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ABSTRACT 

Biological synthesis of nanoparticles is a promising approach that is comparatively 

inexpensive and eco-friendly. Among various microorganisms, actinobacteria have been found to 

be efficient in the synthesis of nanomaterials. In this study, extracellular biosynthesis of silver 

nanoparticles (Ag-NPs) was investigated by mixing silver nitrate with culture filtrate of 

Streptomyces rochei strain MFA-37. The biosynthesized Ag-NPs were characterized by UV–Vis 

spectrophotometric analysis, and showed a peak of absorbance at 440 nm. Fourier transform 

infrared (FTIR) analysis showed amines and amides that are responsible for the stabilization of 

Ag-NPs. The morphology and size of nanoparticles were determined using high-resolution 

transmission electron microscopy, XRD and DLS techniques which indicated well dispersed, 

spherical Ag-NPs sized 2–20 nm, and the zeta potential of AgNPs reached -20.5 mV. 

Enhancement of antibacterial activity of fourteen antibiotics was conducted by combining 

antibiotics with synthesized AgNPs. The synergistic activities of AgNPs combination with 

antibiotics were determined using disc diffusion against two multi-drug resistant Staphylococcus 

aureus SA-185 and SA-325 recovered from Libya. The highest synergistic effects were 6.11 and 

6.37 folds for Penicillin followed by 6.11 and 4.44 folds for Ciprofloxacin and 6.11 and 3.69 

folds for Erythromycin for MRSA-185 and MRSA-325, respectively. This activity of AgNPs and 

antibiotics could be valuable for the manufacture of hybrid drugs to kill or inhibit the MRSA 

infection especially in case of superficial injuries. 

 

Key words: MRSA, Ag-NPs, Antibiotics, synergistic effects. 

 

INTRODUCTION 

The widespread use of antibiotics to 

treat bacterial infections has resulted in the 

emergence of resistant forms of these 

organisms. Particularly, methicillin-resistant 

S. aureus (MRSA) which is a major 

concern, as it reduces the antibiotic 

treatment options for both prevention and 

cure and ultimately lead to prolonged patient 

hospitalization, increased mortality and 

treatment costs (Iram et al., 2015). Its 

remarkable ability to acquire antibiotic 

resistance has contributed to its emergence 

as an important pathogen in a variety of 

settings (Daini & Akano, 2009). So, studies 

are greatly required in finding out new 

antimicrobial agents against methicillin 

resistant Staphylococcus aureus 

(MRSA).One of the promising methods for 

overcoming bacterial resistance is the use of 

metallic nanoparticles (Allahverdiyev et al., 

2011). Ag-NPs are well known for their 

striking antimicrobial activity, and most of 

the synthesized Ag-NPs exhibit their major 

application as an anticancer, antioxidant and 

antimicrobial agents (Składanowski et al., 

2017). Unfortunately, convenient chemical 

and physical techniques have several 

http://www.aasd.byethost13.com/
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disadvantages, such as the use of toxic 

chemicals, high energy requirements, and 

difficult purification steps (Begum et al., 

2009). Biological synthesis of metal 

nanoparticles has been well achieved by 

various microorganisms (Golinska et al., 

2014; Zarina & Nanda, 2014). 

Actinobacteria are considered as an 

important resource for new products of 

medical and industrial interest such as 

antimicrobial agents (Bhosale et al l., 2015; 

Mohamedin et al., 2015). Streptomyces sp is 

one of the genera of Actinobacteria, an 

efficient producer of bioactive compounds 

like antibiotics and nanoparticles which can 

be formed extracellularly and intracellularly, 

with a wide range of activities (Karthik et 

al., 2014; Lakshmi et al., 2015). The 

growing resistance of pathogenic bacterial 

strains to traditional antibacterial treatments 

has encouraged alternate strategies to 

control infections. One of these alternative 

strategies is combinatorial therapy, the 

combination of antibiotics and metal 

nanoparticles has numerous benefits that 

include increase the antibiotics’ efficacy 

against resistant pathogens (Li et al., 2005; 

Fayaz et al., 2010). Moreover, nanoparticle-

antibiotic combination lowers the amount of 

both agents in the dosage, which reduces 

toxicity and increases antimicrobial 

properties. Additionally, due to this 

combination, the concentrations of 

antibiotics were increased at the place of 

antibiotic-microbe contact and thus 

accelerated the binding between microbes 

and antibiotics preventing need for long 

term antibiotic use, prevent emergence of 

multidrug resistant bacteria (Allahverdiyev 

et al., 2011).Up till now few reports are 

available on synergistic bactericidal activity 

of inorganic nanomaterials in combination 

with beta lactam antibiotics as penicillin and 

to the best of our knowledge synergistic 

activity of AgNPs nanoparticles with 

penicillin have not yet been thoroughly 

investigated. In this article, we attempted to 

synthesize, characterize, and evaluate 

antimicrobial activity of Ag-NPs synthesis 

using Streptomyces rochei strain MFA-37 

isolated from Egypt, moreover study 

synergistic effect of Ag-NPs combined with 

antibiotics against multidrug-resistant 

Staphylococcus aureus recovered from 

Libya. 

 

MATERIALS AND METHODS 

Soil sample collection and isolation of 

actinobacteria 

Soil samples were collected from 

cultivated soil in Dakahleya, Egypt during 

April 2017.20 g of the soil was air-dried for 

3 days at room temperature.Isolation and 

purification of Actinobacteria isolates were 

performed according to Tsao et al. (1960). 

 

Screening of Ag-NP synthesizing 

actinobacteria 

The preparation of cell-free 

supernatant and the biosynthesis of Ag-NPs 

were performed according to El-Naggar et 

al. (2016).The biosynthesis of AgNPs can be 

inferred by a color change from pale yellow 

into brown color and confirmed with UV-

visible absorbance of the reaction mixture in 

the 300–600nm range (El-Naggar et al., 

2016). The potent isolate selected for further 

characterization. 

 

Characterization of the selected 

actinobacterial isolate 

The selected isolate MFA-37 was 

characterized by light microscope (Optika, 

Italy) using slide culture technique and 

transmission electron microscopy (JEOL 

Technics Ltd, Japan) at the Regional Center 

for Mycology and Biotechnology, Al-Azhar 

University, Cairo. It was also characterized 

physiologically and biochemically according 

to (Holt et al., 1994). Molecular 

identification was done using 16S rDNA 

analysis according to Atta et al. ( 2011). 
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Biosynthesis and purification of silver 

nanoparticle 

Ag-NPs was prepared as mentioned 

above using the supernatant of the selected 

strain MFA-37. The silver ions reduction 

was indicated via visual observation of color 

and by monitoring the UV–Vis spectra 

(Abd-Elnaby et al., 2016). The obtained of 

Ag-NPswas purified by centrifuged and 

washed with deionized water, the Ag-NPs 

were dried using a hot air oven at 60°C until 

a constant weight was obtained (Singh et al., 

2013). 

 

Characterization of Ag-NPs 

The opto-electronic properties of the 

biosynthesized Ag-NPs were measured by 

ultraviolet–visible absorption spectra (UV–

vis, Hitachi U-2800) in the range of 200–

800 nm. The Fourier transform infrared 

spectroscopy (FTIR) spectrum of the sample 

was recorded on a on Agilent system Cary 

630 FTIR model –Chemistry Department, 

Faculty of Science, Al-Azhar University, 

Cairo, Egypt, in the range 400 –4,000cm–1 

in FT- IR spectroscopy at a resolution of 1 

cm-1.The spectral data obtained were 

compared with the reference chart to 

identify the functional groups present in the 

sample.The size and shape of the products 

were observed by High-resolution 

transmission electron microscopic (HR-

TEM) (JEOL 2100 Japan, at National 

Research Center (NRC), Giza, Egypt).The 

crystalline structure of the biosynthesized 

AgNPs was characterized by X-Ray 

diffraction that was carried out using the 

Shimadzu apparatus with nickel-filter and 

Cu-Ka target, Shimadzu Scientific 

Instruments (SSI), Kyoto, Japan. The 

particle size distribution of AgNPs was 

evaluated using Dynamic Light Scattering 

(DLS) measurement conducted with a 

Malvern Zetasizer Instrument. 

Measurements were taken in the range 

between 0.1 and 1000 μm. Data obtained 

were analyzed using Zetasizer software. The 

XRD and DLS were measured at the 

National Center for Radiation Research and 

Technology (NCRRT), Cairo, Egypt. 

Zetasizer Nano ZS, Malvern, UK was used 

to characterize the zeta potential of the 

nanoparticles in the solution. Data were 

obtained and analyzed using Zetasizer 

software, samples were examined at Nawah-

Scientific center, Almokattam, Cairo, Egypt. 

Generally, Characterization of AgNPs were 

carried out according to (Anandalakshmi et 

al., 2016). 

 

Antibacterial activity of AgNPs 

Multidrug resistant Staphylococcus 

aureus isolates were recovered from Tripoli 

University Hospital, Tripoli, Libya and 

coded as AS-185 andSA-325. The 

identification and antibiotic sensitivity were 

carried out for these isolates by Biomerux 

VITEK2 automated system Version 05.04 

(BioMérieux Inc.) at microbiology 

laboratory, Tripoli university hospital. Stock 

solution of biosynthesized Ag-NPs (5 

mg/ml) was prepared in distilled water then 

the antibacterial activity was determined 

against MDR S. aureus AS-185 andSA-325. 

This assay was performed using agar well 

diffusion technique, in which, wells (8 mm) 

were cut in Muller Hinton agar (Merck 

KgaA, Germany) plates inoculated with 

tested bacteria. Fifty microlitres of AgNPs 

solution were pipetted into each well. After 

incubation at 37 °C for 24 h, the inhibition 

zone diameter around each well was 

measured in mm Antibiotic paper disks of 

Penicillin and vancomycin were used for 

comparison in this assay that was carried out 

according to Kirby-Bauer method according 

to (Bauer et al., 1966; Moghannem et al., 

2017). 
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Assessment of AgNPs synergistic activity 

in combination with antibiotics 

To determine the synergistic effect 

of AgNPs in combination with antibiotics, 

different antibiotics belong to different 

classes of antibiotics: Amoxicillin, 

Amoxicillin- clavulanate, Cefoxitin, 

Cefuroxime, Ciprofloxacin, Erythromycin, 

Gentamicin, Methicillin, Nalidixic acid, 

Neomycin, Oxacillin, Penicillin, Polymyxin 

B, and Tetracycline were used. A disc 

diffusion method was performed to screen 

the synergistic activity of AgNPs and 

antibiotics. All antibiotics were used in the 

form of standard antibiotic discs 6mm in 

diameter (HiMedia Laboratories Pvt. Ltd, 

Mumbai, Maharashtra, India). Bacterial 

suspension of MDR S. aureus AS-185 

andSA-325 were spread on MHA plates 

then, standard antibiotic disk was 

impregnated with25 µl of prepared AgNPs 

(0.25 mg/ml) and gently placed on the MHA 

plates as well as standard antibiotic disk 

without AgNPs and impregnated paper disk 

at the same concentration. After48 h of 

incubation at 37 °C, the inhibition zone 

(mm) was measured. This assay was 

performed in triplicate and the increase in 

fold area was estimated by measuring the 

mean of the inhibition zone produced by an 

antibiotic alone and in combination with 

AgNPs, according to the following equation: 

𝐓𝐡𝐞 𝐟𝐨𝐥𝐝 𝐢𝐧𝐜𝐫𝐞𝐚𝐬𝐞 𝐚𝐫𝐞𝐚 =
(𝐁𝟐 −  𝐀𝟐)

(𝐀𝟐)
 

Where A is ZOI for the antibiotic and B is 

ZOI for the antibiotic + Ag-NPs (Birla et al., 

2009). 

 

RESULTS AND DISCUSSION 

 

Isolation and Screening of Actinobacteria 

for Extracellular biosynthesis of AgNPs 

Actinobacterial isolates were 

recovered from soil samples and purified by 

streaking on SNA medium. These isolates 

were screened for extracellular biosynthesis 

of Ag-NPs. According to this screening, the 

isolate MFA-37 was selected. The color of 

reaction mixture changed from light yellow 

to dark brown at end of incubation time. No 

color change was observed during 

incubation of both silver nitrate solution and 

cell free supernatant without AgNO3 (Fig. 1-

A & 1-B). The UV- Visible spectra of silver 

nitrate solution, cell free supernatant of 

actinobacterial isolate MFA-37 and reaction 

mixture were completely different and the 

reaction mixture of AgNPs was seemed the 

highest absorbance at 400- 450 nm (Fig. 2). 

The change in color of the reaction 

mixture may attributed to the reducing and 

capping potential substances present in the 

cell free supernatant of actinobacterial 

isolate MFA-37. The brown color of the Ag-

NPs is due to excitation of surface plasmon 

vibration in Ag-NPs (Phanjom & Ahmed, 

2015). It is observed from Figure (1-C) that 

the synthesized AgNPs display a clear and 

single surface plasmon resonance (SPR) 

peak located at 400-450 nm which confirms 

the reduction of silver ion to metallic silver. 

Metal nanoparticles have free electrons, 

which yield a surface plasmon resonance 

(SPR) absorption band, due to the mutual 

vibration of electrons of metal nanoparticles 

in resonance with light wave. The 

appearances of the peaks show the 

characteristics of surface plasmon resonance 

of Ag-NPs (Anandalakshmi et al., 2016). 
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A B C 

  

Fig. (1): Photographs of biosynthesis of silver nanoparticle(A): AgNO3, (B): cell free 

supernatant of actinobacterial isolate MFA-37, and (C): reaction mixture after 24 h. 

 

Characterization of actinobacterial isolate 

MFA-37 

Morphological characteristics 

Microscopic examination of 

actinobacterial isolate MFA-37 grown on 

SNA medium at 28°C for 7 days (Fig. 3-A) 

using slide culture technique indicated that, 

aerial mycelium was long rectiflexibile to 

spiral with open loop bearing spore chain. 

Transmission electron microscopy was 

confirmed that, each spore chain contains 

more than 30 cylindrical spores with smooth 

surface (Fig. 3-B and 3-C). 

Culture characteristics  

Culture characteristics of isolate 

MFA-37were noted after their cultivation on 

different International Streptomyces Project 

(ISP) media. This isolate was grown well on 

ISP-3, ISP-5, ISP-7 and SNA media while 

the growth on ISP-2, ISP-4 and ISP-6 was 

moderate. It produced white to grey 

powdery colonies on the surface of agar 

while reversed side varied between light 

yellow to brown without diffusible pigment 

on all ISP and SNA media (Table 1). 

Fig.(3):photograph of culture isolate MFA-37 on SNA medium(A), Spore chain bearing 

hyphae by light microscopy (X800) (B) and Spore chain arrangement and spore surface by 

TEM; (X10000) (C). 
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Physiological and biochemical 

characteristics 

Isolate MFA-37 grows well on ISP-9 

medium amended with different types of 

sugars that was used as a sole carbon source. 

The growth was observed at a wide range of 

temperature (15 – 40 nm). NaCl 

concentrations suppressed the growth 

starting from 5% and above. The isolate 

succeeded to grow on Czapekʼs medium as 

shown in Table (2). The morphological, 

physiological and cultural characteristics 

indicated that the soil isolate belonged to the 

genus Streptomyces. 

 

Table 1: Culture characteristics of isolate MFA-37on different ISP media 

Medium Aerial 

mycelium 

Substrate 

mycelium 

Diffusible 

pigment 

Growth 

density 

Yeast extract malt extract agar medium (ISP-2) White Brown No Moderate 

Oatmeal agar medium (ISP-3) Grey Light yellow No Good 

Inorganic salts starch agar medium (ISP-4) White  Yellow No Moderate 

Glycerol - asparagine agar medium (ISP-5) Grey Light brown No Good 

Peptone yeast extract iron agar medium (ISP-6) Creamy Light brown No Moderate 

Tyrosine agar medium (ISP-7) White Brown No Good 

Starch nitrate agar (SNA) Grey Light brown No Very good 

 

 

Molecular characterization

The molecular identification of 

isolate MFA-37 using 16s rRNA gene was 

performed. The small subunit of rRNA 

(16S) was amplified using universal primers 

RW01 and DG74 and sequenced resulting in 

partial nucleotide sequences of 480bps. The 

obtained sequence of isolate MFA-37 was 

compared with available 16S rDNA 

sequences in the Gen Bank databases using 

BLASTn tool and the present data referred 

to that, the isolate MFA-37 belonged to 

genus Streptomyces with greatest homology 

(97%) to S. rochei published sequences. The 

partial sequence of 16S rDNA of isolate 

MFA-37 was deposited in Gen Bank under 

the accession number MH577306.A 

multiple sequence alignment was 

constructed between the isolate MFA-37 and 

reference strains. Phylogenetic analysis was 

performed by construction of phylogenetic 

tree using a neighbor joining method to 

describe the relationships among all 

Streptomyces isolates (data not shown). 

The resulted sequence was aligned with 

available almost compete sequence of type 

strains of family streptomycetacae. It formed 

separate clade that was closely related to 

Streptomyces rochei strain NRRL B-1559 

sharing 16s rRNA gene similarity matrix is 

97% with this species and others but, the 

results of microscopic, physiological and 

biochemical characteristics of isolate MFA-

37 suggest that this isolate is Streptomyces 

rochei strain MFA-37 according to Hensyl 

(1994). 
 

http://www.aasd.byethost13.com/
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Characterization of Ag-NPs 

Ultra Violet-Visible (UV-Vis) 

Spectroscopy 

The biosynthesized AgNPs were 

characterized by UV-visible spectroscopy, 

which has been shown to be a valuable and 

important tool for the analysis of metal 

nanoparticles. In the UV- visible spectrum, a 

strong, broad peak at about 440 nm was 

observed for AgNPs indicating the presence 

of AgNPs (Fig. 4). In agreement with 

previous reports, the absorption peak 

between 400 and 450 nm clearly indicates 

the formation of Ag-NPs and this due to the 

excitation of plasmon resonance 

(Manikprabhu & Lingappa, 2013; and 

Kumar et al., 2015). 

 

Fourier Transform Infrared (FTIR) 

Spectroscopy analysis 

The FTIR analysis was used for the 

characterization of AgNPs in cell free 

filtrate Streptomyces rochei strain MFA-37. 

FTIR assessment revealed the ranges 

between 400 to 4000 cm-1 (Fig. 5). The IR 

analysis showed the following: the sharp 

peaks at 3448.7 cm−1 were indicative of the 

N-H stretching of amides, the peak at 1635.6 

cm−1 were attributed to the N-H bending of 

amines, the peak at 1396.4 cm−1 was 

ascribed to the NO2 asymmetric stretching 

of nitro compounds, the peak at 1087.85 

cm−1 was attributed to the C-N stretching of 

amines, the peak at 1087.8 cm−1 was 

attributed to the C-N stretching of amines 

and 563.21 cm−1 (C-Br stretch of alkyl 

halides).FTIR were carried out to identify 

the biomolecules for capping and efficient 

stabilization of the metal nanoparticles 

synthesized. From the analysis of FTIR 

studies we concluded that the amide and 

amine groups from the amino acid residues 

and proteins have the stronger ability to bind 

metal to prevent agglomeration and thereby 

Table 2: Physiological and biochemical characteristics of isolate MFA-37 

Characteristics Results Characteristics Results 

Utilization of carbon sources Growth at different temperatures (˚C) 

D- Glucose ++ 15 + 

L-Rhamnose + 20 + 

D-Xylose ++ 25 ++ 

Mannitol + 30 ++ 

Inositol - 35 + 

Sucrose ± 40 + 

Arabinose + 45 - 

Cellulose - Growth at different concentration of NaCl (%) 

Fructose ++ 1% ++ 

Starch ++ 2% ++ 

Utilization of amino acids  3% ++ 

Lipid hydrolysis + 4% + 

Starch hydrolysis + 5% - 

Casein hydrolysis + 6% - 

Urea degradation + 7% - 

Catalase + 8% - 

Oxidase + 9% - 

Growth on czapekʼs medium + 10% - 
“+” indicate Positive, “-” Negative, “±” doubtful results, “+” moderate growth “++” good growth. 

http://www.aasd.byethost13.com/
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Fig. (4): The UV/V is spectrum of the Ag-NPs synthesized by Streptomyces rochei  

strain MFA-37. 

 

stabilize the medium. This suggests that the 

biological molecules could possibly perform 

dual functions of formation and stabilization 

of Ag-NPs in the aqueous medium (Majeed 

et al., 2016). 

 

Size and morphology analysis of AgNPs 

using HR-TEM 

HR-TEM micrographs of the 

biosynthesized AgNPs revealed distinct, 

uniformly crystalline and a quasi-spherical 

structure of the Ag-NPs in the reaction 

solution. These nanoparticles were well 

separated from each other. The average 

particle size was estimated from measuring 

particles representing different size from 

TEM images and showed particle sizes 

between 2 and 20 nm (Fig. 6). 

Several reports revealed that, the 

extracellular biosynthesized AgNPs are pre-

dominantly spherical in shape (Raut et al., 

2009; Deepa et al., 2013) reported that Ag-

NPs synthesized from marine Actinobacteria 

shows size of nanoparticles ranging from 20 

to 30 nm. 

 

X-ray diffractometry 

The crystalline nature of 

biosynthesised Ag-NPs was analysed using 

powder X-Ray diffractometer. This method 

was used to confirm the particles as silver 

and identify the phase composition, 

crystalline structure and size of the 

biosynthesized Ag-NPs (Daphedar & 

Taranath, 2018).The data represented in 

(Fig. 7) show the XRD pattern of Ag-NPs. 

The pattern clearly shows the main peaks at 

2θ 38.19, 44.37, 64.56 and 77.47 

corresponding to the (111), (200), (220) and 

(311) planes, respectively. By comparing 

JCPDS (file no: 89-3722), The XRD pattern 

thus clearly illustrates that the Ag-NPs 

formed in this present synthesis are 

crystalline in nature and having face centred 

cubic (fcc) crystal structure. 
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Fig. (5): The FTIR spectrum of the Ag-NPs synthesized by Streptomyces rochei 

strain MFA-37. 

 

The average crystalline size of the Ag-NPs 

was determined, and their average size 

found to be 14 nm. 

 

Particle size distribution  

Dynamic light scattering (DLS) is a valuable 

technique to evaluate particle size, and size 

distribution of nanomaterials in solution. 

DLS was carried out to determine particle 

size in aqueous solutions and Laser 

diffraction studies revealed that particle size 

obtained from DLS were monodisperse in 

nature and are in the range of 14.2±1.6 nm 

(Fig. 8). Saha et al. (2010)reported that the 

particle size distribution of Ag-NPs 

synthesized by phytopathogenic fungus 

Bipolaris nodulosa using its mycelia free 

media shows that particles are monodisperse 

mixture, with particle size 10-60 nm.  

 

Potential measurement 

The zeta potential value is the total 

number of charges of the functional group 

with a negative charge on the surface of 

AgNPs (Borase et al., 2013). In this study, 

the zeta potential value of the dispersed Ag-

NPs in distilled water recorded -20.5 mV as 

shown in Figure (9). This value indicates 

that Ag-NPs produced in this study are 

stable, and suitable for long-term storage, 

and with this charge also became more 

dispersed and were difficult to agglomerate 

and this similar to finding by Jinmeng et al. 

(2017) who indicate that the potential value 

of AgNPs that was synthesized from rice 

straw biomass was -21.2 mV and they 

concluded that those nanoparticles charge 

made it good stable and suitable for long-

term storage and the higher absolute value is 

made nanoparticles in suspension more 

stability. 

 

Antibacterial activity of AgNPs 

In the present investigation, the 

antibacterial activity of biosynthesized 

AgNPs was determined against MDR S. 

aureus SA-185 and SA-325 clinical isolate 

by agar diffusion method. The results 

indicated that AgNPs exhibited antibacterial 

effect with inhibition zone (22 mm) also 

vancomycin showed an inhibition zone of 22 

mm, on the other hand, penicillin seemed as 

ineffective against both isolates (Fig. 10). 

The formation of inhibition zone around the 

well was an indication of antibacterial 

activity of Ag-NPs (Narasimha et al., 2013).  

http://www.aasd.byethost13.com/
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Fig. (6):HR-TEM image of the AgNPs formed by the reaction of 1mM AgNO3 and the cell-

free supernatant of Streptomyces rochei strain MFA-37, Scale bar = 50nm. 

 

 
Fig. (7): XRD pattern of synthesized Ag-NPs by Streptomyces rochei strain MFA-37. 

 

Both vancomycin and penicillin were used 

as positive and negative control respectively 

to compare their action with the action of 

biosynthesized AgNPs against this clinical 

isolate. The selection of these two types of 

antibiotics was done according to their 

antibiotic profile which determined 

manually and automatically using paper disc 

agar diffusion method and vitek2 system 

respectively. 

 

 

Assessment of AgNPs synergistic activity 

in combination with antibiotics 

In the current study, the efficacy of 

biosynthesized AgNPs alone and in 

combination with different antibiotics was 

studied against MDRS. aureus AS-185 and 

SA-325 clinical isolate using the disc 

diffusion method. Antibiotics used in this 

study belong to different groups and had 

different modes of action as indicated in the 

Table (3). 
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Fig. (8): DLS pattern of synthesized Ag-NPs by Streptomyces rochei strain MFA-37. 

 

Generally, the Ag-NPs enhanced the 

antimicrobial activity of all tested antibiotics 

with a different degree for both organisms 

(Table 3), where the Increase in fold area 

varied from one antibiotic to another. and 

also differ in both tested isolates, the 

increase varied from 0.15 to 6.37-fold. 

There was an increase in antimicrobial 

activities of all antibiotics when combined 

with AgNPs. There was an increase in 

antimicrobial activities of all antibiotics 

when combined with AgNPs that suggests 

that these can enhance the activity of these 

antibiotics, which may be promising drugs 

for the treatment of MRSA infectious 

disease, especially the superficial injuries. 

Interestingly, amongst the selected 

antibiotics, penicillin in combination with 

Ag-NPs showed the highest activity against 

two tested bacteria (Table 3).These results 

similar to the findings of Birla et al. (2009) 

who mentioned increasing efficacies 

(percentage) of antibiotics like vancomycin, 

gentamycin, streptomycin, ampicillin, and 

kanamycin when used in combination with 

AgNPs against P. aeruginosa, S. aureus, and 

E. coli. Fayaz et al. (2010) assessed the 

antibacterial activities of ampicillin, 

chloramphenicol, erythromycin, and 

kanamycin combined with AgNPs against 

Gram-negative and Gram-positive bacteria, 

they concluded that the antibacterial activity 

of all antibiotics increased in the presence of 

AgNPs. Moreover, the highest synergistic 

effect was observed with ampicillin. 

 

Fig. (9): Zeta potential of synthesized Ag-NPs by Streptomyces rochei strain MFA-37. 
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Conclusion 

This study represents an effective 

synthesis method of Ag NPs via greenway 

using cell-free filtrate of Streptomyces 

rochei strain MFA-37 as bio-reductant and 

capping agents. Physical characterization 

indicates that the biological synthesis of Ag-

NPs in a crystalline form ranged in size 2–

20 nm. The antibacterial activity of the 

particles was tested against multi-drug 

resistant S. aureus strains and showed high 

effectiveness against the tested bacteria. The 

combination of AgNPs with different 

antibiotics with a different mode of action 

was also screened and the study 

demonstrates the synergistic effect of 

antibiotics and nanoparticles which can be 

effectively used in order to improve their 

efficacy against S. aureus strains as a model 

of pathogenic microbes. AgNPs were found 

to be most effective with the antibiotics 

inhibiting cell wall synthesis followed by 

protein synthesis and nucleic acid synthesis 

against tested S. aureus strains. The feature 

of enhancement of the antibacterial potential 

of antibiotics using biosynthesized AgNPs 

can be utilized in the development of 

enhancement of antibiotic activity. 
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Fig. (10): Antibacterial activity of AgNPs, penicillin and vancomycin against MDRS. aureus SA-

325. 

Table 3: Screening of synergetic effect between antibiotics and AgNPs 

Types of antibiotics 
Name of the 

antibiotics 
code 

Potency 

(µg/dis

k) 

 MRSA-185  MRSA-325 

 a b y  a b y 

Inhibition of bacterial nucleic acid synthesis 

FLUOROQUINOLONE Ciprofloxacin CIP 5  0(R) 16 6.11  0(R) 14 4.44 

QUINOLONE Nalidixic acid NA 30  7(R) 16 4.22  9(R) 16 2.16 

Inhibition of bacterial protein synthesis 

AMINOGLYCOSIDES 
Gentamicin CN 10  8(R) 15 2.5  0(R) 15 5.25 

Neomycin N 30  14(R) 15 0.15  0(R) 14 4.44 

MACROLIDES Erythromycin E 15  0(R) 16 6.11  0(R) 13 3.69 

TETRACYCLINES Tetracycline TE 30  12(R) 18 1.25  11(R) 16 1.11 

Inhibitors of bacterial cell wall synthesis 

PENICILLINS 

Penicillin P 10 U  0(R) 16 6.11  7(R) 19 6.37 

Amoxicillin AX 25  12(R) 18 1.25  8(R) 20 5.25 

Oxacillin OX 1  0(R) 15 5.25  0(R) 12 3.0 

Methicillin MET 5  0(R) 15 5.25  0(R) 12 3.0 

PENICILLIN 

COMBINATION 

Amoxicillin-

clavulanate 
AMC 20/10  18(R) 23 0.63  0(R) 16 6.11 

CEPHALOSPORINS 
Cefoxitin FOX 30  0(R) 15 5.25  0(R) 13 3.69 

Cefuroxime CXM 30  7(R) 13 2.44  0(R) 16 6.11 

Inhibitors of bacterial cytoplasmic membrane function 

LIPOPEPTIDES Polymyxin B PB 300 U  13(R) 14 0.16  0(R) 13 3.69 

In the absence of bacterial growth inhibition zones, the disc’s diameter (6 mm) was used to calculate according to 

this equation: increase in fold area = (b2 - a2)/a2. Mean diameter of inhibition zone of only AgNPs is 15.4 mm. 
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 نشاط المضادات الحيوية بواسطة جسيمات الفضة النانوية المخلقة ميكروبيا تعزيز
 ،  2 أ.م.د. سعد عطية محمود مغنم، 2 محمد السعيد الشربينيأ.د. جمال ،  1 أ. محمود الفيتوري العماري أبوشيبة

 3 أ.د. ايناس حامد محمد الشطورى، 3 د. على محمد على سعيد، 2د. محمد حسين عبدالفتاح قلبة 

 ليبيا   -  رهونةت  –جامعة الزيتونة  - ة العلوم ي كل  -  قسم البيولوجى -1

 مصر  - القاهرة   - جامعة الازهر –)بنين(  كلية العلوم    - قسم النبات والميكروبيولوجى  -2

 مصر  –  القاهرة -جامعة عين شمس –كلية العلوم   - قسم الميكروبيولوجى  -3

 المستخلص
الطرق الواعدة, فهي رخيصة نسبيا وصديقة  عملية التخليق الحيوي للجسيمات النانوية تعتبر من 

للبيئة. من بين مختلف الكائنات الحية الدقيقة، تعتبر البكتريا الخيطية من أهم الكائنات فاعلية في تخليق 
من ( Ag-NPs) خارج الخلية الجسيمات النانوية.في هذا العمل، تم التخليق الحيوي لجسيمات الفضة النانوية

. تم الاستدلال MFA-37السلالة  ستربتوميسس روتشيمع راشح مزرعة البكنريا خلال مزج نترات الفضة 
 UV–Vis)على تخليق جسيمات الفضة النانوية من خلال التحليل الطيفي للأشعة المرئية والفوق البنفسجية 

spectrum ،)كذلك أظهر تحليل طيف   نانومتر.  440حيث أظهرت المزيج ذروة امتصاص عند الطول الموجي
المسؤولة عن استقرار هذه قد تكون يدات التي إلى وجود مجاميع الأمينات والأم( FTIR)الأشعة تحت الحمراء 

شكل وحجم الجسيمات النانوية تم تحديدها باستخدام تقنية المجهر الإلكتروني النافذ عالي الدقة  الجسيمات.
(HR-TEM)  وتقنية تشتت الضوء الديناميكي(DLS)  وتقنية حيود اشعة أكس(XRD)  والتي أشارت بأن

نانومتر، ذات توزيع متجانس في  20إلى  2بأنها كروية الشكل بحجم يتراوح من جسيمات الفضة النانوية تتميز 
ملي   20.5-وصلت إلى    (Zeta potential)بجهد زيتا    هذه الجسيمات  المحلول بشكل جيد، وعند تقديرشحنة

وقد أجري تعزيز للنشاط الضد بكتيري لأربعة عشر مضادا حيويا عن طريق الجمع بين هذه المضادات  فولت.
تم تحديد النشاط التأزري للمزيج ما بين جسيمات  الحيوية المختلفة مع جسيمات الفضة النانوية المخلقة حيويا.

على الاجار ضد اثنين من سلالات  الفضة النانوية وهذه المضادات الحيوية باستخدام طريقة انتشار الأقراص
أعلي تأثير  كان  المعزولة من ليبيا. SA-325و SA-185المكورات العنقودية الذهبية المقاومة للادويه المتعددة 

مرة, ثم  4.44و  6.11 مرة, يليه السبروفلوكساسين 6.37و  6.11تأزري لهذه الجسيمات مع البنسيلين
 علي التوالي.  SA-325  والسلالة  SA-185مرة لكل من السلالة    3.69و   6.11الاريثروميسين
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إن هذا النشاط لمزيج جسيمات الفضة النانوية والمضادات الحيوية يمكن وقد أتضح من نتائج الدراسة 
أن يكون له قيمه علاجية لتصنيع الادويه الهجينة لقتل أو منع العدوي البكترية المتسببة بواسطة المكورات 

 العنقودية الذهبية المقاومة للادويه المتعددة خاصه في حاله الإصابات السطحية.
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