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 In the present study, a soil actinomycete was isolated from near the river Nile shoreline, 
Egypt. The identification of this isolate as Streptomyces griseorubens was performed using 16s 
rDNA. The sequence has been deposited in the Gene Bank with the accession number LC066679. 
Factors affecting the biogenesis of AgNPs were optimized by applying the Plackett-Burman 
factorial design. The maximum silver nanoparticles (AgNPs) biosynthesis (2.76 OD at 400 
nm) was achieved in the trial No.9 that contained the following ingredients (g/L): Starch (20); 
MgSO4  (0.05); K‚ HPO4 (1.0); NaNO3  (2.0); AgNO3  (1.0) mmol/l; PH (7); incubated at temperature 
30°C for 72 hr.  The biosynthesized nanoparticles were characterized using spectroscopic 
techniques. AgNPs showed the characteristic UV spectra at a wavelength range 300 - 600 nm 
and a characteristic absorption peak was recorded at the wavelength of 400 nm. For AgNPs 
with absorbance height ofH≈2.56 a.u. and peak width at half maximum absorbance (PWHM) 
H≈120 nm which remained constant over a long period of time indicating its stability. FTIR 
spectra showed the functional group of the biomaterials capping the AgNPs. EDX confirmed 
the formation of the metallic silver nanoparticles, indicating the presence of proteinaceous 
cabbing. TEM micrograph showed spherical AgNPs in shape with an average diameter of 22 
nm. The biosynthesized AgNPs showed high stability up-to two weeks. The conjugate (AgNPs/
cellulosic fiber (C)) of Luffa aeygptiaca and (AgNPs/activated carbon (AC)) was applied for 
drinking water treatment, which resulted in fecal Coliform bacteria removal with a success of 
99.9% as a water treatment application.

Keywords: Streptomyces griseorubens, AgNPs biosynthesis, AgNPs/cellulosic fiber,
drinking water treatment application.

 Disinfection of drinking water is a 
public and major health concern1. The traditional 
chemical disinfection such as chlorine gas is an 
effective tool against E.coli pathogens but may 
react with various water constituents resulting 
in harmful carcinogenic by-products such as 
Trihalomethane2-4. In addition the emergence of 

new resistant strains to the chemical disinfection 
which show a high tolerance to these chemicals. 
The silver nanoparticles (AgNPs) have already 
been proved toxic to both aerobic and anaerobic 
bacteria5 and due to their fine and homogenized 
distributed particle size they show a high resistance 
to oxidation6. They have proved a promising 
bactericidal effect against Escherchia coli and 
Staphylococcus aureas7. The application of AgNPs 
for water treatment in conjunction with a suitable 
material as the activated carbon (AC) which is an 
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effective adsorbent, with high surface area (500 - 
1500 m².g-¹) and high porosity8, 9 is considered to 
be promising technologies and is being applied to 
various treatment processes to remove pollutants10, 

11. Generally, silver nanoparticles (AgNPs) can be 
synthesized by different methods, but the green 
synthesis approaches are more preferable than 
the conventional methods using chemical agents 
which may result in the environmental toxicity. 
Actinomycetes are the rich source of the potential 
bioactive compounds12. AgNPs synthesis has been 
reported on the use of actinomycete members 
such as Thermomonospora sp., Streptomyces 
hygroscopicus, Streptomyces albogriseolus, 
Streptomyces sp. SS2 and Streptomyces sp. 
LK313-17.
 This study aimed at the isolation, 
identification of soil actinomycetes, investigating 
their ability for green AgNPs biogenesis and 
their conjugation to the granular activated carbon 
and a local cellulosic fiber (Luffa aeygptiaca) in 
an attempt for Coliform bacteria removal from 
drinking water as an indicator for water treatment.

MATERIALS AND METHODS

Microorganisms and cultural conditions
 Five actinomycetes isolates were 
maintained on starch-nitrate agar medium 
(Waksman, 1959) with the following ingredients 
(g/L): Starch 20; KNO

3
  2; K

2
 HPO

4
  1; MgSO

4
 

·7H‚ O 0.5; NaCl 0.5; CaCO
3
 3; FeSO

4
 ·7H

2
O 0.01; 

agar 20; 3.5 mmol/l AgNO
3
 2 ml and distilled water 

up to 1 L. Slopes were incubated for a period of 
7 days at 30°C. The isolates were also stored as a 
spore suspension in 20% (v/v) glycerol at -20°C 
for further use18.
Inoculum preparation
 Erlenmeyer flask (250 ml) containing 50 
ml of starch-nitrate liquid medium containing (g/l): 
soluble starch 20; NaNO

3
  2; K‚ HPO

2
  1; MgSO

4
 

·7H
2
O 0.5  and distilled water up to 1 L were 

inoculated with three disks of 9 mm diameter taken 
from a 7-days old stock culture grown on starch 
nitrate agar medium. Culture was incubated for 72 
h in a rotatory incubator at 200 rpm and 30°C to be 
used as a seed culture for subsequent experiments19.
The synthesis of AgNPs
 In order to screen the isolates for their 
ability to synthesize AgNPs, the seed culture 

(5 ml) challenged with 50% (v/v) of AgNO
3
 

1 mmol/L and then incubated on an orbital shaker 
in a dark condition for 24 h at 30°C20. After 
ending incubation period, the scanning for the 
UV spectra at a wavelength range 300 - 600 nm 
for the characteristic surface plasmon resonance 
(SPR) at wavelength of 400 nm. The isolate with 
a characteristic absorption peak at 400 nm, the 
highest peak absorbance height that relates to high 
concentration and the lowest Peek width at half 
maximum absorbance (PWHM) which measured 
as the full width at half-maximum absorbance 
that relates to nanoparticles homogeneity was 
then selected for further analysis. The cell free 
broth media without the addition of AgNO

3
 was 

maintained as a control.
The selected isolate identification 
 The pure colony of the promising isolate 
was identified using 16S rDNA gene sequence 
analysis21 at Sigma Scientific Services Co. (Cairo, 
Egypt). The obtained sequence was then compared 
to available sequence database in Gene Bank using 
the NCBI BLAST program and deposited in the 
Gene Bank (accession no LC066679). 
Plackett-Burman experimental design
 Plackett-Burman fractional factorial 
design22, 23 was used to investigate various 
environmental factors that affect the biogenesis 
of AgNPs. Seven independent variables were 
investigated for their effect on nanoparticles 
biogenesis. For each variable, a high (+), low (-) 
level was tested and (0) level as control. All trails 
were performed in duplicates and the average result 
was considered as the response. The main effect of 
each variable was determined with the following 
equation:                                                               

Exi = (SMi+ - SMi-) / N
 Where Exi is the variable main effect, 
Mi+ and Mi- are the AgNPs biosynthesis in trails 
where the independent variable (xi) was present 
in high and low concentrations, respectively, and 
N is the number of trials divided by 2. A main 
effect figure with a positive sign indicates that 
the high concentration of this variable is near 
to the optimum and a negative sign indicates 
that the low concentration of this variable is 
near to the optimum. Using Microsoft Excel, 
statistical f-values for equal un-paired samples 
were calculated for determination of variable 
significance24.
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Characterization of silver nanoparticles
 For UV-vis spectral analyses was 
performed on CECIL, UV/Visible-2021 
(Cambridge instrument from England) in the 
range 200 -1000 nm25. The biosynthesized AgNPs 
surface plasmon resonance (SPR) scanned at 
different time intervals to check its stability. For 
morphology, size and EDX analysis, the instrument 
HRTEM (Tecnai G 20, Super twin, double tilt) 
was used. In typical measurement diluted AgNPs 
solution was drop casted on a carbon coated 
cupper grid and measurements were taken to 
determine the AgNPs presence confirmation, size 
distribution and morphology. FTIR spectrum was 
performed on Perkin- ElmerBXII instrument in 
the range 500–4000 cm-¹. FTIR was applied to 
identify the functional groups on the surface of the 
biosynthesized nanoparticles. 
Application of biosynthesized AgNPs in water 
treatment
 Granular activated carbon and cellulosic 
fiber were prepared for coating with silver 
nanoparticles. 
 The biosynthesized silver nanoparticles 
conjugated with  cellulosic fiber of Luffa aeygptiaca 
(AgNPs/C), and granular activated carbon (AgNPs/
GAC - particle size range 0.60 - 2.36 mm) supplied 
by Jacobi Carbons AB, Bredbandet 1, Varvsholmen 
SE- 392 30 Kalmar, Sweden. The GAC granules 
have been purified by the treatment with hot 
concentrated HNOƒ , hot distilled water, hot 
concentrated NHƒ  solution and finally with hot 
distilled water. GAC was dried in an oven for 2 hrs 
at 110 °C prior to its coating with AgNPs26. The 
cellulosic fiber has been boiled for 15 min, washed 
several times by distilled water and air dried 
prior to its coating with AgNPs. Both the GAC 
granules and cellulose fiber were impregnated 
in 250 ml of biosynthesized silver nanoparticles 
40 ppm solution under vigorous stirring at room 
temperature and were kept overnight for contact. 
The conjugate was there analyzed by using SEM 
(the scanning electron microscope) Model Quanta 
250 FEG (Field Emission Gun) attached with EDX 
unit (Energy Dispersive X-ray Analyses), with 
accelerating voltage 30 K.V., magnification14x up 
to 1000000 and resolution for Gun.1n., from FEI 
Company, Netherlands. 
Removal of Thermotolerant Coliform
 The prepared conjugate with, without 

AgNPs was examined as a filtration medium for 
the removal efficiency of Thermotolerant (fecal) 
Coliform from highly polluted water samples27 
using a selective lactose medium (m-FC agar, 
Alpha Biosciences Inc. USA). The water flow 
adjusted at constant contact time (5 min) through 
the designed prototype filter column that contained 
the filtration medium (Fig 1). The percentage of 
removal efficiency was then calculated using the 
following equation28:

The removal%=100-(survivor count÷initial 
count)×100 

RESULTS AND DISCUSSION 

Isolates potential of for green AgNPs synthesis
 The challenged broth culture of five 
actinomycete isolates with 50% (v/v) of 1 mM 
AgNO

3
 solution resulted in a clear brown color 

for only three isolates numer1, 3 & 4 that indicated 
the formation of AgNPs29 with a characteristic 
plasmonic peak around 400 nm which is a clear 
indication for the formation of the AgNPs30. The 
three isolates had the potential to reduce silver ions 
to silver nanoparticles. The maximum biosynthesis 
of silver nanoparticles by the isolate No.3 reached 
after 2 hours. The surface plasmon peak absorbance 
(SPR) shape and values gave a clear indication 
about the distribution and the concentration of 
AgNPs31. The isolate No.3 recorded the highest 
absorbance peak which related to the highest yield 
of AgNPs and the lowest PWHM indicating the 

Fig. 1. A designed prototype as a filter column containing 
the filtration medium for Coliform removal
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Fig. 2. The phylogenetic tree depicting the position of the isolate No.3 among well known isolates

Fig. 3. Main effects for the variables affecting AgNPs biosynthesis

monodispersed nature of the biosynthesized AgNPs 
so it was selected for the mediation of biosynthesis 
of AgNPs and further analysis (Table No.1). On 
the contrary with the other isolates 2 and 5 gave 
no color change or the characteristic plasmonic 
peak. The bioreduction happened which could 
be explained on the ground that the reduction of 
silver ions to metallic silver by proteins, reductive 
enzymes and secondary metabolites32.

Identification of the isolate No.3 
 The colonies color of the isolate No.3 
was white gray when grown on starch-nitrate agar 
medium. The strain produce jasmine odor and 
exhibited an antibacterial activity against the E.coli 
(ATCC 8739 and ATCC 25922)33.The Identification 
of isolate No.3 that showed the highest potential 
for the mediation of AgNPs biosynthesis was 
performed by ribotyping of 16S rDNA. The 
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Fig. 4. UV-vis analysis for the biosynthesized AgNPs with the clear brown color and the control as white in the 
top - right corner

Fig. 5. FTIR spectrum recorded for the biosynthesized AgNPs

developed tree based on the neighbor joining 
method for obtained 16S rDNA sequences depicted 
that the isolate occupies a distinct phylogenetic 
position within the elucidated radiation including 
representatives of the Streptomyces family (Fig 2). 
The results of 16S rDNA gene sequencing (1200bp) 
analysis revealed that this isolate corresponds 
to Streptomyces griseorubens. The isolate was 
deposited in the gene bank with the accession 
number LC066679. 
Optimization of the fermentation conditions 
affecting the mediated biosynthesizes of AgNPs 
by S. griseorubens
 Seven culture variables were set to study 

the influence of culture medium conditions on 
the mediated AgNPs biogenesis as a response  
(Table 2), according to the Plackett-Burman design.
 The data (Fig 3) indicated that the 
presence of high levels of starch, high incubation 
temperature, high incubation period and AgNO

3
  

concentration affected positively AgNPs synthesis 
by S. griseorubens. On the other hand, the presence 
of K

2
 HPO

4
, NaNO

3
  and pH at their lowest levels 

resulted in high AgNPs synthesis. The main 
effect pointed out these higher levels of starch, 
incubation temperature, incubation period and 
AgNO

3
  concentration with low levels of K

2
 HPO

4
 , 
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Fig. 6. HRTEM micrograph of AgNPs at different scales with magnification (10v  x)

Fig. 7. EDX peaks of the mediated biosynthesized AgNPs by S. griseorubens

NaNO
3
  and pH supported the mediated biogenesis 

of AgNPs in the culture filtrate.
 The statistically based experimental 
designs for optimizing nutrients, which involved 
simultaneously varying factors in a deliberate 
manner, are useful for identifying the important 
environmental conditions, media composition and 
the interactions between two or more factors23, 24,34. 
Furthermore, applying multi factorial experiment 

considers the interaction between the non-linear 
natures of the response in a very short experiment. 
Plackett-Burman experiments design was effective 
in the determination of the medium components, 
which had a significant effect on the mediated 
production of AgNPs.
 Based on the obtained results, it can 
be concluded that the optimum medium for the 
mediated producing of AgNPs from the culture 
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Fig. 8. SEM micrograph of conjugated AgNPs with A- activated carbon conjugated to AgNPs (AgNPs/GAC) at 
magnification of 5000 x. B- Cellulosic fiber of L. aeygptiaca conjugated to AgNPs (AgNPs/C) at magnification 
of 2500 x. The AgNPs appeared like white spots on the porous surface of the activated carbon and cellulosic fiber

Table 1. Silver nanoparticles peak absorbance 
height (at 400 nm) and PWHM

Isolate  Peak height  PWHM 
No. at 400 nm (nm)

1 0.656 160
3 2.48 120
4 0.811 1000

of S. griseorubens contained the following 
ingredients: (g/L): Starch (25); MgSO

4
  (0.05); 

K‚ HPO
2
  (0.5); NaNOƒ  (1.5); AgNO

3
  (1.5) 

mmol/l; incubation period for 96 hours at 35°C 
and pH 6.0. The results revealed that the highest 
AgNPs yield (2.76 OD at 400 nm) was achieved 
for the trial No.9 which contained the following  
formula :(g/L): Starch (20); MgSO

4
 (0.05); K

2
 

HPO
4
  (1.0); NaNO

3
  (2.0); AgNO

3
 (1.0) mmol/l; 

pH (7); incubation temperature (30°C) and 
incubation time (72 hr).  
Characterization of the biosynthesized AgNPs
 The identified isolate S. griseorubens 
mediated the biosynthesis of AgNPs giving a clear 
brown color with a characteristic absorption peak 
(at 400 nm). The stability of AgNPs was examined 
(Fig.4) using UV-Vis spectrometry measurements 
over a period of time (240 and 480 hours). The 
position and the intensity of the absorption peaks 
remained unchanged indicating high stability of the 
biosynthesized AgNPs35. The FTIR results shown 
in Fig 5 indicated the functional groups; the band at 

3419 cm-¹ is the O–H hydroxyl group, which may 
be responsible for reducing the metal ions into their 
respective nanoparticles. The alkynes group, C=C 
detected at 2088 cm-¹ that might be responsible for 
the stability of the synthesized metal nanoparticles. 
Also the N-H bending group around 1640 cm-¹ 
indicating the presence of amine group which could 
support the idea of a protein capping agents when 
the metal nanoparticles are formed in the solution33. 
It is also contributes towards the stabilization of 
the AgNPs against the Van der Waals forces of 
attraction which may otherwise cause nanoparticles 
coagulation36.
 High Resolution Transmission Electron 
Microscopy visualization (HRTEM) was carried 
out to determine the morphology and the particle 
size of the AgNPs. A well dispersed spherical silver 
nanoparticles having the average size of 22 nm 
(Fig. 6).  The capping nature of the synthesized 
AgNPs is revealed in the FTIR spectra and there 
is a minor aggregation in consistence with the 
broadening in the UV-vis spectra recorded at 
different time intervals.
 Energy dispersive X-ray spectroscopy 
(EDX) was performed to confirm the presence 
of elemental silver (Fig.7) revealed the optical 
absorption band peaks up to 30 keV. The absorption 
band peak in the range of 3 - 4 keV was typical for 
the absorption of metallic silver crystallites that 
confirms the presence of the colloidal AgNPs in 
solution37. There were other EDX peaks for C and 
Cu that derived from the C and Cu grid used.
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Table 3. Efficiency of water disinfection by 
different filtration media at 5min contact time

Filtration  Fecal Coliform count Fecal Coliform 
medium (CFU/100 mL) Removal %

GAC 40 96
AgNPs/GAC 3 99.7
C  70 93
AgNPs/C 12 98.8
AgNPs/GAC and  AgNPs/C 1 99.9

Water t rea tment  app l i ca t ion  o f  the 
biosynthesized AgNPs by S. griseorubens
 The conjugates of AgNPs/ GAC and 
AgNPs/C were visualized by the Scanning Electron 
Microscopy (SEM). The micrograph showed also 
AgNPs distribution and adsorption on the porous 
surface of the activated carbon and cellulosic fiber 
of Luffa aeygptiaca (Fig 8). 
 The raw samples before the filtration 
process contained high counts of thermotolerant 
coliform (1000-1100 CFU/100mL). The results 
in Table 3 revealed that the granular activated 
carbon (GAC) actually removed 96% and cellulosic 
fiber (C) of L. aeygptiaca removed 93% from 
Thermotolerant coliform in raw water sample. 
After that the conjugation of the previously 
mentioned materials with AgNPs resulted in 
the granular activated carbon (AgNPs/GAC) 
disinfection efficiency which increased by 3.7% 

and natural cellulosic fiber of L. aeygptiaca 
(AgNPs/C) by 5.8 % due to the antibacterial nature 
of the biosynthesized silver nanoparticles5,38. 
Furthermore, upon using the filtration medium 
containing both conjugates (AgNPs/GAC 
and AgNPs/C) resulted in the reduction of 
thermotolerant coliform counts to almost near zero.
 The present work has provided a 
successfully mediated green biosynthesis of 
high stability, environment friendly AgNPs 
by S. griseorubens. The increased capabilities 
of activated carbon and cellulosic fiber to 
the conjugate AgNPs, for removing water 
Thermotolerant Coliform bacteria. The present 
route could be easily scaled up for the industrial 
applications to increase the yield of the eco-
friendly AgNPs biogenesis extensively and 
designing cost-effective application for drinking 
water disinfection.

Table 2. Plackett-Burman design matrix representing the coded values for 7 independent variables 
and the absorbance readings at 400 nm as a response reflecting the AgNPs concentration.

        
Trial AgNO

3
 pH Starch NaNO

3
 K

2
HPO

4
 Incubation Incubation Absorbance

No. X1 X2 X3 X4 X5 Temperature period (400 nm) 
 mol/L  g/L g/L g/L  X6 (°C ) X7 (hours) 
        
1 1.5 8 25 1.5 1.5 25 48 0.634
2 0.5 8 25 2.5 0.5 35 48 0.272
3 0.5 6 25 2.5 1.5 25 96 1.404
4 1.5 6 15 2.5 1.5 35 48 0.703
5 0.5 8 15 1.5 1.5 35 96 0.975
6 1.5 6 25 1.5 0.5 35 96 1
7 1.5 8 15 2.5 0.5 25 96 1.172
8 0.5 6 15 1.5 0.5 25 48 0.887
9 1 7 20 2 1 30 72 2.76
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