA) affected the infected mice, delaying the rise in parasitemia compared with PbA 
infection for 8 days post-infection and increasing the 85% survivability of the mice. 
During the gold nanoparticles treatment in PbA infection, the histomorphological 
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analysis showed no changes in the tissues of the liver and spleen for 8 days post-
infection. The result confirmed the down-regulation of TNF-α and up-regulation of 
TGF-β in serum and tissue level in ANKA (PbA) compared to PbA infection. Based on 
the results of the anti-malarial activity, they suggested the synthesized gold 
nanoparticles using Streptomyces sp. LK-3 revealed a potential source for drug 
development of anti-malarial (Karthik et al., 2013b).  

Ibrahim et al. (2016) reported biosynthesized gold nanoparticles using 
extracellular of Streptomyces sp. as a stabilizing /capping/reducing bio-agent and 
chloroauric acid (HAuCl4) as a precursor. The gold nanoparticles sizes ranged from 4 
to 13 nm. They studied UV-blocking for viscose knitted and cotton fabrics surface 
modification using O2-plasma, followed by treatment with gold nanoparticles and 
gold nanoparticles combined with ZnONPs or TiO2NPs to provide different functional 
properties, specifically antibacterial properties (Ibrahim et al., 2016).  

 

2.4 Antibacterial activity of gold nanoparticles  
Antibiotics improved medicine by permitting the bacterial infections 

treatment that were previously thought to be incurable. Unfortunately, many 
bacteria have developed resistance to the antimicrobial drugs now in use (Shah et 
al., 2014). Gold nanoparticles are inorganic metals known for potential antimicrobial 
activity against Gram-negative and Gram-positive bacteria (El-Batal et al., 2013). Green 
synthesis methods of gold nanoparticles showed antibacterial activities in various 
fields. 

Balagurunathan et al. (2011) used Streptomyces viridogens stain HM10 to 
synthesize gold nanoparticles. The average particle size was between 18 and 20 nm. 
The antibacterial activities of gold nanoparticles were demonstrated in a well-
diffusion method against Gram-negative (E. coli) and Gram-positive (S. aureus) 
bacteria (Balagurunathan et al., 2011). 

Sadhasivam et al. (2012) studied the biogenic synthesis of multidimensional 
gold nanoparticles using cell-free supernatants of Streptomyces hygroscopicus. They 
have demonstrated the antibacterial properties of metallic gold nanoparticles by 
using a minimal inhibitory concentration assay. The MTT assay was used to 
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determine the minimum inhibitory concentrations (MIC) of the biosynthesized gold 
nanoparticles. Growth inhibition studies were used to test the antibacterial activity of 
gold nanoparticles against Gram-negative and Gram-positive bacteria such as 
Escherichia coli KACC 10005, Staphylococcus epidermidis KACC 13234, Enterococcus 
faecalis KACC 13807, Salmonella typhimurium KACC 10763, Staphylococcus aureus 
KACC 13236, and Bacillus subtilis KACC 14394 (Sadhasivam et al., 2012).  

Ibrahim et al. (2016) used marine Streptomyces sp. as reducing agents and 
chloroauric acid (HAuCl4) as a precursor to biosynthesize gold nanoparticles. 
According to the results, the addition of gold nanoparticles to activated fabric 
samples significantly improved antibacterial activity against Gram-negative (E. coli) 
and Gram-positive (S. aureus) bacteria (Ibrahim et al., 2016).  
  

 



CHAPTER III 
RESERCH METHODOLOGY 

 
3.1 Isolation and purification of Streptomyces 

Soil samples were collected from the forest area in Sakaerat Environmental 
Research Station and Botanical Garden at the Suranaree University of Technology, 
Nakhon Ratchasima province, Thailand. Soil samples were taken from a depth of 10-
15 cm from the upper surface of the soil. The soil samples were collected in sterile 
polyethylene bags, sealed tightly, immediately taken to the laboratory, and stored at 
4°C in a refrigerator until used. For the Streptomyces isolation, soil samples were 
isolated and cultivated on the actinomycete isolation agar (AIA, Himedia) medium 
using a serial dilution procedure and incubated for 7 days or until the plates were 
examined for the presence of the colonies at 30-37°C. For purification, isolated 
colonies were picked up and streaked on International Streptomyces Project 2 (ISP2) 
agar medium. The purified isolates were cultured in ISP2 broth for 7 days before 
being added glycerol to make the final concentration 20% and preserved in a freezer 
at -80°C until required.  
 

3.2 Identification of Streptomyces using 16S rRNA gene sequence 
analysis 

A modified approach for fungal DNA extraction was used to extract genomic 
DNA. The Streptomyces strains were grown in 10 mL ISP2 medium for 3-4 days at 30-
37°C. Bacterial cells were harvested by centrifugation at 8000 rpm for 10 minutes and 
the cell pellets were used for DNA extraction. The cell pellet was dispersed in 500 
µL of lysis buffer solution and grinded until fine. The cell suspension was transferred 
to a microcentrifuge tube and mixed with 165 µL of 5M NaCl followed by 
centrifugation at 4°C, 10,000 rpm for 10 minutes. The supernatant was transferred to 
a new tube and mixed with 400 µL chloroform and 400 µL isoamyl alcohol by 
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inverting tube until the solution becomes milky. The sample was then centrifuged at 
4°C, 10,000 rpm for 10 minutes. The upper layer was transferred into a new tube. 
After that, an equal volume of chloroform was added to supernatants. The sample 
was mixed by inverting the tube and centrifuged at 4°C, 10,000 rpm for 5 minutes. 
The DNA in an aqueous layer was transferred into a new tube and precipitated with 
two volumes of 95% (v/v) ethyl alcohol. The sample was mixed by inverting the 
tube and centrifuged at 4°C, 10,000 rpm for 5 minutes. The precipitated DNA was 
washed with 300 µL ice-cool 70% (v/v) ethyl alcohol and centrifuged at 4°C, 10,000 
rpm for 1 minute. The DNA pellet was dried and resuspended in 50 µL of TE buffer. 
The quality of extracted DNA was checked using agarose gel electrophoresis.  

The genomic DNA of soil isolated was used as a template for polymerase 
chain reaction (PCR) amplification of the 16S ribosomal RNA (rRNA) gene using 
universal 16S rRNA primers, 27F 5’ AGAGTTTGATCCTGGCTCAG 3’ and 1525R 5’ 
AAGGAGGTGWTCCARCC 3’ (Lane, 1991). The amplification was performed in a mixed 

reaction with a final volume of 50 µL containing 10 µL of genomic DNA template, 2 
µL of 10 pM 27F primer, 2.0 µL of 10 pM 1525R primer, 25 µL of master mix 
(EconoTaq® PLUS 2x Master Mix, Lucigen), and 11 µL of nuclease-free water. The 
amplification was completed using a thermal cycler machine according to the 
following conditions: initial denaturation at 94°C, 1 cycle for 5 minutes followed by 
20 cycles of denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds, 
extension at 72°C for 30 second and a final extension of at 72°C for 7 minutes. 
Amplified products were electrophoresed at 100 V on a 0.7% (w/v) agarose gel in a 
TBE buffer. The target band in the gel has been trimmed and purified by using 
Gel/PCR Purification Mini Kit (Favorgen™). The purified PCR products were submitted 
for sequencing at Macrogen, Korea.   

The sequence of the 16S rRNA gene was compared to the online 16S rRNA 
database by using the EzBioCloud website (http://www.ezbiocloud.net). After that, 
CLUSTAL W was used to align the sequences with closely related species. The 
phylogenetic trees were created by the phylogeny method using MEGA-X (Molecular 
Evolutionary Genetics Analysis software version X) with a 1000 bootstraps Neighbor-
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Joining technique. Finally, Sequence analysis has been done by using the BLAST 
program (http://www.ncbi.nlm.nih.gov/). 

 

3.3 Preparation of Streptomyces for Biosynthesis 
Streptomyces sp. was grown in a 500 mL Erlenmeyer flask containing 100 mL 

of Starch Casein Broth (SCB) and incubated at 37°C under 200 rpm shaking conditions 
for 5 days. After incubation, the culture was centrifuged at 4°C, 8000 rpm for 5 
minutes. The extracellular cell-free supernatant was collected and used in 
subsequent experiments. On the other hand, the cell pellet of Streptomyces sp. was 
washed using sterile deionized water three times with centrifuged at 4°C, 8000 rpm 
for 1 minute to remove residues of media. Then, the biomass of Streptomyces sp. 
was resuspended in 100 mL sterile deionized water in an Erlenmeyer flask and 
cultured for 24 hours in an incubator shaker at 37°C with 200 rpm shaking setting. 
After incubation, the culture biomass was centrifuged at 4°C, 8000 rpm for 5 minutes. 
The intracellular cell-free supernatant was collected and used in subsequent 
experiments.  

 

3.4 Biosynthesis of gold nanoparticles  
The extracellular or intracellular cell-free supernatant of Streptomyces sp. 

was added to 1 mM Hydrogen tetrachloroauric acid; HAuCl4•3H2O (Sigma-Aldrich, 
USA. ≥99.9%) by using various ratios with a pH of 7, After that, the mixture was 
incubated at 37°C, 200 rpm for 24-72 h. The biosynthesis of gold nanoparticles was 
visual identified by observing the color change of the gold aqueous solution. Then, 
the whole mixture was centrifuged at 4°C, 8000 rpm for 5 minutes. The AuNPs were 
washed with sterile DI water and collected for further studies. The two controls, a 
culture supernatant control without HAuCl4 and 1mM HAuCl4 were incubated under 
the same experimental conditions.  
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3.5 Characterization of gold nanoparticles  
3.5.1 Analysis of gold nanoparticles 

The biosynthesized AuNPs were characterized using a UV-visible 
spectrophotometer to measure the absorbance of colloidal AuNPs solutions (SkanIt 
Software 5.0 for Microplate Readers RE, ver. 5.0.0.42, Thermo Scientific Multiscan GO, 
Finland). The absorption spectra of the AuNPs were obtained in approximately 
wavelength range of 300-800 nm. Zeta potential measurement and particle size 
distribution from less than a nanometer to several microns of biosynthesis gold 
nanoparticles were recorded using Zeta-sizer (Malvern Instrument Ltd, USA). An X-ray 
diffractometer (D8 Advance, Bruker, Germany) was used to investigate the identity 
and crystallinity of AuNPs. The result of the sample was compared with the 
reference from Joint Committee on Powder Diffraction Standards (JCPDS). The 
elemental composition or chemical characterization of gold nanoparticles was 
notified through EDX spectroscopy analysis (X-ray Fluorescence Energy Dispersive 
Spectrometer, Model XGT-5200). 

3.5.2 Morphological characterization of gold nanoparticles  
TEM (FEI/TECNAI G2 S-Twin, USA) was used to determine the size and 

morphology of the biosynthesized gold nanoparticles. The morphology and size of 
the biosynthesized AuNPs were determined by TEM. The morphology of the 
nanoparticles could be highly variable. Gold nanoparticle formation was confirmed 
using TEM images. The particle size distribution of biosynthesized AuNPs was 
measured by dynamic light scattering or zeta-sizer (Malvern Instrument Ltd, USA). 

3.5.3 Fourier transform infrared (FTIR) spectroscopy analysis 
FTIR spectroscopy can be used to identify potential biomolecules 

involved in the reduction of Au3+ to Au0. Functional groups of organic molecules 
attached to the surface of AuNPs as well as other surface chemical residues were 
detected using an FTIR spectrophotometer (FT-IR microscope, Tensor 27, Bruker, 
Germany). The spectra were scanned in the range of 4000-400 cm-1. The spectral 
data were compared with the online database to determine the functional group in 
the sample at https://www.sigmaaldrich.com/TH/en/technical-documents/technical-
article/analytical-chemistry/photometry-and-reflectometry/ir-spectrum-table. 
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3.5.4 X-ray absorption spectroscopy (XAS) analysis 
XAS analysis was performed to determine local geometry and structure 

of gold in the produced AuNPs. The samples were measured by XANES at 
Synchrotron Light Research Institute (SLRI), Thailand. As a standard, HAuCl4 and gold 
foil were employed.  

 

3.6 Antimicrobial activity of gold nanoparticles  
3.6.1 Antimicrobial activity determination using Agar well diffusion 
method 

The agar well diffusion method is commonly used to assess 
antimicrobial activity. This method was used to test the ability of the AuNPs to 
inhibition of the test pathogens including Bacillus subtilis TISTR008, Staphylococcus 
aureus TISTR1466, methicillin-resistant Staphylococcus aureus (MRSA) DMST20651, 
methicillin-resistant Staphylococcus aureus (MRSA) DMST20654, methicillin-resistant 
Staphylococcus epidermidis (MRSE), Escherichia coli TISTR8465, Pseudomonas 
aeruginosa N90Ps, Pseudomonas aeruginosa TISTR781, Pseudomonas aeruginosa 
TISTR1287, Acinetobacter baumanii, Serratia marcescense, Klebsiella pneumonia 
TISTR1617, Proteus mirabilis TISTR100, Salmonella typhi TISTR292 and Enterobacter 
aerogenes TISTR1540. The culture supernatant control without HAuCl4 and HAuCl4 
was used as the negative control. The Mueller–Hinton agar (Himedia™, India) plate 
surface was inoculated by spreading on the overnight culture of mid-log phase 5x105 
CFU/mL test pathogens over the agar surface. Then, a 6 mm diameter hole was 
punched aseptically with a sterile cork borer. One hundred microliters of the sample 
as AuNPs solution or the control were transferred into each well and left at room 
temperature for 1 h to allow the sample to diffuse into the agar. All plates were 
incubated at 37°C for 24 h. After the incubation, the plates were observed for 
inhibition zone formation around the wells. Diameters of the inhibition zone around 
the well and the diameters of the wells were measured (in mm).  
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3.6.2 Determination of the minimum inhibitory concentration (MIC)  
The minimum inhibitory concentration (MIC) was used to evaluate the 

antimicrobial activity of the AuNPs against pathogenic organisms. MIC determination 
of AuNPs against tested pathogens was achieved by using 96-well sterile microplates. 
Two-fold serial dilutions of AuNPs were inoculated with 50 µL of 5.0x105 CFU/ml of 
tested pathogen and incubated at 37°C, 100 rpm for 24 h. After incubation, the 
plates were examined visually for the growth of test organisms. The lowest 
concentrations of AuNPs that inhibit the growth of tested pathogens were recorded 
as the MIC value.  
  

 



CHAPTER IV 
RESULTS 

 
4.1 Identification of Streptomyces spp. 

Streptomyces were isolated from soil samples. The soil samples were 
collected from Sekaerat Environmental Research Station and Botanical Garden at the 
Suranaree University of Technology. Several Streptomyces spp. were able to isolate 
from soil samples. The soil isolated strains MSK03 and MSK05 were selected for the 
synthesis of AuNPs. The Streptomyces sp. MSK03 and MSK05 were identified based 
on cultural, biochemical, physiological, and morphological properties, as shown in 
Figure 4.1. Streptomyces sp. MSK03 was produced leathery growth with white color 
of aerial mycelium on ISP2 medium. The colony of MSK03 released light yellow 
pigments that are visible in the form of exudates. The colony morphology of 
Streptomyces sp. MSK05 was rugose, hairy, spiny, brown spores on ISP2 medium. The 
diffusible black pigment was released from the colony of MSK05 into an agar 
medium.  

 
Figure 4.1 Colony morphology of soil isolated Streptomyces spp. on ISP2 media after 
10 days of incubation. (A) Streptomyces sp. MSK03; (B) Streptomyces sp. MSK05. 
 

 



22 

For the molecular identification of Streptomyces spp., the 16S rRNA gene 
sequence of strains MSK03 and MSK05 were amplified using 27F and 1525R primers 
(Lane, 1991). The 16S rDNA PCR products were submitted to Macrogen (Korea) for 
sequencing. The GenBank accession numbers of 16S rRNA gene sequence of MSK03 
and MSK05 were ON159854 and ON159855, respectively. The 16S rRNA gene 
sequences of MSK03 and MSK05 were blasted with the 16S rDNA sequence from 
EzBioCloud database. The 16S rRNA gene of the strain MSK03 showed 99.79% 
similarity to Streptomyces monashensis MUSC 1JT (accession number; KP998432), 
while the strain MSK05 showed 99.86% similarity to Streptomyces spectabilis 
NBRC13424T (accession number; AB184393). The phylogenetic trees of MSK03 and 
MSK05 were constructed using MEGA software. The 16S rRNA sequence of 
Streptomyces sp. MSK03 and MSK05 were compared to their closest related species 
to create the phylogenetic tree (Figures 4.2).  

 

4.2 Biosynthesis of gold nanoparticles  
The current study used extracellular and intracellular cell-free supernatants 

of Streptomyces sp. (MSK03 or MSK05) as reducing agents to synthesize AuNPs. The 
AuNPs were synthesized by mixing extracellular or intracellular cell-free supernatant 
of Streptomyces spp. with 1 mM HAuCl4 in the following ratios: 9:1, 8:2, 7:3, 6:4, 5:5, 
4:6, 3:7, 2:8, and 1:9. The mixtures were incubated at 37°C, 200 rpm for 24 h. After 
incubation, the color of a mixture of intracellular cell-free supernatant and HAuCl4 
did not change, while the color of a mixture of extracellular cell-free supernatant 
and HAuCl4 changed from light yellow to purple (Figure 4.3). In addition, fermented 
broth and HAuCl4 were used as negative controls. The color of negative controls did 
not change after incubation. 
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Figure 4.2 Neighbor-joining phylogenetic tree based on 16S rRNA gene indicating the 
taxonomic position of strain MSK03, MSK05, and related species. Only values greater 
than 50 of 1,000 replicates bootstrap percentages are shown. A distance of 0.01 
substitutions per nucleotide position is indicated by the bar. Nocardia albayim 
30243T was used as an outgroup. 
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The AuNPs synthesized using extracellular cell-free supernatant of 
Streptomyces sp. MSK03 and MSK05 were designated as MSK03-AuNPs and MSK05-
AuNPs, respectively. After incubation, the mixing of extracellular cell-free supernatant 
and HAuCl4 converted from light yellow to purple. It should be noted that the 
purple hue represents a surface plasmon resonance (SPR) property of AuNPs. The 
SPR of AuNPs was detected using UV-Vis spectroscopy. The color of the mixture of 
extracellular-free supernatant of MSK03 and HAuCl4 changed at the ratios of 5:5, 7:3, 
and 8:2 (Figure 4.4A). The color of the mixture of extracellular-free supernatant 
mixture of MSK05 and HAuCl4 changed at the ratios of 3:7, 4:6, 5:5, 6:4, 7:3, and 8:2 
(Figure 4.4B). 

 
Figure 4.3 Visible observation of the color change of biosynthesis AuNPs by 
Streptomyces sp. (1) 1 mM HAuCl4; (2) Intracellular cell-free supernatant to 1 mM 
HAuCl4; (3) Extracellular cell-free supernatant of MSK03 to 1mM HAuCl4; (4) 
Extracellular cell-free supernatant of MSK05 to 1 mM HAuCl4. 
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Figure 4.4 Visible observation of the color change of biosynthesis AuNPs obtained by 
varying the ratio of extracellular cell-free supernatant of Streptomyces sp. to 1 mM 
HAuCl4. (A) Extracellular cell-free supernatant of MSK03 to 1 mM HAuCl4; (B) 
Extracellular cell-free supernatant of MSK05 to 1 mM HAuCl4. 

 

4.3 Characterization of gold nanoparticles 
4.3.1  UV-Vis spectroscopy analysis 

UV–Vis absorption spectrophotometry was applied to measure the 
position of the localized surface plasmon resonance (LSPR) band. A UV-Vis 
spectroscopy analysis was used to confirm the visual observations of the color 
change of biosynthesis AuNPs. The absorption spectra of AuNPs were measured from 
300–800 nm. MSK03-AuNPs presented the wavelength of maximum absorbance of 
the LSPR band at 545 nm, while MSK05-AuNPs presented the wavelength of 
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maximum absorbance of the LSPR band at 530 nm. The absorption spectrum of 
AuNPs was not observed in the control tests (extracellular cell-free supernatants or 
HAuCl4), as shown in Figure 4.5. The LSPR band of MSK03-AuNPs was measured at 
mixing ratios of 5:5, 7:3, and 8:2. The highest absorbance intensity of MSK03-AuNPs 
was measured at a ratio of 5:5 (Figure 4.6A). The ratio of the mixing of MSK03-AuNPs 
as 5:5 was collected to study of incubation time of 72 h. The result showed 
absorption intensity increase with increasing incubation times (Figure 4.6B). The LSPR 
band of MSK05-AuNPs was measured at mixing ratios of 3:7, 4:6, 6:4, 5:5, 7:3, and 8:2. 
The highest absorbance intensity of MSK05-AuNPs was measured at the ratio of 5:5 
(Figure 4.7A). The ratio of the mixing of MSK05-AuNPs as 5:5 was collected to study of 
incubation time of 72 h. The result showed absorption intensity increased with 
increasing incubation times until 24 h. After 24 h, the incubation period was not 
significant in the SPR band of AuNPs (Figure 4.7B). Therefore, the ratio of the mixing 
of AuNPs as 5:5 for 72 h was used for further experiments. 

 
Figure 4.5 UV-Vis spectra of precursor, MSK03-AuNPs, and MSK05-AuNPs incubated at 
37°C, 200 rpm for 24h. 
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Figure 4.6 UV-Vis spectra of MSK03-AuNPs. (A) UV-Vis spectra of AuNPs in the 
following ratios: 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, and 1:9 incubated at 37°C, 200 rpm 
for 24 h; (B) UV-Vis spectra of AuNPs at the ratio of 5:5 and incubating at 37°C, 200 
rpm for 0, 18, 24, 48, and 72 h. 
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Figure 4.7 UV-Vis spectra of MSK05-AuNPs. (A) UV-Vis spectra of AuNPs in the 
following ratios: 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, and 1:9 incubated at 37°C, 200 rpm 
for 24 h; (B) UV-Vis spectra of AuNPs at the ratio of 5:5 and incubating at 37°C, 200 
rpm for 0, 6, 18, 24, 48, and 72 h.  
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4.3.2  X-ray diffraction (XRD) analysis  
A crystalline nanoparticle was confirmed by XRD analysis. The crystal 

structure of MSK03-AuNPs and MSK05-AuNPs was determined using the XRD pattern, 
as shown in Figure 4.8. The crystalline of AuNPs was represented by four diffraction 
peaks. The diffraction peaks of MSK03-AuNPs at 2theta were 38.3, 44.5, 64.9, and 
77.8. MSK05-AuNPs had diffraction peaks of 38.5, 44.6, 64.9, and 77.9 at 2theta. The 
diffraction peaks obtained at different angles were identical to those previously 
reported for the standard gold metal. Thus, the crystal structure of MSK03-AuNPs 
and MSK05-AuNPs had the characteristics of cubic lattice surfaces. 

 
Figure 4.8 The X-ray diffraction pattern of biosynthesized AuNPs. (A) MSK03-AuNPs 
and (B) MSK05-AuNPs. 
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4.3.3  Zeta potential measurement and particle size distribution 

Dynamic light scattering (DLS or Zeta-sizer) was used to estimate the 
particle size distribution and potential of AuNPs. The biosynthesized AuNPs were 
dispersed in a liquid phase. The colloidal AuNPs were prepared by dispersing the 
AuNPs sample in water. The MSK03-AuNPs had an average size of 46.34 nm with a 
polydispersity index (PDI) of 0.268, while MSK05-AuNPs had an average size of 23.33 
nm with a PDI of 0.465 (Figure 4.9). The stability of the nanoparticles was checked by 
measuring the adsorption of the dispersion layer around the particle surface by using 
zeta potential measurements. The results were measured for zeta potential in the 
range of -150 to +150 mV. The MSK03-AuNPs and MSK05-AuNPs had zeta potential 
values of -0.53 (±0.14) mV and -0.14 (±0.02) mV, respectively. The results of AuNPs 
indicated negative repulsion (Figure 4.10).  

 
Figure 4.9 The particle size distribution of biosynthesized AuNPs. (A) MSK03-AuNPs 
and (B) MSK05-AuNPs. 
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Figure 4.10 Zeta potential of biosynthesized AuNPs. (A) MSK03-AuNPs and (B) MSK05-
AuNPs. 

 
4.3.4  Transmission electron microscopy (TEM) analysis 

TEM was used to confirm the presence of AuNPs in the samples and to 
determine the shape and size of biosynthesized AuNPs. The biosynthesized AuNPs 
using Streptomyces sp. MSK03 and MSK05 exhibited mostly spherical and polygonal 
forms (Figure 4.11A and Figure 4.12A). The average particle sizes of MSK03-AuNPs and 
MSK05-AuNPs were calculated by measuring the spherical and polygonal AuNPs 
particle of more than 100 particles from TEM images. The average particle size of 
MSK03-AuNPs was 23.2 ± 10.7 nm, ranging from 7.1 to 40.0 nm (Figure 4.11B). The 
average particle size of MSK05-AuNPs was 20.3 ± 9.7 nm, ranging from 3.3 to 40.0 nm 
(Figure 4.12B). 
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Figure 4.11 TEM image of biosynthesized MSK03-AuNPs. (A) The morphology of 
MSK03-AuNPs, scale bar=100 nm; (B) The particle size distribution of MSK03-AuNPs, 
n=130. 
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Figure 4.12 A TEM image of biosynthesized MSK05-AuNPs. (A) The morphology of 
MSK05-AuNPs, scale bar=100 nm; (B) The particle size distribution of MSK05-AuNPs, 
n=196.   
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4.3.5  Energy-dispersive X-ray fluorescence (EDXRF) analysis 
EDXRF was used to determine the elemental composition of the 

biosynthesized AuNPs. The EDXRF spectra confirmed that metallic Au was detected 
in the MSK03-AuNPs and MSK05-AuNPs (Figure 4.13). The EDXRF results indicated that 
the amount of Au element in the MSK03-AuNPs and MSK05-AuNPs was 8.08% and 
7.35%, respectively. Strong optical adsorption peaks of metallic Au were observed at 
2.2, 9.7, and 11.5 keV.  

 
4.3.6  Fourier transform infrared (FTIR) analysis  

The functional groups involved in the reduction and stabilization of 
AuNPs were identified using FTIR spectroscopy. FTIR spectra of extracellular cell-free 
supernatant of Streptomyces sp. MSK03 before and after bioreduction of Au3+ ions 
were represented in Figure 4.14. The spectrum showed five major peaks. There was a 
shift in peak from 3354, 1625, 1364, 1052, and 514 cm-1 of the extracellular cell-free 
supernatant of Streptomyces sp. MSK03 to 3270, 1644, 1354, 1017, and 524 cm-1 
which correspond to N-H or O-H stretching, C=O stretching or N-H bending, C-N 
stretching or N-H bending, C-H stretching, and C-H bending or metal-ligand stretching, 
respectively.  

FTIR spectra of extracellular cell-free supernatant of Streptomyces sp. 
MSK05 before and after bioreduction of Au3+ ions were represented in Figure 4.15. 
The spectrum was a shift in peak from 3298, 1642, 1356, 1014, and 521 cm-1 of the 
extracellular cell-free supernatant of Streptomyces sp. MSK05 to 3270, 1592, 1353, 
1019, and 525 cm-1 which correspond to N-H or O-H stretching, C=O stretching or N-H 
bending, C-N stretching or N-H bending, C-H stretching, and C-H bending or metal-
ligand stretching, respectively. 
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Figure 4.13 Energy dispersive spectra of biosynthesized AuNPs. Gold elements were 
detected in the spectrum. (A) MSK03-AuNPs and (B) MSK05-AuNPs. 
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Figure 4.14 FTIR spectra of (A) the extracellular cell-free supernatant of 
Streptomyces sp. MSK03 and (B) the MSK03-AuNPs.  
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Figure 4.15 FTIR spectra of (A) the extracellular cell-free supernatant of 
Streptomyces sp. MSK05 and (B) the MSK05-AuNPs. 
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4.3.7 X-ray absorption near edge structure (XANES) analysis 
The local geometry and structure of gold in the synthesized AuNPs were 

determined using XANES analysis. The XANES measurement was carried out in single 
run at an energy range of 11888.3–11998.4 eV around the Au L3 edge. Pure Au metal 
foil and HAuCl4 were used as reference materials for Au0 and Au3+, respectively. The 
XANES spectra profiles of MSK03-AuNPs and MSK05-AuNPs compared to reference 
material were shown in Figure 4.16 and Figure 4.17, respectively. The spectra of 
MSK03-AuNPs and MSK05-AuNPs showed a profile of energy similar to Au metal foil 
and HAuCl4. Energy profile data indicated a partial reduction of Au3+ to Au0. 

 
Figure 4.16 XANES spectra of HAuCl4, Au foil and MSK03-AuNPs.  
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Figure 4.17 XANES spectra of HAuCl4, Au foil and MSK05-AuNPs.  
 

4.4 Antimicrobial activity of gold nanoparticles 
Antibacterial activities of AuNPs against pathogens were evaluated by the agar 

well diffusion method. The fermented broth and HAuCl4 were used as the control. 
The percentage of Au elemental acquired from EDXRF was used to estimate the 
amount of AuNPs used for antibacterial testing. Based on EDXRF, the percentages of 
Au in MSK03-AuNPs and MSK05-AuNPs were 8.08% and 7.35%, respectively. The 
antibacterial activity of MSK03-AuNPs and MSK05-AuNPs against Gram-negative and 
Gram-positive bacteria was shown in Table 4.1. MSK03-AuNPs showed antibacterial 
activity against S. aureus TISTR1466, E. coli TISTR8465, P. aeruginosa N90Ps, P. 
aeruginosa TISTR1287, A. baumanii, and S. marcescense, while MSK05-AuNPs had 
antibacterial activity against S. aureus TISTR1466, MRSA DMST20651, MRSA 
DMST20654, E. coli TISTR8465, P. aeruginosa N90Ps, P. aeruginosa TISTR781, P. 
aeruginosa TISTR1287, A. baumanii, and S. marcescense. The maximum inhibition 
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zones value of antibacterial activity of MSK03-AuNPs and MSK05-AuNPs was found 
against P. aeruginosa TISTR1287  

The broth microdilution method was used to evaluate the minimum 
inhibitory concentrations (MIC) of MSK03-AuNPs and MSK05-AuNPs against Gram-
positive and Gram-negative bacteria. The reference drugs were vancomycin and 
tetracycline. The MIC values of MSK03-AuNPs and MSK05-AuNPs were > 141.4 µg/mL 
against tested pathogens, as show in Table 4.2.  

 
Table 4.1 Antimicrobial activity of MSK03-AuNPs and MSK05-AuNPs (565.6 µg/mL of 
Au0). 

Tested pathogens 

Inhibition zone (mm) 

HAuCl4 
MSK03 MSK05 

AuNPs Supernatant AuNPs Supernatant 

S. aureus 
TISTR1466 

0 12.17±0.76 0 8.33±0.51 0 

MRSA DMST20651 0 0 0 10.88±2.17 0 

MRSA DMST20654 0 0 0 13.17±0.60 0 

E. coli TISTR8465  0 10.61±2.57 0 9.58±2.26 0 

P. aeruginosa 
N90Ps 

0 11.20±0.67 0 9.87±1.44 0 

P. aeruginosa 
TISTR781 

0 0 0 10.07±0.95 0 

P. aeruginosa 
TISTR1287 

0 17.58±0.67 0 22.09±2.27 0 

A. baumanii 0 9.44±0.80 0 11.88±3.61 0 

S. marcescense 0 8.44±0.23 0 8.19±0.47 0 

The values are mean ± standard deviations for triplicate experiments. 
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Table 4.2 MICs of MSK03-AuNPs and MSK05-AuNPs. 

Tested pathogens 

MICs (µg/ml) 

MSK03-
AuNPs 

MSK05-
AuNPs 

Vancomycin Tetracycline 

MRSA DMST20654 >141.4 >141.4 8 64 

P. aeruginosa TISTR1287 >141.4 >141.4 >128 32 

A. baumanii >141.4 >141.4 >128 >128 

  

 



CHAPTER V 
DISCUSSION AND CONCLUSION

 
Streptomyces bacteria are the genus of the Actinomycetales order. 

Streptomyces are aerobic, filamentous, Gram-positive bacteria and are commonly 
found in a variety of environments, especially in soil. Streptomyces is a good source 
of extracellular enzymes and bioactive compounds. Streptomyces sp. produces 
secondary metabolites for clinically important bioactive compounds with antivirals, 
antitumor, antifungal, antibiotics, and insecticidal properties (Khan et al., 2011; 
Procópio et al., 2012; Song et al., 2004). The Streptomyces has a various colony 
structure based on spore color, substrate and aerial mycelium development, and 
diffusible pigment productions (Michael et al., 2012). In this study, Streptomyces 
strain MSK03 and MSK05 were isolated from Sakaerat Environmental Research Station 
and Botanical Garden at the Suranaree University of Technology, respectively. The 
phenotypic characteristics, such as colony morphology, sporulation, and pigment, of 
Streptomyces strain MSK03 and MSK05 were identified on ISP2 medium. The 
identification of bacteria based on phenotypic characteristics was not quite as 
effective as molecular identification (Zhang et al., 2019). 

Thus, the soil isolated MSK03 and MSK05 were identified based on the 16s 
rRNA gene sequence and phylogenetic connection. The molecular techniques based 
on 16S rRNA gene sequences were used to confirm the strain of several bacteria 
(Taylor et al., 2007; Zhang et al., 2019). The 16S rRNA sequencing is widely used for 
bacteria identification and taxonomic classification. Bacterial identification of the 16S 
rRNA gene uses approximately 1500 base pair genes located on small subunits in the 
30s of prokaryotic ribosomes. The 16S rRNA sequencing has the advantages of speed, 
cost-effectiveness, and high precision (Case et al., 2007; Kim and Chun, 2014; Reller 
et al., 2007; Yang et al., 2016). The steps in 16S rRNA sequencing consist of DNA 
extraction using chemicals, PCR amplification of the target sequence, DNA elution by 
agarose gel electrophoresis, and follow by target band purification (Antony-Babu et 
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al., 2017; Takeuchi et al., 1996). For phylogenetic investigations, the 16S rRNA gene is 
employed to compare different species of bacteria. The comparison of 16S rRNA 
gene sequences to induce phylogenetic relationships of different bacteria species 
have been widely used for several decades (Coenye and Vandamme, 2003; Weisburg 
et al., 1991).  

In this research, the 16S rRNA gene of MSK03 shared 99.79% sequence 
similarity to S. monashensis with 100% bootstrap value, while MSK05 shared 99.86% 
sequence similarity to S. spectabilis with 95% bootstrap value. Therefore, soil 
isolated MSK03 was identified as S. monashensis, while MSK05 was identified as S. 
spectabilis. The phylogenetic tree from evolutionary distance data of soil isolates 
MSK03 and MSK05 was generated by using the neighbor-joining method with 1,000 
replications bootstrap analysis. The neighbor-joining method is commonly utilized in 
the construction of phylogenetic trees because of its excellent accuracy and 
computational speed in the phylogenetic analysis as demonstrated by computer 
simulation investigations. The basic idea behind this strategy is to locate pairs of 
operational taxonomic units (OTUs) that minimize overall branch length at each level 
of the OTU clustering (Saitou and Nei, 1987).  

In recent years, antibiotic-resistant microorganisms have emerged. The 
development of high-resistance genes has linked to high levels of antibiotic 
resistance (Hsueh, 2010; Shaikh et al., 2015). Nanotechnology is a rapidly developing 
field with enormous potential. Nanomedicine offers a good foundation for combating 
drug resistance (Shaikh et al., 2015). Moreover, nanoparticles are used in a wide range 
of applications, including agriculture, solar cells, pollution control, waste 
management, and medicine approaches for anticancer, antitumor, antibacterial 
activity, and so on (Basu et al., 2015). The particle size of technology at the 
nanoscale is small particles in nanoscale ranging from 1 to 100 nm (Lee et al., 2020). 
Nanoparticles are very attractive for a wide variety of biotechnology applications due 
to their unique chemical and physical properties (Shah et al., 2014). Because of their 
physical, biological, and chemical characteristics, gold nanoparticles are among the 
most commonly used metal nanoparticles due to their potential for a wide variety of 
applications such as water purification, food industry, biological, and medicinal 
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applications (Menon et al., 2017; Shahzadi et al., 2018; Zhang et al., 2015). Gold 
metal and gold ionic form have long been recognized to have broad spectrum 
antibacterial and bactericidal effects (Agnihotri et al., 2013; Zhang et al., 2015; Zhou 
et al., 2012). The properties of AuNPs depend on morphology and reaction 
modifications to obtain AuNPs of the desired size, shape, and surface functionality 
(Shah, Badwaik, and Dakshinamurthy, 2014; Sperling et al., 2008). AuNPs have bio-
nanotechnology applications such as sensing for detection and diagnostics, transport 
of therapeutic agents to the cells, cell imaging, antimicrobial, and so on (Yeh et al., 
2012). 

Chemical and physical processes, such as chemical, photochemical, and 
electrochemical reduction, are used to synthesize AuNPs (Kshirsagar et al., 2014; 
Scaiano et al., 2009; Yang et al., 2011). These methods usually depend on toxic 
chemicals as reducing or capping agents. The presence of precursor materials may 
cause the cytotoxicity of healthy cells (Shukla and Iravani, 2018). An environmentally 
friendly approach to nanoparticle synthesis is expected to overcome the toxicity 
problem in nanoparticle synthesis. Green synthesis focuses on reducing and 
eliminating environmentally hazardous processes (Jahangirian et al., 2017; Yang et al., 
2011). The green materials, such as biopolymers, enzymes, fungi, bacteria, and 
plants, were used to synthesize nanoparticles (Lee et al., 2020). Microorganisms are 
commonly used for the biosynthesis of AuNPs. Actinobacteria isolated from several 
environments have been identified as potential to synthesize AuNPs. The 
biosynthesis of AuNPs is available in the intracellular and extracellular of the 
actinobacteria, including Streptomyces (Manivasagan et al., 2016). The biosynthesized 
AuNPs using intracellular and extracellular Streptomyces was illustrated in Table 5.1. 

In the synthesis process, the AuNPs exhibit changing colors from light yellow 
to purple, red, orange, and brown in an aqueous solution. The color change is due to 
the increase in the size distribution of AuNPs from 1 to 100 nm (Jain et al., 2006). 
Moreover, the presence of color change is a direct sign of the reduction of Au3+ to 
Au0 (Hassanisaadi et al., 2021). Soltani and co-workers reported the color changes 
from pale yellow to deep red on the AuNPs biosynthesis using S. fulvissimus isolate 
U after incubation at 30°C for 48 h (Soltani et al., 2015). They have also reported a 
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similar observation of the color changes using S. microflavus isolate extracellular 
after incubation at 28°C for 24 h (Soltani et al., 2016). The color changes from yellow 
to pinkish purple on the AuNPs biosynthesis using intracellular of S. viridogens strain 
HM10 after incubation at 28°C for 24 h was reported by Balagurunathan et al. 
(Balagurunathan et al., 2011). In this research, the synthesis of AuNPs used both 
extracellular and intracellular cell-free supernatants of Streptomyces sp. (MSK03 or 
MSK05) as reducing agents. The color change from light yellow to purple was 
observed from synthesized AuNPs using extracellular cell-free supernatant of 
Streptomyces spp.  
 
Table 5.1 Biosynthesis of AuNPs using Streptomyces spp. 

Actinomycete strain Precursor Activity References 

S. viridogens HM10 intracellular antimicrobial (Balagurunathan et al., 
2011) 

S. hygroscopicus BDUS 49 extracellular antimicrobial (Sadhasivam et al., 2012) 

Streptomyces sp.  extracellular antifungal (Gopal et al., 2013) 

Streptomyces sp LK-3 extracellular antimalarial (Karthik et al., 2013a) 

Streptomyces sp. NK52 extracellular anti-lipid 
peroxidation 

(Prakash et al., 2013) 

S. fulvissimus isolate U extracellular ND (Soltani et al., 2015) 

S. microflavus isolate 5 extracellular ND (Soltani et al., 2016) 

S. coelicoflavus SRBVIT13 extracellular anti-
hyperglycemic 

(Kumar and Rao, 2016) 

S. griseoruber extracellular catalytic (Ranjitha and Rai, 2017) 

Streptomyces sp. strain 
NH21 

extracellular antibacterial (Składanowski et al., 
2017) 

S. tuirus DBZ39 intracellular antiviral (Zainab, 2022) 

ND, not determined.  
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The optical properties of AuNPs are phenomena caused by surface plasmon 
resonance (SPR). The plasmon band occurs when the frequency of electron 
oscillations in the conduction band of AuNPs resonates with the frequency of 
incoming light radiation. The SPR in AuNPs requires a specific frequency range of light 
radiation, which is commonly observed in the visible regions (Mie, 1908; Shankar et 
al., 2004). UV–Vis absorption spectrophotometry was used to determine the position 
of localized surface resonance plasma resonance (LSPR) bands to confirm the color 
change of the synthesized AuNPs (Sharma et al., 2016). The specific frequency of the 
surface plasmon resonance peak depends on the shape and size of AuNPs (Huang 
and El-Sayed, 2010; Link and El-Sayed, 1999). In general, spherical AuNPs have been 
shown a single plasmon band ranging from 500 to 580 nm (Hu et al., 2020; Kim et al., 
2016; Poinern, 2014). Sathish Kumar and Bhaskara Rao (2016) reported the maximum 
absorbance peak at 540 nm to confirm the presence of biosynthesized AuNPs using 
S. coelicoflavus SRBVIT13. Soltani et al. (2015) reported a strong peak with a 
maximum absorbance of synthesized AuNPs using S. fulvissimus isolate U at 550 nm. 
In this study, the biosynthesized AuNPs using Streptomyces sp. MSK03 and MSK05 
showed the highest intensity of the LSPR band for AuNPs at 545 and 530 nm, 
respectively. The results confirmed the presence of AuNPs synthesized by 
Streptomyces sp. MSK03 and MSK05.  

In addition, the increase in the particle size of AuNPs affects the change of 
the maximum absorption that shows a red shift of wavelength (wavelength 
increasing). The increase in absorbance wavelength is caused by higher 
electromagnetic retardation. The intensity of the absorbance peak also demonstrates 
the higher number of AuNPs. The increase in AuNPs concentration led to an increase 
in the absorbance intensity (Cui et al., 2012; Link and El-Sayed, 1999; Menon et al., 
2017; Shukla and Iravani, 2017; Zhou et al., 2012). In this study, UV-Vis absorbance 
was used to observe the AuNPs synthesis process. The different incubation times of 
the AuNPs synthesis process depend on reducing agents. This evidence pointed to 
the reduction of Au3+ to Au0 by reducing agents found in extracellular cell-free 
supernatant of Streptomyces sp. MSK03 and MSK05. The AuNPs were synthesized 
using extracellular cell-free supernatant of S. monashensis MSK03 and S. spectabilis 
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MSK05 at 37°C for 72 h. The incubation process takes shorter than the biosynthesis of 
AuNPs using other reducing agents such as extracellular cell-free supernatant of S. 
hygroscopicus BDUS 49, which has been taken 120 h for the incubation process 
(Sadhasivam et al., 2012). The biosynthesis of AuNPs using S. viridogens HM10 as 
reducing agents has been taken 120 to 168 h for incubation process (Balagurunathan 
et al., 2011). The detailed mechanism of the reduction process of Au3+ to Au0 
remains unclear. Several researchers have been proposed the reducing agents of 
biosynthesized AuNPs such as components like lipids, carbohydrates, nucleic acids, 
or proteins (Shah et al., 2014). While the reducing agents of biosynthesized AuNPs 
using Streptomyces spp. have been proposed as cell wall reductive enzymes and 
enzymes on the cytoplasmic membrane (Ahmad et al., 2003; Manivasagan et al., 
2016) 

The probable organic functional groups of capping, stabilizing, and reducing 
agents for the synthesized AuNPs can be identified using FTIR analysis. The functional 
groups of biomolecules that are attached to the surface of AuNPs have the potential 
to involve the reduction of Au3+ to Au0 (Dahoumane et al., 2016; Elavazhagan and 
Arunachalam, 2011; Chithrani et al., 2006; Manivasagan et al., 2016). Sathish Kumar 
and Bhaskara Rao (2016) reported that the functional groups of proteins such as 
amide, carboxyl, and hydroxyl groups from S. coelicoflavus SRBVIT13 are attached to 
the AuNPs surface as stabilizing agents. Soltani Nejad et al. (2016) reported the 
presence of hydroxyl groups, carboxyl groups, and N–H stretching of amine groups in 
biomass of S. microflavus isolate No. 5 that are involved in the AuNPs reduction. The 
presence of a different functional group corresponding to N-H or O-H, C-H, C=O, C-O, 
and the metal-ligand stretching frequency from the FTIR spectra of the synthesized 
AuNPs using S. griseoruber was reported by Ranjitha and Rai (2017). It has been 
suggested the possible compounds with N–H or O–H functional groups for the AuNPs 
stabilization (Dhas et al., 2014). In this study, FT-IR spectra of the biosynthesized 
AuNPs using extracellular cell-free supernatant of Streptomyces sp. MSK03 and 
MSK05 showed similar regions of five major peaks: N-H or O-H stretching, C=O 
stretching or N-H bending, C-N stretching or N-H bending, C-H stretching, and C-H 
bending or metal-ligand stretching. The FT-IR spectra were identified using the FTIR 
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database. The absorption peaks of O-H, N-H, and C=O stretching correspond to the 
functional groups of carbohydrate, amine, and amide, respectively. The other regions 
of N-H bending, C-H stretching, and C-H bending correspond to the amine functional 
groups of the protein. These results indicated the probable functional groups of 
Streptomyces sp. MSK03 and MSK05 might be associated with the reduction of Au3+ 
and stabilization of AuNPs. The change in peak intensity or shift in the wavenumber 
of functional groups from the extracellular-free supernatant to AuNPs describes the 
class of functional groups involved in the interaction of AuNPs and biomolecules 
(Wan et al., 2020). 

The surface charge or zeta potential of colloidal AuNPs solutions was 
determined using DLS (Jiang et al., 2009). Zeta potential results describe the surface 
charge, stability, and aggregation condition of colloidal particles of biosynthesized 
AuNPs (Graily-Moradi et al., 2020; Mittal et al., 2013; Muthuvel et al., 2014). Typical 
zeta potential values of surface charge of nanoparticles in colloidal solution range 
from +100 to -100 mV (Shnoudeh et al., 2019). A large positive or negative zeta 
potential value indicates that the nanoparticle dispersion is physically stable due to 
the electrostatic repulsion of individual particles. The zeta potential of the 
nanoparticles with values less than -25 mV or more than +25 mV usually have high 
degree of stability. While a low zeta potential value of nanoparticle dispersion will 
lead to coagulation, flocculation, or aggregation due to Van der Waals interaction, 
resulting in poor physical stability (Brock, 2004; Clogston and Patri, 2011a; Clogston 
and Patri, 2011b; Horie and Fujita, 2011; Sapsford et al., 2011; Shnoudeh et al., 2019). 
Karthik et al. (2013a) reported the zeta potential as 28.6 mV, indicating the stability of 
biosynthesis of AuNPs using marine actinobacterial in remaining distinct in each 
liquid. Składanowski et al. reported the zeta potential of -14.5 mV of biosynthesized 
AuNPs using Streptomyces sp. strain NH21, indicating moderate stability of 
nanoparticles (Składanowski et al., 2017). In this research, the value of zeta potential 
of MSK03-AuNPs and MSK05-AuNPs was -0.53 mV and -0.14 mV, respectively. The 
MSK03-AuNPs and MSK05-AuNPs had low zeta potential values, resulting in poor 
physical stability due to coagulation, flocculation, or aggregation of nanoparticles 
dispersion. 
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EDXRF technique was used to confirm the chemical or elemental 
composition of metal nanoparticles (Shah et al., 2015; Strasser et al., 2010). The 
electron beam hits the inner electrons shell of the atom, knocking out the inner 
electrons and resulting in a positively charged electron hole. After that, the electron 
hole in the vacant position is replaced by another electron from the outer shell. The 
standard two-dimensional graph of the EDX spectrum represents the ionization 
energy, while the ordinate represents the counts. It has been reported the optical 
absorption peak of surface plasmon resonance adsorption in gold nanocrystal at 
around 2.30 keV (Arunachalam et al., 2013). Sathish Kumar and Bhaskara Rao 
reported the EDX profile of the biosynthesized AuNPs using marine S. coelicoflavus 
SRBVIT13. The EDX pattern of the sample exhibits signals for O, C, and Au atoms, 
confirming biomolecular capping on AuNPs surfaces. The EDX profile of the 
biosynthesized AuNPs using S. coelicoflavus SRBVIT13 showed the gold signals at 
around 2.20, 9.70, and 11.42 keV (Kumar and Rao, 2016). Soltani et al. reported the 
EDX profile of the biosynthesized AuNPs using S. fulvissimus isolate U, which 
represents the number of AuNPs in the biomass. The EDX profile of the 
biosynthesized AuNPs using S. fulvissimus showed strong signals for AuNPs at 
different places at 2.20, 9.70, and 11.5 keV (Soltani et al., 2015). In addition, it has 
been reported the EDX profile of the biosynthesized AuNPs using S. microflavus 
isolate 5 that showed strong signals of AuNPs at 2.20, 9.70, and 11.5 keV (Soltani et 
al., 2016). In this study, the EDX results confirmed the presence of gold elemental in 
synthesized AuNPs. The presence of a gold pattern in the MSK03-AuNPs is similar to 
MSK05-AuNPs (Figure 4.13). The EDX spectra of Au elements were observed at 
approximately 2.2, 9.7, and 11.5 keV. The other elements, including chloride (Cl), 
potassium (K), and phosphorus (P), were detected in the colloidal AuNPs due to 
traces of the cell-free supernatant and the gold salt. 

The TEM provides information on the morphology, shapes, and size of 
nanoparticles (Montes et al., 2011; Schaffer et al., 2009). In this study, The TEM 
images of MSK03-AuNPs and MSK05-AuNPs were spherical and polygonal. The 
spherical shape is a general morphology of biosynthesized AuNPs using Streptomyces 
sp. (Manivasagan et al., 2016). For example, biosynthesized AuNPs using S. viridogens, 
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S. griseus, S. hygroscopicus, Streptomyces sp. ERI-3, S. microflavus, and S. tuirus 
DBZ39 had spherical morphology (Balagurunathan et al., 2011; Khadivi et al., 2012; 
Sadhasivam et al., 2012; Soltani et al., 2016; Zainab, 2022; Zonooz et al., 2012). 
Menon's review study shown that the size of biosynthesized AuNPs with spherical 
shape ranges from 1 to 200 nm (Menon et al., 2017). While the size of spherical 
biosynthesized AuNPs produced by Streptomyces sp. has been recorded to range 
between 5 to 50 nm (Manivasagan et al., 2016; Menon et al., 2017). In this study, the 
TEM result of MSK03-AuNPs represents the spherical shape with an average size of 
23.2 ± 10.7 nm, ranging from 7.1 to 40.0 nm. MSK05-AuNPs represent the spherical 
shape with an average size of 20.3 ± 9.7 nm, ranging from 3.3 to 40.0 nm. In addition, 
DLS was used to estimate the particle size distribution of biosynthesized AuNPs using 
a liquid solution (Mittal et al., 2013; Muthuvel et al., 2014; Wu et al., 2018). In this 
study, MSK03-AuNPs had an average particle size of 46.34 nm in the hydrodynamic 
diameter range, with a PDI of 0.268. MSK05-AuNPs have an average size of 23.33 nm 
and a PDI of 0.465. The PDI of more than 0.1 indicates the polydisperse particle size 
distributions of MSK03-AuNPs and MSK05-AuNPs (Raval et al., 2019). It has been 
reported that the particle size observed in the TEM image is smaller than that 
measured by the DLS analyzer (Muthuvel et al., 2014; Ranjitha and Rai, 2017). 
Muthuvel et al. reported that the DLS result for AuNPs had an average particle size of 
around 50 nm, while the TEM image showed the size distribution of AuNPs ranging 
from 5 to 35 nm with an average size of 32 ± 6 nm (Muthuvel et al., 2014). Ranjitha 
and Rai reported that the DLS result for AuNPs using S. griseoruber to have an 
average particle size of around 80.9 nm, while the TEM image showed the size 
distribution of AuNPs range from 5 to 50 nm (Ranjitha and Rai, 2017). They have been 
proposed that the TEM image measures the particle size of the dried sample, while 
DLS measures the particle size distribution of the hydrodynamic particle diameter 
with a dynamic light scattering of AuNPs dispersed in a liquid phase (Muthuvel et al., 
2014; Ranjitha and Rai, 2017).  

XRD is a common technique for determining the diffraction pattern of 
compounds. XRD analysis is a widely used to determine the crystal structure of 
AuNPs (Bennur et al., 2016; Jeffery, 1971; Manivasagan et al., 2016). The diffraction 
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peaks of MSK03-AuNPs and MSK05-AuNPs were compared to an XRD standard for 
AuNPs structure Joint Committee on Powder Diffraction Standards reference no. 04-
0784 in a database of XRD patterns maintained by the International Center for 
Diffraction Data. The diffraction peaks of AuNPs were located at approximately 2theta 
of 38o, 45o, 65o, and 78o (Figure 4.8) which correspond to (111), (200), (220), and (311) 
reflections of the face-centered cubic (fcc) structure of the standard gold metal (Au0), 
respectively (Balagurunathan et al., 2011; Cheng et al., 2015; Prakash et al., 2013; 
Ranjitha and Rai, 2017; Ren et al., 2015; Kumar and Rao, 2016; Soltani et al., 2015). 
Khadivi Derakhshan et al. reported XRD spectra of the biosynthesis of AuNPs by S. 
griseus and HAuCl4 to represent the AuNPs formation after 48 h. The XRD spectrum 
of biosynthesized AuNPs using S. griseus revealed five intense peaks, 38.27, 44.60, 
64.68, 77.55, and 82.35, which correspond to fcc structure of AuNPs (Khadivi et al., 
2012). The XRD pattern analysis revealed peaks on the biosynthesized AuNPs using 
the cell-free supernatant of Streptomyces sp. VITDDK3 at 38.10 (111), 44.28 (200), 
64.42 (220), and 77.37 (311), corresponding to the diffraction plane of Au0 was 
previously reported by Gopal et al. (Gopal et al., 2013). Sathish Kumar and Bhaskara 
Rao reported the XRD pattern of biosynthesized AuNPs using S. coelicoflavus 
SRBVIT13. The results of biosynthesized AuNPs using S. coelicoflavus SRBVIT13 
showed the crystalline nature of AuNPs at 2theta of 38.28, 44.27, 64.65, and 77.66, 
corresponding to the reflection planes of the fcc phase of AuNPs (Kumar and Rao, 
2016).  

XANES is an absorption spectroscopy technique that used to describe the 
local electronic structure of an atom. The use of synchrotron radiation in XANES 
spectroscopy is an authorized technique for determining the electronic, magnetic, 
and structural properties of matter. Photon absorption in XANES stimulates an 
electron from a core state to an empty state. To excite an electron at the core level, 
the photon energy must be equal to or higher than the binding energy of that level. 
When the photon energy is scanned, a new absorption channel is opened. XANES is 
an element-selective technology because absorption edge energy corresponds to 
core-level energy that is unique to each element. XANES is a powerful technique for 
studying mineral surfaces and adsorbents on mineral surfaces and characterizing bulk 
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minerals. The element specificity of XANES spectroscopy and the ability to access 
comprehensive data in the absence of long-range order are two of its unique 
features. In many cases, the density of unoccupied electronic states in a process is 
demonstrated to be closely related to the X-ray absorption spectra. XANES can 
provide a detailed picture of local electrical structure of an element (Bianconi, 1980; 
Henderson et al., 2014). X-ray absorption fine structure spectroscopy at the Au L3 
and L2 edges indicated the formation of AuNPs in situ. The electronic and dispersion 
characteristics of AuNPs during their growth were analyzed using a series of X-ray 
absorption near-edge structure spectra at both edges (Ohyama et al., 2011). Konishi 
et al. reported the different profile energy of XANES spectra between Au0 (Au foil), 
Au3+ (HAuCl4), and synthesized AuNPs using the bacterium Shewanella algae. XANES 
spectra showed the oxidation state of synthesized AuNPs using S. algae to be Au0, 
confirming that S. algae can reduce Au3+ to Au0 (Konishi et al., 2007). In this study, 
MSK03-AuNPs and MSK05-AuNPs were investigated at the Au L3 edge using XANES. As 
a result, XANES spectra of AuNPs were compared with Au0 and Au3+. XANES spectra 
of MSK03-AuNPs and MSK05-AuNPs represent the region between Au0 and Au3+. So, it 
can be concluded that S. monashensis MSK03 and S. spectabilis MSK05 cell-free 
supernatants can reduce AuCl4

- ions into Au elements. 
Medicinal applications of AuNPs depend on the shape, size, and nanoparticle 

compositions (Hu et al., 2020). The applications of spherical AuNPs of different sizes 
were shown in Table 5.2. AuNPs are useful for antibacterial effects and attacking 
intracellular microorganisms due to their small dimensions. It has been reported that 
the small size of AuNPs demonstrated high antimicrobial activities (Lai et al., 2015; 
Slavin et al., 2017; Wang et al., 2017). Moreover, the surface chemistry of the 
synthesized AuNPs is one of the important factors in the properties and functionality 
of AuNPs. It has been reported the conjugate status of AuNPs for therapeutic and 
cellular applications. Surface chemistry can be categorized based on the type of 
surface functionalization, which includes amine, citrate, nucleic acid, lipid, peptide, 
and antibody ligands. The surface functionalization of amine have been reported an 
effect on the application of drug delivery, gene transfection, oligonucleotide 
transfection, and antiviral activity (Giljohann et al., 2010). Several studies have been 
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reported the characteristic of biosynthesized AuNPs that had chemical stability, well-
developed surface chemistry, and appropriate small size easier to interact with 
bacteria. Antibacterial activity of the biosynthesized AuNPs has been reported against 
both Gram-negative and Gram-positive bacteria such as Entercoccus faecium, K. 
pneumoniae, A. baumannii, P. aeruginosa, E. coli, E. aerogenes, and S. aureus. 
Moreover, AuNPs can potentially operate as antibiotic transporters or delivery 
vehicles, increasing the bactericidal activity of antibiotics. AuNPs had the potential to 
be utilized as antibiotic transporters or delivery vehicles, hence boosting bactericidal 
action (Bindhu and Umadevi, 2014; Rice, 2010; Shah et al., 2014; Zhang et al., 2015). 
The possible antimicrobial mechanism of AuNPs has been suggested, such as cell 
membrane interaction, accumulation on the cell surfaces, and heavy electrostatic 
attraction (Chamundeeswari et al., 2010; Johnston et al., 2010).  

 
Table 5.2 Medicinal applications of AuNPs with different sizes. 

Morphology Size (nm) Application/activity References 

Nanosphere 2 Drug delivery (Peng et al., 2019) 

Nanosphere 2-10 Antioxidant (Tahir et al., 2015) 

Nanosphere 4-10 Antimicrobial  (Ahmad et al., 2013) 

Nanosphere 5-10 Drug delivery, Bioactivity (Rossi et al., 2016) 

Nanosphere 10-20 Antimicrobial (Sadhasivam et al., 2012) 

Nanosphere 15-20 Antiviral (Zainab, 2022) 

Nanosphere 20-37 Anticancer, Antimicrobial  (Ramalingam et al., 2017) 

Nanosphere 100 Therapeutics (PTT and RT) (Hu et al., 2017) 

RT, Radiation therapy; PTT, Photothermal therapy  
 
For the antimicrobial activity of AuNPs that were synthesized using 

Streptomyces sp. Balagurunathan et al. reported antimicrobial activity of 
biosynthesized AuNPs using S. viridogens strain HM10. Spherical AuNPs (18-20 nm 
particle size) derived from S. viridogens HM10 inhibited S. aureus and E. coli with 
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inhibition zones of 14 and 20 mm, respectively (Balagurunathan et al., 2011). In this 
study, the antimicrobial activity against several pathogenic bacteria was measured 
using the agar well diffusion method. The synthesized AuNPs appear to inhibit the 
growth of test pathogenies effectively. The inhibition zone of MSK03-AuNPs and 
MSK05-AuNPs was observed against S. aureus TISTR1466, E. coli TISTR8465, P. 
aeruginosa N90Ps, P. aeruginosa TISTR1287, A. baumanii, and S. marcescense. In 
addition, MSK05-AuNPs also observed inhibition zones against MRSA DMST20651, 
MRSA DMST20654, and P. aeruginosa TISTR781 (Table 4.1).  

In most cases, AuNPs have previously been shown ineffective at killing 
pathogenic bacteria. It has been reported that the bactericidal of biosynthesized 
AuNPs is very weak at high concentrations (Zhang et al., 2015). The antimicrobial 
activity of biosynthesized AuNPs using S. hygroscopicus BDUS 49 was previously 
reported by Sadhasivam et al. (2012) Spherical of biosynthesized AuNPs using S. 
hygroscopicus with an average size of 10 to 20 nm inhibited S. aureus, E. coli, and S. 
typhimurium with a MIC value of 32 µg/mL. While, AuNPs had MICs of 64, 128, and 
256 g/ml against B. subtilis, S. epidermidis, and E. faecalis, respectively (Sadhasivam 
et al., 2012). Składanowski et al. (2017) reported antimicrobial activity of 
biosynthesized AuNPs using the supernatant of Streptomyces sp. strain NH21. The 
AuNPs of Streptomyces sp. NH21 showed spherical shape with a small size of 10±14 
nm. They have been studied the MIC value at various concentrations (1.25–200 
µg/mL) of biosynthesized AuNPs using Streptomyces sp. NH21 against Bacillus 
subtilis, E. coli, S. aureus, K. pneumoniae, and P. aeruginosa (Składanowski et al., 
2017). In this study, the MIC profile of MSK03-AuNPs and MSK05-AuNPs showed MIC 
values of more than 141.4 µg/mL against tested pathogens.  

In conclusion, the Streptomyces sp. strains MSK03 and MSK05 were isolated 
from soil samples. Based on 16S rDNA sequence, the strains MSK03 and MSK05 were 
identified as S. monashensis and S. spectabilis, respectively. The extracellular cell-
free supernatants of Streptomyces sp. MSK03 and MSK05 can be used to synthesize 
AuNPs. The biosynthesized AuNPs is considered the simple and an eco-friendly 
process. The biosynthesized AuNPs (MSK03-AuNPs and MSK05-AuNPs) showed 
spherical shape with particle size ranging from 3.3 to 40 nm. The UV-Vis spectra 

 



55 

confirmed the LSPR band of the biosynthesized AuNPs at 530 and 545 nm. The use 
of Streptomyces sp. for the synthesized AuNPs in the large-scale manufacturing 
processes has higher growth rates and easier and cheaper cultivation requirements 
(Gopal et al., 2013; Soltani et al., 2015). Thus, Streptomyces sp. MSK03 and MSK05 
were found to be a candidate for the AuNPs production. 
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APPENDIX 
PREPARATION OF MEDIA AND REAGENTS 

 
International Streptomyces Project 2 (ISP2) medium 

Malt extract     10.00 g/L 
Yeast extract     4.00 g/L 
D-glucose     4.00 g/L 
Agar      15.00 g/L 
pH was adjusted to 7.2 

Starch Casein medium 
Soluble starch     10.00 g/L 
KNO3      2.00 g/L 
K2HPO4      2.00 g/L 
NaCl      2.00 g/L 
Casein acid hydrolysate   0.30 g/L 
MgSO4.7H2O     0.05 g/L 
CaCO3      0.02 g/L 
FeSO4.7H2O     0.01 g/L 
pH was adjusted to 7.0 

Lysis buffer 
1 mM Tris-HCl (pH 8)    40% (v/v) 
0.5M EDTA     12% (v/v) 
10% SDS     10% (v/v) 
5M NaCl     3% (v/v) 

10x Tris-Borate-EDTA (TBE) buffer 
Tris base      108.00 g/L 
Boric acid     55.00 g/L 
EDTA      7.50 g/L   
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TE buffer 
1M Tris-HCl     1.00  mL/L 
0.5M EDTA     0.02 mL/L  
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SEQUENCES OF SOIL ISOLATED STREPTOMYCES 
 

Streptomyces sp. MSK03

 GTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGG

CAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATATGACCATCTT

GGGCATCCTTGATGGTGTAAAGCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTG

GTGAGGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACT

GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCG

AAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCA

GGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCG

CGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTT

GTCACGTCGGGTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATACGGGCTAGCTAG

AGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAAC

ACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCG

AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGAACTAGGTGTTGGCGACATTC

CACGTCGTCGGTGCCGCAGCTAACGCATTAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCT

AAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCA

ACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAAACCCTGGAGACAGGGTCCCCCTTGT

GGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCC

GCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCATGCCCTTCGGGGTGATGGGGACTCACAG

GAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGT

CTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGTGAGGTGGAGCGA

ATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTTG

CTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT

CACGTCACGAAAGTTGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGTCGTC

GAAGGTGGGACTAGCGATTGGACG 
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Streptomyces sp. MSK05 
CGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCT

GCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATATGACACGGGATCGCAT
GATCTTGTGTGGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGAG
GTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGAC
TGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGC
CTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCA
CGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTT
CGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCG
GTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACA
GGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCGACATTCCACG
TCGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAA
CTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGC
GAAGAACCTTACCAAGGCTTGACATACACCGGAAACGGCCAGAGATGGTCGCCCCCTTGTGGTC
GGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA
CGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGAC
CGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGG
GCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTC
AAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGT
AATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGT
CACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGG
TGGGACTGGCGA 
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SIZE DISTRIBUTION OF AuNPs USING ZETA SIZER  
 

MSK03-AuNPs 

 
 

MSK05-AuNPs 
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ZETA POTENCIAL OF AuNPs USING ZETA SIZER  
 
MSK03-AuNPs 
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MSK05-AuNPs 
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TEM IMAGE OF AuNPs 
 
MSK03-AuNPs 
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MSK05-AuNPs 
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EDXRF PATTERN OF AuNPs 
 

MSK03-AuNPs 
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MSK05-AuNPs 
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INFORMATION ON CLINICALLY ISOLATED PATHOGENS 
 

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 
Piperacillin-
Tazabactam 
Cefoxitin 
Ceftazidime 
Imipenem 
Ertapenem 
Meropenem 
 

Ampicillin 
Gentamycin 
Cefazolin 
Ceftriaxone 
Ciprofloxacin 
Levofloxacin 
Trimetroprim-
Sulfamethoxazole 
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Strains Source Susceptible Drug resistant 
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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