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Characterization of ZnO nanoparticles produced by
Streptomyces spp. isolated from Iraqi soil samples
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Abstract:

Thirty two soil samples were collected from Hilla city, Babylon Province, Iraq. Ten isolates
of Actinomyctes were isolated. Four Streptomyces spp. isolate were diagnosed, and all of its
were gram positive, grey aerial mycelium and yellowish- green substrate mycelium after
culturing on Yeast-Malt extract medium. All Streptomyces spp. isolates screened for production
Zno nanoparticles. Streptomyces spp.4 was able for producing of nanoparticle. Ultra violet (UV)
spectrum for ZnO particles showed that maximum absorption at 404 nm. FT-IR spectrum of Zno
nanoparticles represented absorption peak at 3319.49 cm-1 indicate to produce presence of O-H
group. While 2245.14 cm-1 indicate to produce presence of CEC. Results of 1670.35 cm-1
indicate to C=C group, 1614.42 cm-1 refered to C=O group. As well as,1101.35 cm-1 indicated
to C-O bending, 983.70 cm-1 indicated to C-O stretching,744.52 cm-1 indication to C-H, and
613.36 cm-1 indicate to C-X stretching. The SEM for Zno particles showed that its a spherical in
shape and size range (60.40-67.04) nm. EDXA spectrum detected a strong signal for Zn with
purity 42%.
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Introduction:

Nanotechnology is a gradual step for production of new materials scientific. It's able for
preparing of new usage in the sciences and other technologies at nanoscale level [1].This
technology important for synthesis, character, and exploring of materials with (1-100 nm) within
nanometer state. Zinc oxide (ZnO) particles having antibacterial action. Its achieved by rule of
reactive oxygen species (ROS) that produced on particles surface. It's also action on zinc ion
release, membrane dysfunction, and nanoparticles internalization which considered the causing for
swelling cells [2].These particles having many applications. It's acts as an invisible obstacle which
scatters UV radiation away from the skin which having to important using in sunscreens, paints,
varnishes, plastics and cosmetics, especially for broad UV-A and UV-B blocking [19; 11], using as
preservative for many materials and products such as plastics, ceramics, glass, pigments, foods, etc.
Zinc nanoparticles have also been explored for use as quantum dots for use in photoconduction
devices [9]. ZnO is nontoxic particle which having antibacterial and antimicrobial activity that
increases with decreasing in particle size which demonstrated and confirmed by various researches
[17; 22; 7). Streptomyces are gram-positive bacteria located at Actinobacteria phylum. It having life
style closely related to filamentous fungi and, like those, most streptomycetes live as saprophytes in
the soil [10]. Zinc NPs produced by actinomycetes are recorded by many researchers [13, 20].and
showed antimicrobial activity against S. aureus, E. coli, and Salmonella sp. Scanning Electron
Microscopy and TEM used for morphologically characterizing at nano- micrometer scale estimating
[15].Elemental composition for metal nanoparticles is determined by Energy Dispersive
Spectroscopy (EDS) [15]. FTIR spectroscopy is very important for surface chemistry characterizing
[4].

This study aimed to isolation of Streptomyces spp. having ability for producing of ZnO nano
particles and study the characterization of these particle.

Materials and Methods:
Isolation of Streptomyces spp. from soil samples:

Soil samples gathered from the Hilla City, CaCo3 treated and dried by oven at 45°C for one hr.
to reduce bacteria and mold occurrence. Soil dilution plate technique was used for isolating of
Steptomyces spp. on (YMD) agar media. pH was made to 7.2. The plates incubate at 30°C (10 days)
[16].

ZnO nanoparticles synthesis :

Preparation of Biomass :

Streptomyces spp.4 were grow in Erlenmeyer flask (500 ml) containing (Malt extract glucose
yeast extract peptone (MGYP) broth (100 ml) provided by griseofulvin 50 pg/ml on shaker (200
rpm) at 35 °C for (4) days. Flasks taken away from shaker and kept at 5 to 10 °C, so that mycelial
biomass could get settled. Streptomyces supernatant was removed , 100 ml of sterile distilled water
was added for washing the cells. Flasks were kept at 5 to 10 °C to settle the biomass, for 30
minutes. Supernatant was removed slowly, 100 ml of (D.W) was again added in the flask, and its
made for 3 times. Mycelial mass was then separated from the sterile distilled water by
centrifugation (1500 rpm) for 10 minutes, mycelial pellets were weighed and used for synthesis of
zinc nanoparticles. (5) gram of Streptomyces wet biomass treated with 50 ml znso4 in 250 ml
Erlenmeyer flaks and it kept on shaker at 200 rpm and 35°C for four days. Color change was
observed after 12, 24, 48 and 72 h. Formation of yellow color indicates the formation zinc
nanoparticles indicate to positive result [21].
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Characters of ZnO nanoparticles :
UV-Visible Spectroscopy (UV-Vis):

Ultraviolet (UV) spectrum was checked by UV-Vis spectrophotometer (Double Beam
Spectrophotometer T80 UV/Vis spectrometer) it measured at wave length (200 to 700) nm [21].

Fourier Transform Infrared Spectroscopy (FT-IR):

FT-IR for Zno nanoparticles tested by using (Shimadzu IR-470 model) apparatus at chemical
department, college of Science at Babylon University. Sample preparing by nanoparticles
dispelgsing in matrix of dry KBr pressed to disc formation. The spectrum for measuring (500- 4000
Jem T [18].

Scanning Electron Microscopy (SEM):

Nanoparticles morphology, shape and size was checked by SEM. SEM measurements was
worked at Babylon university College of Pharmacy, by using SEM (FEI QUANTA 450) apparatus,
at (10,000 V) [8].

Energy dispersive X-ray analysis (EDX):

EDX was done by X-ray microanalysis system coupled with scanning electron microscope
(SEM). It was checked at the Babylon university, College of Pharmacy. (EDX) analysis was
achieved by same instrument to confirming nanoparticles presence in particles and to detecting for
other sample elementary compositions [14].

Results and Discussion:

Streptomyces spp. isolation:

(23) Soil Samples collecting from Hilla city. Ten Actinomyctes isolates were isolated. Four
Streptomyces spp. isolate were diagnosed (Table 1).All Streptomyces spp. isolates was gram
positive and having grey Aerial mycelium and yellow- green substrate mycelium after culturing on
Yeast-Malt Extract medium. Streptomyces, Gram-positive bacteria, Actinobacteria phylum. It
having similar lifestyle to filamentous fungi. Streptomycetes live as soil saprophytes [5].It produce
branching substrate and aerial mycelium. Strepfomyces having ability for producing different of
secondary metabolites [12].

Screening for biosynthesis of Zno nanoparticles:

All Streptomyces spp. Isolates were screened for Zno nanoparticles production. the result found

Streptomyces spp.4 was able for producing of nanoparticle. The changing color after 72 hr
indicator for nanaoprticle production. (Table 1).

Table (2): Screening of Streptomyces spp. Isolate for zno nanoparticle production

Streptomyces spp. isolates Results
Streptomyces spp.8 -
Streptomyces spp.4 +(yellowish-brown)

Streptomyces spp.11 -
Streptomyces spp.17 -

Dark yellow color for streptomyces spp. HBUM171191 produced after treated with ZnSO4(aqueous
solution) 10° Mm for 72 hr. [21].
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UV-Visible spectroscopy:
UV spectra for Streptomyces spp.4 particles showed that maximum absorption at 404 nm Figure

(1). Maximum absorbance for Streptomyces sp. HBUM171191 after treated with ZnSO4 For 72 hr.
is 380 nm.[21].
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Figure (1) :UV—-Vis absorption spectrum of Zno NPS synthesized by
Streptomyces spp.4
Fourier Transform Infrared Spectroscopy (FT-IR):

FT-IR spectrum for Zno nanoparticles represented absorption peak at 3319.49 cm-1 indicate to
produce presence of O-H group, 2245.14 cm-1 indicate to produce presence of C=C , 1670.35 cm-1
indicate to C=C group, 1614.42 cm-1 refer to C=O group,1101.35 cm-1 indicate to C-O bending,
983.70 cm-1 indicating to C-O stretching,744.52 cm-1 indication to C-H, and 613.36 cm-1 indicate
to C-X stretching.
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Figure (2): FT-IR analysis of Zno nanoprticles synthesized by Streptomyces spp.4

The FT-IR spectrum of synthesized ZnO-NPs showed strong absorption peaks at 3915.47,
3883.65, 3740.43, 3780.91, 1569.56, 1026.12, 951.66, 830.56, 691.10, and 617.83 cm_1, which
were assigned to O-H stretching of alcohols and phenols, N-O asymmetric stretching of nitro
compounds, -C-H bending of alkenes, respectively. The weaker bands at 3365.71, 2497.85,
2284.07, and 1414.80 cm_1, correspond to 1 , 2 amines, amides (N-H stretching), aldehydes (C-H
stretching), nitriles (C-N stretching), and alkanes (C-H bending). This results confirms that the
bioactive metabolites of actinobacteria involve formation and stabilization of ZnO-NPs [3].
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SEM analysis of ZnO nanoprticles synthesized by Streptomyces spp.4:

Scanning electron microscope analysis (SEM) was executed to characterizing Streptomyces
spp-4 (ZnO nanoprticles) shape and size .The SEM shows that the bacterium has ability for
synthesizing of ZnO nanoprticles and its spherical in shape. Obtained nanoparticles having size
ranging (60.40-67.04) nm (Figure 3). UV-vis spectrophotometer, FTIR, XRD, SEM and TEM used
for nanopaticle characterizing and its have spherical shape arranged between 10-75 nm [8].The
toxicity of the nanoparticles increased with (size<100 nm) on the bacteria with decreasing of their
size which showed by toxicological studies [6].Another researcher, tested the effects of ZnO-NPs
size (100-800 nm) on antibacterial activity against S.aureus and E.coli by changing the electrical
conductivity with bacterial growing ; the found the particle size diminution which due to
antibacterial activity rising [22].

Figure(3) : SEM analysis of ZnO nanoprticles synthesized by Streptomyces spp.4

Energy dispersive X-ray analysis (EDX):

Zn0O nanoprticles purity was recorded by EDXA (Figure 4) cooperating with FE-SEM. EDXA
spectrum detected a strong signal for Zn with purity 42%.Other peaks observed includes O, S, and
C .Metal nanoparticles elemental content established by using EDS [18].
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Figure (4) : EDX analysis of Zno nanoprticles synthesized by secondary metabolites of
Streptomyces spp.4.
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