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ABSTRACT

The actinobacterial biosynthesis of gold nanoparticles (AUNPS) has been proposed as a cost effective environmental
friendly alternative to chemical and physical methods. It is a reliable, important aspect of green chemistry approach
that interconnects microbial biotechnology and nanobiotechnology. The target of the present investigation was to
optimize the fermentation parameters controlling bioactive metabolites productivity by marine Streptomyces
cyaneus, such as certain environmental conditions (different incubation periods, pH values, aeration, shaking speed
and inoculum size ). Also, by supplying certain nutritional requirements (different carbon and nitrogen sources) for
attaining the maximal antimicrobial activity yield by Streptomyces cyaneus against some pathogenic
microorganisms. AuNPs were biosynthesized from chloroauric acid using cell free supernatant (as reducing and
stabilizing agents), of Streptomyces cyaneus which grown in optimized fermentation medium, by heating or gamma
irradiation processes. The synthesized AuNPs were characterized by UV-Vis spectroscopy, Dynamic Light
Scattering (DLS), transmission electron microscopy (TEM), X-ray diffraction (XRD) and Fourier transform infrared
(FT-IR) spectroscopy, analysis which revealed morphology of spherical AuNPs within nano range from 6.5 nmto
20.0 nm with the main diameter of 12.63 nm by using gamma irradiation at 1 kGy. The biosynthesized AuNPs
exhibited good antibacterial activity against some pathogenic Gram positive and Gram negative bacteria, also anti
candida. AuNPs exhibited antioxidant activity and antitumor activity against human breast and liver carcinoma
cells (in vitro). Finally, Gamma irradiation which induced AUNPs synthesis by cell-free supernatant of Sreptomyces
cyaneus with improved biomedical different applications is a simple, clean, economic and environmental friendly
approach.

Keywords: Gold nanoparticlesitreptomyces cyaneus, gamma irradiation, antibacterial, antioxidant amtitumor
activities.

INTRODUCTION

Nanotechnology research is one of the major emgrgireas of research with its application in scienod
technology for the purpose of manufacturing nevtemials at the nanoscale level. Marine nanobioteldgy is one
of the fastest growing interdisciplinary fields ofsearch interlacing bionanoscience, biomaterigdnse and
technology, with an exponential progress in bioroaldapplications such as imaging, diagnostics, dieltyery and
therapeutics using metal nanoparticles [1]. Biatagsynthesis of nanoparticles appears as a seifpsbtess since it
requires less energy, is environmentally safeif has low manufacture costs of scalability, doedter nanoparticle
stabilization, compared to chemically synthesizedaparticles [3].

Actinobacteriology is one of the important emergimgas of research in tropics. Recent studiemardne

microorganisms in the synthesis of nanoparticlesaar exciting and upcoming area of research wittsiderable
potential for development [4]. Increasing awarendswards bionanomaterials and other biologicacpsses has
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led to the development of simple, eco-friendly amadel biological approaches towards the synthelsedeanced
nano biomaterials [5]. It is only recently that imaterials researchers have proposed marine mi@pisms as
possible eco-friendly nanofactories for biosyntkesfi nanoparticles such as gold [6] and silver [ &8nong the
actinobacteria, streptomycetes group is considerest economically important because, out of the@pmately
more than 10 000 known antibiotics, 50-55% is poedubyStreptomyces [9].

Recently, gold nanoparticles have become the fofustensive research owing to their wide rangeiofogical
and biomedical applications including catalysistiayy antimicrobials, and the biomaterial product{@0]. Gold
nanoparticles (AuNPs) are well-suited for a widege of biological applications because of theirquei physical
and chemical properties. The marine microbial-mediasynthesis of bionanomaterials has recentlyn bee
recognized as a potential source for mining bioonaaterials [11]. Biosynthesis of gold nanoparti{@siINPs)
using bacteria, actinobacteria, fungi and plan®] [dre already well documented. However, exploraid the
marine actinobacteria has recently heightenedastein the biosynthesis of nanoparticles as nantorfi@s[11].
Recently, actinobacteria isolated from differerd®stems were recognized as potential synthesgslafind silver
bionanoparticles. The biosynthesis and charactesizaof nanoparticles have only been reported for
Thermomonospora sp. [6Rhodococcus sp. [13], Nocardiopsis sp. [14] andStreptomyces sp. [7&15]. Gold
nanoparticles have unigue optical properties sgsctugface-plasmon and photothermal effects. Sumbepties have
resulted in gold nanoparticles having several ciihapplications.

Therefore, the purpose of the present work wasnopdition of the initial composition of the fermetiba
parameters controlling bioactive metabolites praiditg by marine Streptomyces cyaneus strain Alex-SK121. The
synthesized AuNPs using cell free supernatant, vefr@racterized by UV-Vis spectroscopy, Dynamic ligh
Scattering (DLS), transmission electron microscdpizM) , X-ray diffraction (XRD) and Fourier tramsin
infrared (FT-IR) spectroscopy, analysis. The antiobial, antioxidant and antitumor activities oé toroduced gold
nanoparticles were checked.

EXPERIMENTAL SECTION

Chemicals
All the media components from (Oxoid) and (Difc@hemicals and reagents used in the following erpemts
were of analytical grade and used without furthaifization.

Actinobacterium isolate.

In the present study, the cell-free supernatar@reptomyces cyaneus strain Alex-SK121 isolated from sediment
samples collected from Sidi Kerir region, Alexaadgovernorate, Egypt, was found to reducé*Aens to AuNPs
(gold nanoparticles). Identification and the cullucharacteristics of the producer strain wereistuthrough the
International Sreptomyces Project (ISP) [16] and performed according to spore molgin and cell wall chemo-
type, which suggested that this strain is StreptmayFurther cultural, physiological characterssnd analysis of
the nucleotide sequence of 16S rRNA gene which weposited at Gene Bank database (NCBI) under sioces
number KJ726667 indicated that this strain is idahto Streptomyces cyaneus and then designatedreptomyces
cyaneus strain Alex-SK121 [7].

Parameters controlling bioactive metabolite(s) prodctivity by Streptomyces cyaneus, Alex-SK121.

Effect of certain environmental conditions on the ative metabolite productivity by Streptomyces cyaneus,
Alex-SK121.

A. Effect of different incubation periods.

For such a purpose the spores of culture were atlae grow on a basal inorganic salt starch nimagelium [17],
in g/l (soluble starch 20, NaNQ@, K:HPQ, 1, KCI 0.5, MgSQ.7H,0 0.5, CaC@2H,0 2 and Tap water up to 1000
ml). The initial pH value of the medium was adjuaké 7.5 -8.0 before sterilization. One hundredfithe medium
was dispensed among conical flasks of 250 ml capathree flasks were used for each particular liation
period. The flasks were then sterilized, cooledicitated with inoculum size (5 culture discs , abbBx10
spores/disc ) and incubated on a rotary shake®@fr@m. at 36°C. Cultures were removed after ¥, ®, 9 and 10
days of incubation and tested for antimicrobialrafg) biosynthesis.

B. Effect of different pH values.

For such a purpose the initial pH values of the iomadwere adjusted to cover the range from 6 upltdéfore
sterilization. Three flasks were always used focheparticular pH value. The experiment was terneidaafter
maximum biosynthesis of metabolite was attained #ral broth filtrate was used for antimicrobial pute
assessment.
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C. Effect of different incubation Temperatures.
The medium were inoculated as previously menticaretiincubated at different temperature¥336'C, 38C and
40°C the active metabolite productivity was assessedeh particular degree of temperature.

D. Effect of different relative volume capacity (Aeation).

For the detection of a suitable relative volumeacdly for maximizing active metabolite the sporéswtures were
allowed to grow on a basal inorganic salt star¢taté medium. The initial pH value of the mediumsvealjusted at
optimum pH before sterilization. Change in the woéuof the production medium (20%, 25%, 35%, 40% Zé&o)
in flask volume of 250 ml (100%), was performedeTlasks were then sterilized, cooled, inoculated iacubated
on a rotary shaker of 200 rpm at optimum tempeeatQultures were removed after optimum incubatierigals
and tested for antimicrobial agent(s) biosynthesis.

E. Effect of different shaking speed (rpm).

For the detection of a suitable rotation speed )Jriimshaking conditions for maximizing active metbte
productivity by the isolate. It was allowed to grow production medium adjusted at optimum pH isedbated
at optimum temperature for optimum incubation @@si with optimum oxygen content and change iatiah
speed, (static) 0, 180,200,220 and 250 rpm wdsnmeed. The flasks were then incubated on a shiakebator
where, at the end of optimum incubation period ¢htures were removed and tested for antimicrohgent(s)
biosynthesis.

F. Effect of different inoculum size.

For the detection of the optimum inoculum size fagximizing active metabolite productivity, the l@se was
allowed to grow on production medium adjustecbptimum pH and incubated at optimum temperature fo
optimum incubation periods with optimum oxygemtemt and optimum rpm , change in the number ofuhom
size (1,2,3,4,5,6,7and 8) agar culture discs ofisbéate,about 1-3x10 spores/disc . At the end of optimum
incubation period cultures were removed and tefstedntimicrobial agent(s) biosynthesis.

Effect of supplying certain nutritional requirements for attaining the maximal antimicrobial yield by
Streptomyces cyaneus, Alex-SK121:

A. Effect of different carbon sources.

Starch nitrate medium lacking its carbon sources sigpplemented with different types of sugars atraglecular
amounts of carbon sources. The carbon sources ngpresented by, soluble starch, glucose, sucredelose,
xylose and mannitol 2.0 g/100 ml. The sugars ubelgrwere separately sterilized and then addeda@hato the
constituents of the inorganic salt starch nitratedium. The experiment was terminated after the mami
biosynthesis of metabolite was attained and thehbfitrate was then used for assessing the antohial
productivity.

B. Effect of different concentrations of the bestarbon source.
In this study, different concentrations of the stdd carbon source that fulfill the maximum antirolmal agent
biosynthesis were added to the production mediufolksvs: 1%, 2%, 3%, 4% and 5%.

C. Effect of different nitrogen sources.

The following nitrogenous compoun(igast extract, peptone, urea, (l30, and NaNQ), were supplemented to
the inorganic salt starch nitrate medium lackingragien sources. The nitrogen sources were addednin
equimolecular amount of nitrogen (N) content of@.for each.

D. Effect of different concentrations of the best itrogen source.
Different concentrations of the selected nitrogearses that fulfill the maximum antimicrobial agdmosynthesis
was added to the nutrient medium as follows : 0.0%5%, 0.2%, 0.25%, 0.3%, and 0.35%. (N) contents.

Irradiation Source
The process of irradiation was carried out at tlatidthal Center for Radiation Research and Techyo{ble RRT)
using Cobalt 60 source (Gamma cell 4000-A-Indiag dbse rate of 2.08 kGy/h at the time of the expents

Synthesis and Characterization of gold Nanoparticle (AuNPs).

Cell-free supernatant produced 8yeptomyces cyaneus Strain Alex-SK121 of optimum medium was mixed with
1mM or more of gold chloride (HAug)l solution in ratio of (1:5) (v/v) and were irratBd at ambient temperature
with different gamma radiation doses,(un-irradiateshtrol), 0.5, 1.0, 5.0, 10.0 and 15.0 kGy. Theye exposed
for different times according to the dose and d@ge. Also, effect of heat on AuNPs synthesis wasisd by
applying different temperatures such as, 25.0,,5G@® and 108C [18-21].
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UV-Visible Spectrophotometer (UV-Vis.)

UV-Vis. Spectra of AuNPs were recorded as a fumctmf wave length using JASCO V-560. UV-Vis.
Spectrophotometer from 200-900 nm at a resolutioh om and using a filtrate (which contain melaaimd the
other active supernatant constituents without gbldride addition) as a base line blank.

Dynamic Light Scattering (DLS)

Average particle size and size distribution wertedained by PSS-NICOMP 380-ZLS particle sizing systSt.
Barbara, California, USA. Before measurements #mapmes were diluted 10 times with deionized wa2&0ul of
suspension were transferred to a disposable lounwelcuvette. After equilibration to a temperatuséfor 2 min,
five measurements were performed using 12 run® afdach.

Fourier Transform Infrared Spectrometer (FT-IR)

FT-IR measurements were carried out in order tainbhformation about chemical groups present adoduNPs
for their stabilization and conclude the transfatiora of functional group due to reduction proce3e
measurements were carried out using JASCO FT-IR-3®fra-red spectrometer by employing KBr Pellet
technique.

Transmission Electron Microscopy (TEM)

The size and morphology of the synthesized goldparticles were recorded by using TEM model JEQictebn
microscopy JEM-100 CX. TEM studies were prepareditmp coating gold nanoparticles onto carbon-coates
grids. The Film on the TEM grids were allowed ty,dhe extra solution was removed using a blotfiager.

X-Ray Diffraction (XRD)

X-Ray Diffraction patterns were obtained with Th&DB- 6000 series, including stress analysis, residusatenite
guantitation, crystallite size/lattice strain, dalbnity calculation, materials analysis via owad X-ray diffraction
patterns Shimadzu apparatus using nickel-filter @oeKa target, Shimadzu Scientific Instruments S&loto,
Japan. The average crystalline size of the gold nandglast can also be determined using Debye-Scherrer
equation: D=kA / B Cos 6. WhereD is the average crystalline size (nn¥,is the Scherrer constant with
value from 0.9 to 1 A is the X-ray wavelength B8 is the full width of half maximum and@ is the Bragg
diffraction angle (degrees).

Atomic Absorption Spectrophotometry
Gold nanoparticles (AuNPs) concentration assessosng UNICAM939 Atomic Absorption Spectrophotonyetr
England, equipped with deuterium background coimac®ll solutions were prepared with ultra-puretera

Melanin estimation
Melanin pigment was estimated from optimized medagoording to [22].

Antimicrobial activity of AUNPs.

The biosynthesized active agent(s) and AuNPs tested for their antimicrobial activity by the ageell diffusion
method against different kinds of pathogenic microbiatasts of Gram-positive bacteri8dcillus subtilis ATCC
6633 andStaphylococcus aureus ATCC 6538) and Gram-negative bacteri&scherichia coli ATCC 7839 and
Pseudomonas aeruginosa ATCC 9027 ), also against unicellular fun@iafdida albicans ATCC 10231) according
to the method of [23]The growth inhibition of microbial pathogens wasessed by the corresponding zone of
inhibition (ZOI) [24]. Sterile standard antibiotitisks with diameter of 6 mm were used to evalulageactivity of
the synthesized AuNPs. The pure cultures of bactend fungi were subcultured on Muller-Hinton (@jdroth
for bacteria and Sabouraud broth for fungi al@7and 30C on a rotary shaker at 180 rpm, respectivily. ¥efl6
mm diameter were made on Muller-Hinton Agar anddsadud agar plates using gel puncture. Each stram
swabbed uniformly onto the individual plates ussigrile cotton swabs and incubated at optimum consltfor
tested bacteria and fungi and ZOIl was measurnad asVernier caliper (mm).

Determination of minimum inhibitory concentration (MIC)

The minimum inhibitory concentrations (MIC) detemaiion were performed in Luria Bertani (LB) broth i
duplicate using serial two-fold dilutions of AuNR&th positive control well (the microorganism aritk tnutrient)
and negative control one (the nutrient only) [25,2Bie MIC was determined after 24 hrs. of incubatat 37C
with initial inoculums of 0.1 O.D at 600 nm. MICrcdetermined by using two methods:

a)-Visually by comparison with the cell free filteacontrols.
b)-With ELISA plate reader at a wavelength of 620.n

1023



El-Batal A. I. and Mona S. S. Al Tamie J. Chem. Pharm. Res., 2015, 7(7):1020-1036

Antioxidant activity assay (Free radical scavengingability on 2, 2-diphenyl-2-picrylhydrazyl (DPPH),

(In vitro assay)

Antioxidant activity of the synthesized AuNPs fratmain Alex-SK121 was carried out by measuring eoging
activity of 2, 2-diphenylpicrylhydrazyl (DPPH) freadicals according to [18]. In brief, 2 ml of dlietd water, 1 ml
of 0.1 mM DPPH solution in ethanol and 0.5 ml cf thiosynthesized AuNPs were shacked vigorouslyadindied

to reach a steady stat for 30 min at room temperaecolorization of DPPH was determine by measuthe
decrease in absorbance at 517nm. The lower adoswelof the reaction mixture indicated a highecgetage of
scavenging activity. The percentage of inhibitiansoavenging of free radicals was determined byfoHewing

Formula :

% Inhibition = [(Control OD - Sample OD)/Control QB 100

Where the control was prepared as described abiheuwt a sample and tert-Butyl hydroquinone (TBH@)s
compared as standard.

Antitumor Activity of AUNP

Antitumor activity of synthesized AuNPs was carrimat by Sulphorodamine B (SRB) assay. In this methibe
monolayer cell culture was trypsinized and the celint was adjusted to 0.5-1.0 xId®lls/ml using medium
containing 10% new born sheep serum. To each vigthe 96 well micro titre plates, 0.1ml of the déd cell
suspension (approximately 10,000 cells) was addéeér 24 hours, when a partial monolayer was formie
supernatant was flicked off, washed once and, 1@ different test concentrations were added todélls in micro
titre plates. The plates were then incubated a€&%°72 hours in 5% Cg&incubator, microscopic examination was
carried out, and observations recorded every 24shédter 72 hours, 2kl of 50% trichloro acetic acid (TCA) was
added to the wells gently such that it forms a thyer over the test compounds to form overall emti@ation 10%.
The plates were incubated at 4°C for one hour.

The plates were flicked and washed five times wst#rile water to remove traces of medium, sampte sErum,
and were then air-dried. The air-dried plates waeened with 100ul SRB and kept for 30 minutes at room
temperature. The unbound dye was removed by rapidihing four times with 1% acetic acid. The platese
then air dried. 10Ql of 10 mM Tris base was then added to the wellsalabilize the dye. The plates were shaken
vigorously for 5 minutes. The absorbance was measusing micro plate reader at a wavelength of m#Q27].
The percentage growth inhibition was calculatedgi$ollowing formula,

Percentage of cell viability %= Sample absorbanoetrol absorbance x 100

Statistical analysis The means of three replications and standard deniggD+) were calculated for all the results
obtained, and the data were subjected to analfsar@nce [28].

RESULTS AND DISCUSSION

Effect of certain environmental conditions on the ative metabolites productivity by Streptomyces cyaneus,
Alex-SK121.

A. Effect of different incubation periods on the ative metabolites productivity by Streptomyces cyaneus, Alex-
SK121.

This experiment was devoted to detect the suitataigbation period needed for the production of bighyield of
active metabolites bgtreptomyces cyaneus, Alex-SK121. The active metabolites productivitgre detected at time
intervals of 5, 7, 8, 9 and 10 days on productiedimm. Time is an important factor to affect tkeenfientation.
Increasing time does not mean producing meezondary metabolites. It may produce more totanishibit the
production of antimicrobial metabolites. Data #itestrated in table (1) which showed the relatltween active
metabolite productivity and time of incubation. Tleeel of the active metabolites yield increased atays and
decrease gradually with increasing the incubatieriog at the end of 10 days. Also, It can be sdw, tthe
fermentation time appeared to have visible effectt® mycelial growth inhibitiolof Streptomyces cyaneus, Alex-
SK121 at 7-10 days. According to [29], this is do¢he fact that the extent of antimicrobial meiébs production
equals the tolerance of the cells to these metaisolflso, this may be attributed to one of théofeing factors: a
shortage of intermediate precursors which decretise feedback effect of the accumulated metabotiteshe
irreversible decay of one or more used enzymesarbiosynthesis process [30].
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Table (1): Relation between active metabolites prhctivity and time of incubation

Mean diameter of inhibition zone (mm)
Different incubation of the tested microbial strains with standard de\ation(SD%) | Dry weight
periods(days) B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
4 25+2 15+1 17+1 1.1+0.1
5 313 22+2 232 13+01
7 28+1 202 18+1 1.0+0.2
9 252 16+1 16+1 09+0.1
10 24 +2 15+1 12+1 0.8+0.2

B. Effect of different initial pH values on the acive metabolites productivity by Streptomyces cyaneus, Alex-
SK121

Effect of different initial pH values on the actimeetabolites produced Streptomyces cyaneus, Alex-SK121 and
the final pH values was studied. For this purpgseduction medium was adjusted at different inip& values
covering rang of (6 -10) and incubated at@or five days. It could be concluded from theufesrepresented in
(table 2) that, the optimum initial pH value capabf promoting active metabolite biosynthesis3yeptomyces
cyaneus, Alex-SK121 was at the initial value of 9.0 (finaH value, 7.3), since, the activities resultedrfractive
metabolites productivity reached up to 33.0 mm gd. subtilis ATCC 6633, below this particular pH value, the
active metabolites yield decreased. So, the inifhlvalue of the present work showed a significafitience on the
growth of strain under investigation and consedyent the antimicrobial agent highest yield. Acigitl inhibited
the active metabolite production rather than hitkalme pH. Similar observations were reported[B%] who
noticed that pH 7 was the most suitable for laxgdesproduction of antibiotics by Streptomyces sgmec

Table (2): Relation between active metabolites pradtivity and different pH

Mean diameter of inhibition zone (mm)
Different initial | of the tested microbial strains with standard devidion(SDx) Final pH values Dry weight
pH values B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231

6 26+2 23+2 27+1 5.6 0.8+0.0
7 272 22+1 19+2 6.1 0.9+0.1
8 30+3 23+2 22+2 6.8 1.2+0.2
9 33+3 25+2 28+3 7.5 15+0.2
10 25+2 22+ 2 23+2 7.6 1.4+0.3

C. Effect of different incubation temperatures on he active metabolites productivity byStreptomyces cyaneus,
Alex-SK121.

For the detection of a suitable incubation tempeeatfor maximizing active metabolites productiviby
Streptomyces cyaneus, Alex-SK121, it was allowed to grow on productioredium adjusted at initial pH (9) and
incubated at different temperature degrees covehiegang from 33-46C for five days. Data represented in (table
3) showed that, the optimum temperature capablpraoting active metabolites biosynthesis Sigeptomyces
cyaneus, Alex-SK121., was at 38 where the maximum activities resulted from actigetabolite productivity
reached up to 34mm agairBsubtilis ATCC 6633. Below and above this particular tempeeadegree, active
metabolites produced by this strain under inveitigagradually decreased as compared to the optanmgerature.
Deviation from optimum temperature affects the oddficy of metabolite. In this connection, [32] slealthat
temperature is a regulatory factor in the secondatabolism ofs. thermoviolaceus.

Table (3): Relation between active metabolites pragttivity and different temperature

Mean diameter of inhibition zone (mm)
Different of the tested microbial strains with standard devition(SD+) | Dry weight
incubation temperature B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
33°C 24 +2 14+1 211 1.2+0.1
36°C 32+3 272 29+2 13+01
38°C 34+2 28+2 30+3 1.6+0.2
40°C 26+2 20+2 20+2 13+02

D. Effect of relative different volume capacity (Aeation) of production medium on the active metabolies
productivity by Streptomyces cyaneus, Alex-SK121.

For the detection of a suitable relative volume acity for maximizing active metabolites productwiby
Streptomyces cyaneus, Alex-SK121, it was allowed to grow on productioredium adjusted at initial pH (9) and
incubated at 3& for five days (shaking condition) through chamgéhe volume of the production medium (20%,
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25%, 35%, 40% and 50 %) in flask volume of 250 &0Q%). Data represented in (table 4) showed that, t
optimum relative volume capacity 40 % capable adnmoting active metabolite biosynthesis Byeptomyces
cyaneus, Alex-SK121.

Table (4): Relation between active metabolite prodztivity and different volume capacity

Mean diameter of inhibition zone (mm)
Different relative | of the tested microbial strains with standard deviéion(SD+) | Dry weight
volume capacity % B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
20% 10+1 11+1 13+1 0.8+0.1
25% 14+1 13+1 12+1 1.0+0.2
35% 161 13+1 14+1 12+0.1
40% 35+3 27+2 20+2 1.7+0.2
50% 33%2 28+2 303 14+02

E. Effect of different shaking speed (rpm) on the eive metabolites productivity by Streptomyces cyaneus,
Alex-SK121.

Effect of agitation on production of metabolite wietected at different agitation conditions (s)alic180, 200, 220
and 250 rpm in shaking conditions for maximizingivae metabolites productivity bgtreptomyces cyaneus, Alex-
SK121. It was allowed to grow on production mediadjusted at initial pH (9) and incubated at’88for five days
shaking condition 100ml (40%) of medium in flaskwoe of 250 ml (100%). Agitation represented irblgab)
showed direct effect on the growth and active naitas biosynthesis oftreptomyces cyaneus, Alex-SK121
because agitation affects aeration and mixing efrthtrients in the fermentation medium. So, theénopot rpm
capable of promoting active metabolites biosynghbgiStreptomyces cyaneus, Alex-SK121 was at 200 rpm. These
finding agree with the results of [33], who demoatgd that production of antibiotics t§reptomyces spp. is
generally believed to be an aerobic process. Thmref dissolved oxygen (DO) is an important factor fe t
fermentation ofStreptomyces cyaneus, Alex-SK121. In shaken flasks, oxygeuopply is related to medium volume.
Otherwise, inoculation volume can affect the melisgmaccumulation.

Table (5): Relation between active metabolites pragttivity and different shaking speed (rpm)

Mean diameter of inhibition zone (mm)
Different shaking | of the tested microbial strains with standard devidon(SD#) | Dry weight
speed (rpm) B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
(Static) 0 2242 16+1 22+2 1.940.2
180 33+3 25+2 272 14+0.2
200 36+3 27+2 29+3 1.8+0.1
220 272 19+1 21+2 1.1+0.2
250 25+2 17+1 20+ 2 1.0+0.1

Table(6): Relation between active metabolites prodiivity and different inoculum size

Mean diameter of inhibition zone (mm)
Inoculum size | of the tested microbial strains with standard deviion(SD+) | Dry weight
(No. of discs) B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
1 20+1 12+1 15+1 08+0
2 201 12+1 16+1 09+0.1
3 252 15+1 18+2 1.0+02
4 25+3 17+1 20+ 2 1.1+0.1
5 342 26+3 25+1 16+01
6 38+3 28+2 302 21+0.2
7 28+3 201 212 25+0.1
8 28+2 202 20+1 24+0.2

F. Effect of different inoculum size on the activemetabolites productivity by Streptomyces cyaneus, Alex-
SK121.

For the detection of the optimum inoculum size fimeximizing active metabolites productivity I8reptomyces
cyaneus, Alex-SK121, it was allowed to grow on productionedium adjusted at initial pH (9) and incubate8&
°C for five days (shaker conditions 120ml in fl&20ml ),at 200rpm and change in the number ofiihon size
(1, 2,3, 4,5, 6, 7 and 8 agar culture disc), &ibBx10° spores/disc) oftreptomyces cyaneus, Alex-SK121. Data
represented in (table 6) showed the optimum incaudize (6 culture discs) capable of promoting &cthetabolites
biosynthesis byatreptomyces cyaneus, Alex-SK121. It is interesting to note that, inbom concentration showed
direct effect on the production based on varyingciium level. Alower inoculum density may reduce product
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formation, whereas, a higher inoculum may leachéoptoor productormation, especially the large accumulation of
toxic substances and also cause the reductiorssbldiedoxygen.

Effect of supplying certain nutritional requirements on the active metabolites production bystreptomyces
cyaneus, Alex-SK121.

A. Effect of supplying different carbon sources orthe active metabolites production byStreptomyces cyaneus,
Alex-SK121.

A study on the production of antibiotics usuahyalves a search for optimal media costituentss Thachieved by

a systematic study of the suitability of a largentwer of carbon and nitrogen sources. The abilitgtofptomycete

to form antibiotic was not a fixed property but dagreatly increased or completely lost undeedéfit conditions

of nutrition and cultivation. For the detection afsuitable carbon sources for maximizing the acthetabolites
productivity by Streptomyces cyaneus, Alex-SK121, It was allowed to grow on productiaredium containing
different six carbon sources 2%: soluble starclerase, glucose, cellulose, xylose and mannitol. dheice of
carbon source greatly influenced secondary metsbaodind therefore antibiotic production [30&34]. &\ls slowly
utilizable carbohydrate gave a higher yield of #mibiotic because of its availability in adequataount during
both the phases of cellular growth and antibiotisdpiction. A quickly metabolized substrate suclylasose may
often achieved maximum cell growth rates, but itswnown to inhibit the production of many secondary
metabolites. This catabolite repression was thotmle due to intermediates generated from thel regiabolism

of glucose interfering with enzymes in the secopdaetabolism process. Data represented in (talsledived that,
the highest active metabolite productivity 8lyeptomyces cyaneus, Alex-SK121, was obtained in the presence of
soluble starch, which was followed by glucose, sserand cellulose. Since, the activities resultednfactive
metabolites productivity in case of soluble stanediched up the highest inhibition zone.

Table (7): Relation between active metabolite pragttivity and different carbon source

Mean diameter of inhibition zone (mm)
Carbon source (2%) of the testgc_:l microbial strains With standard deiat_ion(SDi) Dry weight
B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
Soluble starch 37+2 26+2 29+2 2.0+0.23
Sucrose 303 19+2 21+2 14+01
Glucose 31 £3 202 23+2 1.7+0.1
Cellulose 171 16+1.7 15+1 11+01
Xylose 14+1 12+1 10+1 1.0+£0.1
Mannitol 13+1 11+1 10+1 0.8+0.1

B. Effect of supplying different soluble starch conentrations on the active metabolites yield produak by

Streptomyces cyaneus, Alex-SK121.

This experiment was performed to detect best seldhrch concentration needed to fulfill maximuntivac
metabolite yield produced I§treptomyces cyaneus, Alex-SK121. Different Soluble starch concentraia@overing
rang of (1%-5%) were employed for this purpose. Tésults represented in (table 8) showed that, bt
concentration of soluble starch was at 2%, while,antibiotic production decreased at higher camatgon. On the
other hand, the selected carbon sources were ctatyplonsumed when used at this concentration. Aigker

concentration of carbon source may resulted iratteimulation of this carbon source in the cultmatmedium and
the remained amount depended on the initial conaéo. These results agreed with [35] who repoitteat

increasing concentrations of preferred carbon ssyrsuch as glycerol and maltose, decreased produsft the
antibiotics.

Table (8): Relation between active metabolites pragttivity and different soluble starch concentratiors

Soluble starch Mean_ diameter of inhit_>iti0n zone (mm) _
. of the tested microbial strains with standard dgéen(SD+) | Dry weight
concentrations — - -
(%) B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
1 261 16+1 14+1 1.0+01
2 38+4 28+ 2 30+2 19401
3 303 19+1 16+1 13+01
4 24 +£2 18+1 18+1 12+01
5 22+2 18+2 19+2 13+02
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C. Effect of supplying different nitrogen sources o the active metabolites yield produced bystreptomyces
cyaneus, Alex-SK121.

In a similar way to carbon, the nitrogen source wsed to regulate secondary metabolism. For thectien of a
suitable nitrogen source for maximizing the activetabolites productivity bgreptomyces cyaneus, Alex-SK121,
it was allowed to grow on starch nitrate productimedium containing different organic and inorganittogen
sources as, peptone, urea, sodium nitrate, yearsicexand ammonium sulphate at (0.2 %, N contérite results
revealed that the level of the active metabolfezduction may be greatly influenced by the nattype and
concentration of the nitrogen source supplied ex¢hlture medium. Data represented in (table 9)vedathat, the
highest active metabolites productivity ¥reptomyces cyaneus, Alex-SK121, was obtained in the presence of
sodium nitrate, this was followed by yeast exti@ud peptone. Since the activities resulted fronvaahetabolites
productivity in case of sodium nitrate reached ighést inhibition zone. These findings agree with tesults of

[36] who stated that the highest antibiotic prodhrctwas obtained in cultures containing sodium abér or
potassium nitrate as a nitrogen source.

Table (9): Relation between active metabolites pductivity and different nitrogen sources

Mean diameter of inhibition zone (mm)

Nitrogen source | of the tested microbial strains with standard deiation(SD+) | Dry weight

(0.2 %,N conten) B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231

Peptone 25 £2 16+1 17+1 1.7+0.1
Urea 171 14+1 16+1 12+01
Sodium Nitrate 38+3 30+2 29+2 1.8+£0.2
Yeast extract 27 %2 18+1 19+1 1.6+0.1
Ammonium 16+1 13+1 14+1 11401
Sulphate

D. Effect of supplying different sodium nitrate corcentrations on the active metabolites yield produak by
Streptomyces cyaneus, Alex-SK121.

This experiment was performed to detect best Nabiidcentration needed to fulfill maximum active aimlites
yield produced by&reptomyces cyaneus, Alex-SK121. Different NaN@concentrations covering rang of (0.1 % -
0.35 %,N content) were employed for this purposesuRs represented in (table 10) showed that, & b
concentration of sodium nitrate was at 0.2% N aanteHigh nitrogen levels had been noted to repiedsphase
production of antibiotics [34&37]. From the abovemtioned pattern of results, it appears that thenigation of
fermentation process shoulie considered not only the reduction of the co$teaev material but also the high
antimicrobial activity. In thistudy the information obtained is useful for depéhgy aStreptomyces cyaneus, Alex-
SK121 cultivation process fefficient production of antimicrobial active metdibes on a large scale.

Table (10): Relation between active metabolites pductivity and different sodium nitrate concentrations

Sodium nitrate Mea_n dia_meter (_)f inh_ibition zone (mm_) ‘
- of the tested microbial strains with standard delation(SD+) | Dry weight
Concentrations — - -
(% N, content) B. subtilis E. coli C. albicans mg/ml
ATCC 6633 ATCC 7839 ATCC 10231
0.1 13+1 16+1 15+1 0.9 0.1
0.15 12+1 15+1 14+1 15+01
0.2 37+3 29+2 28+3 20+0.2
0.25 25+2 19+1 24+2 1.5+0.1
0.3 19+1 161 14+4 1.3+0.1
0.35 15+1 18+1 14+1 09+0

Microbial Synthesis of gold Nanoparticles

Due to its unique properties, gold nanoparticleaNRs) have been used as an additive to varioussdeugl are
designated as passive medicine. Green synthesi®ldf nanoparticles using microorganisms or bialally active
metabolites provides advancement over chemicabpagdical methods as it is cost effective, environtrigendly,

easily scaled up for large scale synthesis andhis mnethod there is no need to use high pressurerge
temperature and toxic chemicals.

Therefore, it can be assumed in this study thatsecreted active metabolites in the cell frgeematant such as
proteins/enzymes (chitinase, amylase, proteasasdipcatalase, nitrate reductase and tyrosinask)eztucing
agents such as amino acids, peptides, organic, anitisnicrobial metabolites and melanin pigment®imlogical
entities, are found to be responsible for nanoglartproduction by reducing gold ions into AuNPs.he$e
compounds contain functional groups that play @ rial the reduction and hence the synthesis as agelhe
stabilization of gold nanoparticles. These metdbslcreate electrostatic attraction of negativélgrged chemical
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active moieties groups, therefore stabilizing thgetd nanoparticles by “capping” to prevent thejgeegation
through the creation of repulsive forces [7&21&38

On the other handn this study the cell free supernatantSifeptomyces cyaneus strain Alex-SK121 was able to
synthesis gold nanoparticles when addethébagqueous Al ions which reduced to AuNPandthis is indicated by
the color change from pale brown (due to melangmgint , 2mg/ml supernatant ) to dark pink colorlg/kbntrol
dos not give any color change. Also, the resultoPs synthesis at different temperature 25, 50aid 10P°C
indicating that the maximum absorption (1.3) warded at 108C as shown in (table 11.)

Based on previous studies [39], the key role ofoskmy thiol groups of enzymes or other chemicavaagroups in
the metabolites, for AUNPs formation, is high tenapere that destructs the appropriate folding efittand exposes
hydrophobic and hidden groups with reductive abdihd makes them possible to form nanometallictires. The
effect of temperature was determined by carryingtba reaction at different temperatures. It wasntbthat as
temperature increases, the AuNPs synthesis rateaises and the time taken for color conversion mash
reduced. At room temperature, there was an ind@bperiod for the formation of AUNPs and the swsik time was
longer, reaching 20 minutes. At 180, only 2 minutes were required to get the higlésorbance (1.3) indicating
the highest productivity of AUNPs, this result vilmsigreement with previous studies [21].

The radiation induced synthesis is one of the npemising strategies because it is simple, clead laas
harmless feature. The irradiated solution at déférgamma radiation doses such as 0.5, 1.0, 5.0,at@ 15.0
kGy were then characterized using UV.Vis. SpecttemeSo, the maximurabsorption (1.83) was recorded at 1 k
Gy as indicating in (tabl@2.) The formation of AUNPs can be attributed ® tadiolytic reduction which generally
involves radiolysis of aqueous solutions that piesi an efficient method to reduce metal ions. & rédiolytic
method, when aqueous solutions are exposed to gaaysathey create hydrated electrons, producethgitine
irradiation, which reduce the gold metal ionz#wo-valent atoms AuNPs . Also, the possible meishasuggests
that the radiolytic reduction by gamma radiatidnaqueous solution is carried out by organic rddidarmed.
Sreptomyces cyaneus strain Alex-SK121 supernatant molecules especigle brown melanin pigments
(C1gH1gNoO4, melanin structure formula), which  plays an impot role in scavenging the free radicals and
converted into organic radicles. It is worth notitiat, naked (e.g. uncoated) particles are ndilestaherefore
AuNPs are commonly protected by stabilizing ligandiéch found in the supernatant such as melanimeigs and
other enzymes as catalases, amylases, lipasesingse and chitinase. Solubility of AUNPs largidpends on the
polarity and hydrophilicity of the protecting ligdnSoluble AuNPs are also known as colloidal gold.

Table 11: Effect of temperature on gold nanopartites synthesis

Temperature (°C) | Maximum absorption O.D | Time (minute) | Wavelengthfim)
25 0.4 20 550
50 0.75 5 550
75 0.9 3 550
100 1.3 2 550

Table 12: Effect of gamma irradiation on gold nanoprticles synthesis

Radiation doses (kGy)| Maximum absorption (O.D)| Wavkength (nm)
0.5 0.798 535
1 1.83 525
5 1.52 530
10 1.209 535
15 0.488 540

AuNPs are among the most popular metal nanopastaile to their stability and fascinating properti€swing to
the good biocompatibility and non-toxic nature ofidMPs, they are widely used in biology and medicifiee
appearance of dark pink color in irradiated solutid 1 kGy and heated solution at ¥0@uggested the formation
of AuNPs and the color change is attributed toSheface Plasmon Resonance (SPRY. strong interaction of the
AuNPs with light occurs because the conductiontedas on the metal surface undergo a collectivéllason
when excited by light at specific wavelengths knoasi1a Surface Plasmon Resonance (SPR)e following
provisional suggested mechanism for reduction, wigcconsistent with similar studies on the irréidia reduction
of AgNPs and AuNPs in other solutions.

The growth of gold nanoparticles by reduction of A AL’ is step wise show in the following Egs. (1), (@), (4)
and (5), according to speculative reduction mecmsi[7&19&40&41].
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* Hzﬂ Gamma-irradiation o E-“L H30+, H:0H: Hz', Hzﬂz' (1}

*CIHHIH:\'-IO.I {melanin structure formula) +0H. = H}_D + C'laﬂp_\-zﬂ_l (_1]

A secondary radical is formd€ 15HoN,O,) which efficiently reduces the precursor metal idng" to AuC.

*C1gHN: 0y + A . Au{'+C13H33_30_| (3
*C'laﬂg_\_zﬂ_l + ._—'111_}_'3+ L ..—'1]121]+C13H13_20_| (4}
*C1sHoN, 0+ Auy™ » Au,"+C13H, 1N, 0, (5)

Characterization of the synthesized gold nanoparties (AUNPS).
Characterization of AUNPs synthesized by cell-fsepernatant oftreptomyces cyaneus strain Alex-SK121 at 1
kGy of gamma irradiation and heated at ID@Was performed through the following analysis;

UV-Visible Spectrophotometer (UV-Vis.)

The dispersion of gold nanoparticles displays is¢ecolors due to the Plasmon resonance absorpti@nsurface
of a metal is like plasma, having free electrongha conduction band and positively charged nu@eirface
Plasmon Resonance (SPR) is a collective excitatidhe electrons in the conduction band; near thréase of the
nanoparticles. Electrons are limited to speciflorations modes by the particle’s size and shapetefbre, metallic
nanoparticles have characteristic optical absantjmectrum in the UV-Visible region [41]. As shownFig.1. UV-
Visible spectrum of AuNPs synthesized by heatindctvtindicated that 10C was the best temperature used in
AuNPs synthesis in the presence of cell-free sigtant ofSreptomyces cyaneus strain Alex-SK121. Also, Fig. 2,
showing UV-Visible spectrum of AUNPs Synthesizeddaymma irradiation at 1 kGy in the presence of-ttel
supernatant oftreptomyces cyaneus strain Alex-SK121. it worth mentioning that the specifie/Wisibe spectrum
of melanin pigment at 475 nm not found in Fig. 1&2 because we used ill@té as a blank as mentioned in
materials and methods. The important biomedicalieggons of AuNPs in different fields originafeom their
size, versatility and usability.

Abs. (0.D.) Scan Spectium Curve Scan Spechum Cuve
20 T L J 2000 T

(1.83 abs., 525nm)

(1)=25 °C

1500

1000
hbs

1500

1 AM/I A . ‘

490,00 E00.00 200,00 00,00 15000 40000 £I0.00 B0

Wavesnathinm) Waelenathirm)
Fig. 1. UV-Visible spectrum of AuNPs synthesized blgeating in the Fig. 2. UV-Visible spectrum of AuNPs synthesized bgamma
presence of cell-free supernatant dtreptomyces cyaneus strain Alex- irradiation in the presence of cell-free supernatahof
SK121 at different temperature 25.0, 50.0, 75.0 antD0°C Streptomyces cyaneus strain Alex-SK121 at 1 kGy

Dynamic Light Scattering (DLS)

In order to examine the particles size distributibhS was also performed and its results were coethéo the
TEM data. The average patrticle size was determiyatlynamic light scattering (DLS) method and fotmdbe 33.3
nm (Fig. 3 in AuNPs synthesized by cell-free suptant ofStreptomyces cyaneus strain Alex-SK121 and heated at
10°C ) and 16.6 nm as shown in (Fig. 4), AuNPs sgsitted by cell-free supernatant @ifeptomyces cyaneus
strain Alex-SK121 and gamma irradiated at 1 kGy.

Transmission Electron Microscopy (TEM).
Transmission electron microscopy (TEM) examinatminthe solution containing AuNPs synthesized ie th
presence of cell-free supernatant &feptomyces cyaneus strain Alex-SK121 and heated at 200which
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demonstrated spherical particles within nano rarfgat 16.4 nm to 26.6 nm with the main diamete2®f06 nm
as shown in figure 5. Also, spherical particleshimit nano ranged from 6.5 nm to 20.0 nm with ttemdiameter
of 12.63 nm as shown in figure 6 which synthesipeithe presence of cell-free supernatar®odptomyces cyaneus
strain Alex-SK121 and gamma irradiated at 1 kGhe Particle size obtained from DLS measurementbviously
larger than the TEM results because DLS analys&sores the hydrodynamic radius which takes intsidenation
the all the cell-free supernatant constituents mirgkayer on the surface of the gold as well [4lt]is evident from
the figures (5 & 6) that the biosynthesized goldaparticles are spherical in shape and mostly obdeas individual
particles as well as a few as aggregates. Howagegparticles were not in direct contact even withe aggregates,
indicating stabilization of these particles by amiag agent. The observations led to the suggeshiainthe release
of extracellular proteins such as enzymes in tlesgamce of reducing agent such as melanin pigmemteagously

mentioned could possibly perform the formation atabilization of AUNPs in aqueous medium.

Peak # 1. Mean Diam.= 33.3, S.Dev.= 3.2, Num.=100%
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DLS pattern of particle size distribution of the synthesized AuUNPs
in the presence of cell-free supernatant ctreptomyces cyaneus
strain Alex-SK121 heated at 10%C
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Fig. 5. TEM of the synthesized AuNPs in the preseaof cell-free
supernatant of Streptomyces cyaneus strain Alex-SK1 and
heated at 100C

X-Ray Diffraction (X-RD).

Peak #1 . Mean Diam =16.6 nm, 5.Dev.= 1.8, Num=100%.
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Fig. 4. DLS pattern of particle size distribution d the synthesized

AuNPs in the presence of cell-free supernatant &reptomyces
cyaneus strain Alex-SK121 gamma irradiated at 1.0 kGy
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Fig. 6. TEM of the synthesized AuNPs in the presea®f cell-free

supernatant of Streptomyces cyaneus strain Alex-SK121 and gamma
irradiated at 1.0 kGy

For XRD analysis, the prepared sample was cen&ifuand the precipitate was dried under vacuum akehtfor
XRD analysis. XRD was also used to examine the synthesized AUNP$RD, x-rays that are produced by the x-
ray beam get scattered by the atoms in the saipderes are then scattered spherically from the atairish
causes the intensity of the scattered radiatioshtawv minimum and maximums in different directioK®D allows

a better visual of the structure of the observenatbecause it shows axes, shape, size and paositibe atoms
XRD pattern for the gold aggregates is shown inufgg7, several peaks are observed, these beinguat A
nanocomposite show the diffraction features appgaat 2 theta (degree) as 38,24.5, 64.% , and 77.6, which
correspond to the (111), (200), (220), and (31apes$ of the standard cubic phase of Au, respegtivelheyare
identical with those reported for the standard goletal (Af). The obtained data was matched with the Joint
Committee on Powder Diffraction Standards (JCPDSJA, card No. 893722, file no: 01-1174 for Au. The
presence of these four intense peaks corresportdintpe nanoparticles was in agreement with the @sag
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reflections of gold identified with the diffractiopattern [19&42 ]. Thus, the XRD pattern suggebktt the gold
nanoparticles were essentially the face-centered cubic (fcc) structure andtalyis nature. The observation of
diffraction peaks for the gold nanoparticles intiksathat these are crystalline in this size raniievits broadening
is related to the particles in the nanometer sgme as shown in Fig 7. The mean particle diamet&uNPs was
(31.2 nm ), which calculated from the XRD patteusig the following :

Debye —Scherrer’s equatioD:= ki / § Cos6

The obvious increase in AUNPs size as compared DIits and TEM data may be due to aggregation of AsINP
during sample preparation for XRD technique.

(200}

—— Gold nanoparticles

Count
g

20 40 50 en 7O &0 20 100
2 Theta

Fig. 7. XRD of the synthesized AuNPs in the presea of cell-free supernatant oftreptomyces cyaneus strain Alex-SK121 and gamma
irradiated at 1.0 kGy

Fourier Transforms Infrared Spectrometer (FT- IR)

It was observed from the FT-IR spectrum of AuNPsciisynthesized by cell-free supernatantSEptomyces
cyaneus strain Alex-SK12 heated at 1D or gamma irradiated at 1 kGy that the bands at.58 cnt
corresponding to a primary amine (NH band), and520Zm' corresponding to a primary amine (NH stretch
vibrations of the proteins) as shown in Fig. 8 @atle 13. Also, a broad absorption band at 342én8bindicates
the presence of —OH and Migroups and small band at 2346.00'comn be assigned to stretching vibration of
aliphatic C-H group. The characteristic band atla&m" attributed to vibrations of aromatic ring C=C ofide |
C=0 and/or of COO- groups. The positions of thesedls were close to that reported for native pretéiihe FT-IR
results indicate that the secondary structure ofgims was not affected as a consequence of reaestth Au’ ions

or binding with AuNPs and there are no differengeshe position of peaks and slightly changes in %iich
indicated that AuNPs incorporated or capped philgitey the function group of native protein fourd Cell-Free
Supernatant of Streptomyces cyaneus strain Alex23K41].

It is interesting to note that, melanin pigment ethiesponsible for reduction mechanism in AuNPgt&gis found
in filtrate of Streptomyces cyaneus strain Alex-SK121and this is indicated by FTIR analysis with a standaeanin
pigment [43] which show absorption at 3500 cfar standard and for actinomycetal melanin pignustained in
this study the signals from 3429.8 trand 2853.2 cih attributed to the stretching vibrations of (-OMH) the
carboxylic, phenolic and aromatic amino functiogabups of indolic and pyrrolic systems. The OH dieg of
phenolic and carboxylic groups are present in &t and 1352.8 cth in the melanin pigment. These
observations seem to indicat that melanin pigmghtffeunded in the filtrate ofStreptomyces cyaneus strain Alex-
SK121
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— Cell- free supernatant + AUNPs.
0.5 — Cell-free supernatant only (Control).
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Fig. 8. FT-IR spectrum of fermented extract with géd nanoparticles (Black Peaks) and without gold naoparticles (Red Peaks)

Table 13. FT-IR Wave number of characteristics bond and corresponding assignments foBtreptomyces cyaneus strain Alex-SK121
without and with AUNPs.[7&41]

Peak Fw:/ts Filtrate +AgNPs
Wave number Comment
number number 1
(Cm—l) (Cm )
1 3429.80 3423.70 Corresponding to OH and NH- group band vibration
These peaks are characteristic topresence of-NH amino group and—@&iretching group in
2 2927.40 2924.50 alcoholic and phenolic compounds .The slightlyndein T% in this peak may be due to the
physical binding or incorporation of Au ions to @rbup forming stable AUNPS.
2346.00 2346.00 Corresponding to stretching vibration of alipba®i-H group
4 1189.9 1187.0 May be ascribed for the presence of C=0 stretchingp, and attributed to vibrations of
) ) aromatic ring C=C of amide | C=0 and/or of COCaups.
767.53 764.64 Due to N-H in the primary amine.

BIOLOGICAL APPLICATIONS OF THE SYNTHESIZED AuNPs

Antimicrobial Activity

The antimicrobial activity of green synthesizedpéised gold nanoparticles was tested by referongttacycline
as a standard antibacterial agent and AmphoteBi@r a standard antifungal agent (ifddisc). As shown in Table
14, the biologically synthesized AuNPs (10 pg/ml)owkd good antibacterial activity against Gram- ppesiand
Gram-negative bacteria among the bacterial patrotgsted, maximal growth inhibition was observedBacillus
subtilis and E.coli, and also, AuNPs showed antifungal activity agaimscellular fungi, when compared to the
standard antibiotic. In this connection it may bentioned that, the AuNPs bind to the bacterial kelmbrane and
break through bacteria cell wall and interact witbtein- and phosphorous-containing compounds, sscBNA.
After interaction, AUNPs may attack the respiratamgchanisms, cell division, and finally leads tattle Also,
several studies reported that gold ions react $#ihgroups of proteins and play a vital role in ké&el inactivation.
Uncoupled respiratory electron transport from ottidaphosphorylation which inhibits respiratory shanzymes
and interaction with nucleic acids probably residtéhe impairment of DNA replication. In the presetudy the
antimicrobial ability of AUNPs might be referred tteeir small size (main diameter of 12.63 nm), \ahig smaller
than the bacteria or fungi. This makes them easieadhere with the cell wall of the microorganisoaising
destruction and leads to the death of the cell.aMetnoparticles are the damaging agents to bacéerd fungi
[19&44&45].
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Table 14. Antibacterial and Antifungal activities d AUNPs against some bacterial and fungal test stias as zone of inhibition and MIC

Zone of inhibition (mm) MiC FX’UYTIIH(:USQ/W)
Microorganism AUNPS Standard Antibacterial agents(Tetracycline) AUNPS
and Antifungal Agent (Amphotericin B)

Bacillus subtilis ATCC 6633 39+3mm 18+1mm 6.25 pg/m
Saphylococcus aureus ATCC 6538 28+2mm 29+3mm 3.12 pg/ml
Escherichia coli ATCC 7839 33+3mm 32+3mm 6.25 pg/mi
Pseudomonas aeruginosa ATCC 9027 | 26+2mm 20+2mm 6.25 pg/mi
Candida albicans ATCC 10231 30£2mm 19+1mm 1.25 pg/ml

Therefore, based on the findings of the above tepdrcan be assumed that metallic nanoparticte® hattracted
great interest in their development as potentiihdarobial drugs.

Antioxidant Activity

Numerous essential free radical species are geakeiaour body during cellular metabolism; those @asponsible
for cellular signaling, pathogen defense and homasgsetc. But excessive free radical generattuses damages
to the living organisms. For instance, free radaalgen species attack directly on unsaturateg &aids in the cell
membrane causing damages to the cells. So, imgbard an antioxidant plays a crucial rule. An@itlant may
terminate the oxidative potentiality by scavengthg free radical which is generated during oxidatimocess.
Recently, some progresses have been achieved avahgation of antioxidant activity of nano matésip46].

The antioxidant activity of the synthesized AuNPaswevaluated using DPPH (2,2-diphenyl-1-picrylhyggiba
scavenging assay. DPPH is a stable nitrogen-cehfieze radical, the color of which changes frometido yellow
upon the reduction by either the process of hydrageslectron donation. Substances which are alpetform this
reaction can be considered as antioxidants anceftive, radical scavengers. As shown in Tableal&ignificant
difference was observed among the respective vablesined. The DPPH values were increased in a dose
dependent manner. Gold nanoparticles (AuNPs) ame a@hthe most commonly used nanomaterials. Gold
nanoparticles possessing antioxidant activggi@st various in vitro antioxidant systems. Theefradical
scavenging activity of AUNPs was found to be high compared with standard, which confirmed ingresent
investigation. From the above assays, the possielehanism of antioxidant activity of AUNPs includesluctive
ability, electron donating ability and scavengefsaulicals. Among various metal nanoparticles, Aamaparticles
are well-suited for a wide range of biological apations because of its chemical inertness aridteege to surface
oxidation . The surfaces of Au nanoparticles aegtiularly suitable to serve as a stable and oaitt platform, on
which pharmaceutical compounds can be deliver8&4x].

Table 15. DPPH Free radical scavenging activityfdiosynthesized gold Nanoparticles and Tert-Butyhydroquinone (TBHQ) (Stander)

Concentration AUNPs/ TBHQ _ Absorbance % (517nm) Scavenging activity %

(ppm) AUNPs TBHQ AUNPs __ TBHQ
5.0 0.28 0.30 66 70
10.0 0.18 0.21 75 79
20.0 0.12 0.14 83 86
40.0 0.07 0.11 90 89
80.0 0.03 0.02 96 98

Antitumor Activities

Nanoparticles as AuNPs are usually smaller tharersévhundred nanometers in size, comparable toelarg
biological molecules such as enzymes, receptors, sike about 100 to 10,000 times smaller than hucedls.
These nanoparticles can offer unprecedented irtteracwith biomolecules both on the surface anddmghe
body cells, which may bring revolution in cancemghosis and treatment [48]. The biosynthesized gold
nanoparticles (AuNPs) exhibited antitumor activdiyainst human breast carcinoma cells MCF7 (ATCC 2B
and human liver carcinoma cells HEPG-2 (ATCC HB80@8h 1Cs, 64.3 and 76.71g/ml, respectively. Data are
represented inFjgure 9for MCF7 (ATCC HTB23 cell line) and Figure 10for HEPG-2 (ATCC HB8065¥ell line.
While the cytotoxicity biosynthesized gold nanoparticlé&uNPs) on non-tumor cells have s§C433.2 pg/ml
(Figure 11). Dreadest al.,[49], reported that gold nanoparticles presemhéedous opportunities for the design of
next-generation, multimodal anti-cancer treatmerdtagies involving photothermal therapy, drug \daly, gene
therapy, and cell cycle regulation. Also, in thisnnection it may be mentioned thahe cellular uptake,
cytotoxicity, and subcellular localization of AuNRse highly sensitive to the particle size, shapeface charge,
hydrophobicity, and nature of the surface liganaNPs caused hydrogen oxygen accumulation by ciltoso
glutathione (GSH) depletion and subsequently att/anitochondrial apoptosis pathway. Also, AuNR=lizing

in cell nuclei would induce DNA damage and cytokisearrest as reported in [50&5The most exciting aspect of
the particles was their instant effect on cancérioes and their non-toxicity towards normal celBreast cancer is
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the most common and the second leading cause oécdrath among women. In the present study, weeshthat
MCF-7 breast cancer cells treated with gold nartagp@s significantly reduced and may be helpfubvercoming
some of the challenges inherent to current breastar treatment modalities.

MCF7 Cells (Breast Cancer] HEPG-2 Cells (Liver Cancer]
100
10 1n
0 0 3 B
= ®
£ ap g o E‘ W
- g 5
s 5 5
3 9 3 4 &
0 5] T 4
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05 a2
0
0 0
0 2 Q 0 80 100 12 0 2 4 L] 8 10 12
conc.of synthesized AuNPs (ppm) conc.of synthesized AuNPs (ppm) 0
0 426 628 126 260 60O 1000
amwm Cll viabilty column VS Cone.colum
| Al Con o]

) . - . Figure (11): Cytotoxicity assay of gold
Figure 9. Antitumor  activity of synthesized ~Figure 10. Antitumor activity of synthesized 3 0particles on the normal cell line

AuNPs against MCF7 (ATCC HTB22) cell AuNPs against HEPG-2 (ATCC HB8065) (non tumor cell line)
line cell line
CONCLUSION

Marine ecosystem is still an unexplored estuarilgitht of its rich microbial diversity. There arede possibilities
for the occurrence of potential microbes to withdtanetal stress in its nutrient rich habitat. Whis background,
we have isolated a uniqureptomyces cyaneus strain Alex-SK121and studied its capability to thasize AUNPs
using different gamma irradiation doses and undgiom of heat. The synthesized gold nanoparticlesew
characterized by UV-Visible, DLS, TEM, X-RD aR@IR spectroscopy. Also, the different biologieativities of
the AuNPs were evaluated. The synthesized goldpatioles may be advantageous as antimicrobialtaagainst
a range of pathogenic bacteria and fungi. The AudlBs show promise as antitumor agents contairongesevel
of antioxidant activity.
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