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ABSTRACT 
The bacterium Pseudomonas sp. was used for biosynthesized nano-silver particles by the reduction of 

silver nitrate in liquid culture. The Electron Microscopy observation showed that the produced particles were in 
size ranged from 19 to 180 nm. The antimicrobial activity of these particles was investigated against plant 
pathogenic bacteria; Erwinia amylovora, Erwinia carotovora subsp. Carotovora, Erwinia carotovora subsp. 
Atroseptica, Ralstonia solanacearum and results revealed that the nanoparticles have antibacterial activity 
against the examined bacteria and the inhibition sizes ranged between 9-15mm. Both of the pseudomonas 
bacterial cells and its culture filtarate were immobilized on different matrixes such as; ImmobaSil D, SIRAN 
and sodium alginate, separately. The antibacterial activity of resultant; matrix-cell-nanosilver and matrix-
filtrate-nanosilver complexes was higher than that obtained by the nanosilver and the inhibition zones were 
ranged 10-20mm. Moreover, immobilization prolongs the life of biopesticide and protects the embedded from 
the suppression effect of the environmental factors. It can be concluded that immboloized materials is a good 
carrier for nanopesticides.  
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Introduction 
Plant disease causes huge losses in plant production in Egypt and all over the world. Root rot and soft rot 

diseases are two common diseases which infect plant crops.  Moreover, the brown root rot disease in Egypt 
represents a serious problem for potato production and exportation (Abd-Elhak, 2005). This disease caused by 
Ralstonia solanacearum and it was recorded for the first time on potato in Egypt in 1925 by Brition- Jones 
(1925). Bacterial soft rot is a very common disease infected the potato tubers by Erwinia carotovora subsp. 
carotovora bacterium.  

It well known that nanoparticles are being the essential building stones of the field of nanotechnology. 
Many organisms could be used for green synthesis of different types of nanoparticles, these particles are differed 
in size and shape. For that, there are different methods used for green synthesis of nanoparticles which became 
necessary for many applications (Rammohan and Balakrishnan, 2011). Generally and in most of the literature 
the biosynthesized nanoparticles have sizes ranged from 30-180 nm (Daniel and Astruc, 2004 ; Kato, 2011 and 
Liu et al.,  2011).   

In nanotechnology, silver nanoparticles size ranged between 1 nm to 100. It well known that silver was 
commonly used as strong antimicrobial but now silver nanoparticles can be used for biological control of some 
pathogenic microorganisms Singh, et al (2008). Silver nanoparticles could be used in different applications 
especially in the field of environment and human (Karnani   and Chowdhary, 2013). Silver and other metal ions 
showed high activity as; anti-fungal, anti-bacterial and anti-viral (Mehrbod et al., 2009 and Shahverdi and 
Fakhimi, 2007 and Kheybari et al. (2010). 

Immobilization is more important for reuse the goal materials more than one time, different methods have 
been approached for different applications. Among these methods are; adsorption, covalent bonding, 
entrapment, and cross-link (Qin, 2005). Polymers and hydrogels in solutions were shown to be promissing 
options for achieving nanoparticle stabilization (Mohan et al., 2007). 

In this study we attempt to use biosynthesized nanosilver produced by Pseudomonas fluorescens, 
Pseudomonas fluorescens filtrate and cells immobilized on different matrices such as; ImmobaSil D, SIRAN, 
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and Alginate, each was mixed separately with silver nitrate (1mM). The resultant complexes tested against some 
plant pathogenic bacteria.  
 
Materials and Methods 

 
Bacterial strains and cultivation: 

Pseudomonas fluorescens DQ201414 bacterium was obtained from (Genetic Engineering and 
Biotechnology Research Institute). The bacterial strain was cultivated on PBG medium according to Askar et al. 
(2013). The plant pathogenic bacteria; Erwinia amylovora, Erwinia carotovora subsp. Carotovora, Erwinia 
carotovora subsp. Atroseptica, Ralstonia solanacearum were kindly provided from plant pathology department, 
Faculty of Agriculture, Alexandria University.  
 
Synthesis of Ag-NPs by the P. flourescense DQ201414 culture filtrate: 

For the Ag-NPs bioproduction, Pseudomonas fluorescens filtrate was used to reduce the AgNO3 into Ag-
NPsaccording to Al-Askar et al. (2013).  
 
Immobilization techniques through different matrices: 

Both the produced nanosilver by the free cell supernatant and the cells itself were immobilized on different 
matrices. The first supporting matrix used to immobilization was SIRAN® in the form of porous sintered glass 
beads (Schott Glaswerke, Mainz, Germany). The second supporting matrix which was the silicone foam 
ImmobaSil (Ashby Scientific Ltd, England), which is a recently developed high performance support material 
for immobilizing microorganisms. Two types of silicone ImmobaSil have been used (FS and D). The silicone 
foam ImmobaSil is resistant to both biological and chemical attack. Its mechanical strength, coupled with its 
intrinsic elasticity, means that it can withstand unusually high impact and shear stresses (Beshay phD, 1998). 

Finally, Calcium Alginate was used according to Iohansen and Flink (1986). The average diameter of the 
beads was determined by direct observation according to the method of Nguyen and Luong (1986). Magnifying 
glass was used to measure the diameter of a number of randomly chosen beads (10 beads). The observed beads 
were spherical and uniform.   
 
Reductase enzyme determination in the culture of immobilized Pseudomonas fluorescens DQ201414 and free 
cells: 

Samples of the culture liquid were taken from both immobilized cells and free cell supernatant 
immobilized in the previous mentioned matrices. Nitrate Reductase assay was performed at indicated intervals 
for determination the enzyme activity for both immobilized cells and immobilized cell free supernatant 
according to Harley  and Saifuddin et al. (2009) using NADH as a substrate. The developed pink color was 
measured spectrophotometer. The enzyme activity was finally expressed in terms of nmoles of nitrite/ml/h. The 
bacterial culture filtrate was used as control under the same cultivation conditions. 
 
Scanning Electron Microscope (SEM) to assess bacterial immobilization: 

Direct investigation of the immobilization of P. flourescence bacterial cells was performed using a 
scanning electron microscope (SEM) model JEOL-JXA-840A Electron Probe with a Microanalyzer attached to 
a EDX unit with accelerating voltage 30 KV magnification 10x up to 400x and resolution for (3.5 nm). 

 
UV–visible spectra analysis: 

 The biosynthesis of Ag-NPs was monitored periodically in a UV–visible spectrophotometer and the O.D. 
was measured at 420nm.  
 
Antibacterial assay for the immobilized bacterial cells and the immobilized nanosilver: 

The antibacterial activities of silver nanoparticles were investigated by well diffusion method according to 
Kavanagh (1972) and Al-Askar et al. (2013). The antibacterial assays were carried out on the previous 
mentioned plant pathogenic bacteria and the resultant inhibition zones were measured, averaged and the mean 
values were calculated. 

  

Results and Discussion 
 
UV-Vis spectrophotometer analysis:  

The Pseudomonas fluorescens DQ201414 culture filtrate was a pale white yellow color before the addition 
of silver nitrate and this color was changed into dark brown color due to the formation of Ag+ ions during the 
first 72 h of incubation. The appearance of a yellowish-brown color in solution of the bacterial filtrate is a 
remarkable of the formation of Ag-NPs in the filtrate (Chan et al. 2005). Results presented in Table (1) revealed 
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that the optical density of the AgNO3 solution increased with increasing the reduction of silver nitrate into silver 
ions. The same observation was reported by El-Deeb et al., 2013, Al-Askar et al., 2013 and El-Aassar et al., 
2013). The SEM observations showed that the obtained Ag-NPs are roughly spherical in shape with smooth 
edges and their sizes are ranged from 31 to 47 nm (Fig.1). El-Deeb et al. (2013) synthesized the nansilver using 
the honey bee insects and the size of the resultant silver nanoparticles was ranged from 100 to 130 nm. 
Whenever, the size of nanoparticles produced by fungus Fusarium sp. was ranged from 16 to 32 nm (Al-Askar 
et al., 2013).  

 
Table 1: The color intensity of the formed nanosilver in the bacterial culture filtrate  

OD 420 1st day 
2nd day 

 
3rd day 

 
4th day 

 
5th day 

 
6th day 

 
7th day 

 
8th day 

9th day 
 

Turbidity 0.083 0.109 0.110 0.399 0.519 0.681 0.897 1.122 1.163 
 

 
 
Fig. 1: Scanning Electron Microscope (SEM) image for the biosynthesized nanosilver using P. fluorescens 

 
Both of cells and the filtrate of Pseudomonas fluorescens bacterial strain was immobilized on SIRAN and 

spherical nanoparticles with sizes ranged from 19 to 44 nm were observed (Fig. 2A) but the SIRAN mixed with 
bacterial filtrate was observed as sheet contains a lot of caves (Fig. 1B) without any appearance of nanosilver. 
On the other hand, ImmobaSil D (Fig. 2C) support the formation of nanoparticles (with sizes ranged 11-21nm) 
embedded on the cells. But figure (2D) is a representative SEM image of the bacterial filtrate forming sheet 
contains a low numbers of nanosilver with sizes ranged from 82 to 144nm.  This image reveals non-
homogeneous silver nanoparticles attached on to the matrices. Moreover, Uzunova et al. (2002) deduced that by 
the immobilization process, large groups of vegetative cells (Bacillus sp.) continued to grow rapidly inside the 
beads. Furthermore, there are some microorganisms that can survive metal ion concentrations and can also grow 
under those conditions, and this phenomenon is due to their resistance to that metal (Husseiny et al., 2006). 
Hamedi et al. (2014) used both fungus (Neurospora intermedia) cells and the cells free filtrate for producing the 
nanosilver and the resultant nanoparticles showed high antibacterial activity against E. coli. 

Alginate seems to support Nanoparticles on its surface as well as immobilized cells and culture filtrate 
(Fig. 2 E and F). However, incorporation of AgNPs within alginate solutions and/or hyd-rogels provides 
possibilities for controlled and prolonged release of Ag nano-particles and/or ions and production of variety of 
formulations with different compositions and forms. AgNPs have been produced in alginate solutions 
supplemented with silver salts (e.g. nitrate, sulfate) by reduction of Ag+ in other reports using sodium 
borohydride as the reductant, 11–13 or  by gamma irradiation14 or simply by heating of the solution where 
alginate served as both a reducing agent and a stabilizer (Usama et al., 2011, Sharma & Sanpui 2012). 

The three matrix-cell comples (Immobasil D, SIRAN, Alginate mixed with P. fluorescens) were used as 
biopesticide separately against the soft rot and root rot bacteria (Erwinia amylovora, Erwinia carotovora subsp. 
Carotovora, Erwinia carotovora subsp. Atroseptica, Ralstonia solanacearum) as shown in Table (2). The 
results obtained by the immobilized bacterial cells on the three materials indicated that different inhibition zones 
were observed and the size of these zones ranged from 13-15mm in diameter. On the other hand, the 
Pseudomonas fluorescens culture filtrate was immobilized on  alignate  and  screened as antibacterial against the  
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Fig. 2: (A, B, C &D): Scanning Electron Microscope (SEM) image; A: P. fluorescens cells immobilized on 

SIRAN matrix .  B:-cell free supernatant immobilized on SIRAN matrix. C- P. fluorescens cells 
immobilized on ImmobaSil D matrix .  D:-cell free supernatant immobilized on ImmobaSil D matrix. 

 

 
 
Fig. 2: E- P. fluorescens cells immobilized on Alginate matrix.  F:-cell free supernatant immobilized on 

Alginate matrix. 
 
same strains and the obtained inhibition zones ranged between 13-20 mm. Finally, the results revealed that the 
alignate matrix and alginate filtrate showed high antibacterial activity against the examined bacteria when 
compared with the others. The same results were obtained by Askar et al. (2013), when they used the Fusarium 
biosynthesized nanosilver against some plant pathogenic bacteria. The silver nanoparticles inhibit the bacterial 
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growth on the solid medium due to the hypothesis of toxification of silver metals to bacterial cells 
(Ghaseminezhad et al. 2012, Prabhu and Poulose, 2013). Wrótniak and other scientists reported that the 
biosynthesized nanosilver by different microorgnisms showed antibacterial activities against some pathogenic 
bacterial cells (Wrótniak et al. 2014,   Gaikwad et al. 2013 and Kim et al. 2008). 

Based on the results obtained by the imoblized cells and the immbolized filtrate, we assume that the high 
antibacterial activity due to the presence of reductase enzyme. This enzyme should be presented either in 
bacterial filtrate or it is produced interacelluar. For that reasons, But when the enzymes are immobilized using a 
support matrix, then the enzyme can be used for a large number of reactions (Clark, 1994). According to our 
finding many matrices that support immobilization of cells gives highest concentration of reductase enzymes, 
like SIRAN, Immobasil D. Furthermore, alginate beads immobilized with cell free supernatant that support the 
hypothesis of contribution and viability of enzymes secreted from cells that responsible for silver reduction. 
This has been reported in other works that Bacillus licheniformis known to secrete NADPH and NADPH-
dependent enzymes like nitrate reductase that effectively converts Ag+ to Ag0 (Vaidyanathan et al 2010, Ivask et 
al 2010, Uzunova et al 2002, Mollahosseini et al., 2012) 

 
Table 2: Antibacterial activity of Ag-NPs grafted on different matrix against some pathogenic plant bacteria 

Treatments Bacterial 
isolate 

Mean diameter of growth 
inhibition zones (mm) 

Cells-Immobasil D complex Erwinia amylovora,  Erwinia carotovora subsp. Carotovora 13 and 10 
Cells -  SIRAN complex Erwinia amylovora,  Erwinia carotovora subsp. Carotovora 14 and 10 
Cells -  Alginate compelx Erwinia amylovora,  Erwinia carotovora subsp. Carotovora 15 and 20 
Free cells filtrate -  Alginate 
complex 

Erwinia carotovora subsp. Carotovora,  Ralstonia 
solanacearum1,  Ralstonia solanacearum2 

10, 13, 15 

 

Table 3: Production of nitrate reductase during the synthesis of silver nanoparticles 
Immobilization matrices Nitrate reductase production (nmol/min/ml) 

Immobilized free cells supernatant Immobilized bacterial cells 
Immobasil D 95.53 690.78 
Immobasil Fs 100.94 750.61 
SIRAN 33.55 864.5 
Ceram Tec 790 850.23 
Pumus stone 50 45.89 
Alginate beads 123 320.14 

 

Conclusion 
 
The immobilization process makes possible the reuse or the continuous use of this type of biocatalyst. 

Immobilized cells are often more stable than the equivalent free cells, immobilized cells processes are easier to 
automate and enable exploitation of the advantages of various reactor configuration. Immobilized cells are 
convenient to handle, appear to be less susceptible to microbial contamination, and permit easy separation of 
products from the biocatalyst. The use of immobilized cells enables greater control throughout the reaction. The 
results also confirmed that the Alginate is the best materials for nanoparticles immobilization when compared 
with the other four tested matrix. There will be many applications in the biomaterials field, both the stabilizing 
agents and reducing agents. It can be concluded that the materials used in the immobilization process either for 
filtrate or bacterial cells may increase their efficiency as nanopesticide and it maintained the vitality of the 
produced silver nanoparticles. Furthermore the reductase enzyme showed that this materials good enough to 
keep the enzyme activity that help in the continuity of the reduction of silver nitrate to silver nanoparticles 
making vitality last long. The results also confirmed that the Alginate is the best materials for nanoparticles 
immobilization when compared with the other four tested matrix.  
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