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identified as Anabaena variabilis NTSS17, that produces a pigment i.e. phycobiliproteins. The
biosynthesized zinc nanoparticles were characterized by different spectroscopic and analytical
techniques such as UV-visible spectrophotometer, Fourier transform infrared spectroscopy and
X-ray diffraction which confirmed the formation of zinc nanoparticles.

Keywords: Results: Antibacterial activity of zinc oxide nanoparticles was examined against Escherichia
Anabaena variabilis NTSS17 ; . .
|2 et coli, Rhodococcus rhodochrous and Pseudomonas aeruginosa. The maximum zone of

Zinc oxide nanoparticles
Antibacterial activity

inhibition occurred at 5 mg/1 000 mL concentration of zinc oxide nanoparticles.
Conclusions: Due to potent antimicrobial and intrinsic properties of zinc oxide, it can be
actively used for biomedical applications.

1. Introduction

Now a days, human beings are often infected by microorganisms
such as bacteria, molds, yeasts and viruses present in their living
environments. Bacterial pathogens like Escherichia coli (E.
coli), Staphylococcus aureus and Pseudomonas aeruginosa (P.
aeruginosa) are responsible for diseases like mastitis, endocarditis
and upper respiratory complications(1,2]. Enteric bacteria comprised
of Salmonella sp., Shigella sp., Proteus sp., Klebsiella sp., E. coli,
Pseudomonas sp., Vibrio cholerae and Staphylococcus aureus are
the major etiological agents of sporadic and epidemic diarrhea
both in children and adults[3]. The treatment of bacterial infection
is increasingly complicated because of the ability of bacteria to
develop resistance to antimicrobial agents. Multi-drug resistant
organisms are bacteria resistant to the current antibiotic therapy and
therefore difficult to treat. They result in serious local and systemic
infections that can be seriously debilitating and even life threatening.
The increasing antibiotic resistance is a major threat to our society.
The development of new antibiotics and drug targets encourages
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the scientific community to look for other alternatives for antibiotic
production.

Recent research revealed that nanoparticles have received
prominence like antimicrobial, antioxidant, larvicidal, insecticidal
and anticancer activities[4-10]. The recovery of the precious metals
by microbial sources such as cyanobacteria, actinobacteria,
bacteria, fungi with the formation of their nanoparticles is an eco-
friendly alternative to the conventional methods[11]. To date, many
researchers have reported the eco-friendly, reliable, energy-efficient
and non-toxic methods for the synthesis of useful nanoparticles
employing microbes[12-16]. A number of physical and chemical
methods have been employed for the synthesis of zinc oxide
nanoparticles (ZnO NPs) including the use of toxic chemicals[17,18].
It is felt that extensive usage of these metal oxide nanoparticles may
lead to their potential introduction into the environment which could
adversely affect human health. Their possible toxicity could induce
cell membrane leakage, warranting the need to develop alternative
methods of environmentally benign synthesis protocols[19]. Presently,
much research emphasis is being laid upon the antimicrobial
properties of ZnO NPs and their exploitation as antimicrobial agents
for textile finishing against a wide spectrum of bacteria, fungi and
yeast[20-22].

Our research group Mubarak et al.[23] has previously reported
that fluorescent property of protein in phycobilins is solely due
to tyrosine, phenylalanine, and tryptophan moieties and would be
responsible for the very efficient formation of cadmium sulfide
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nanoparticles and may also be involved in preventing agglomeration.
Cyanobacteria (blue-green algae), one of the largest and most primitive
ancestral groups of photoautotrophic bacteria are a rich source of
pigments/proteins. Like red algae and cryptomonads, blue-green
algae also contain phycobiliproteins. They are large water soluble
supra molecular protein aggregates involved in light harvesting in
these organisms and may comprise as much as 40%—60% of the
total soluble protein in these cells[24]. They are highly diverse in their
structure and pigment composition in cyanobacteria, red algae and
cryptomonads(25,26].

Literature evidenced that synthesis of silver nanoparticles has
been achieved by using the whole cells of non-nitrogen-fixing
cyanobacteria, namely, Plectonema boryanum and the marine
Oscillatoria willeil27,28]. Jayaseelan et al.[29] reported the synthesis of
ZnO NPs using the bacterium Aeromonas hydrophila. In the present
study, the evaluation of antibacterial activity of ZnO NPs synthesized
using phycobilins of Anabaena variabilis NTSS17 (A. variabilis) has
been studied.

2. Materials and methods
2.1. Chemicals

Zinc nitrate was purchased from Sigma—Aldrich. The media for
bacterial growth and antimicrobial activity, Muller-Hinton agar,
nutrient broth and nutrient agar were supplied by HiMedia, India.

2.2. Bacterial pathogens used in this study

Bacterial isolates of E. coli, Rhodococcus rhodochrous (R.
rhodochrous) and P. aeruginosa (purchased from MTCC, Mumbai,
India) were used in this study. These isolates were cultured in nutrient
broth at 37 °C for 24 h.

2.3. Samples

The cyanobacteria samples were collected from paddy field in
Suraiyur Village, Tiruchirappalli, Tamil Nadu, India.

2.4. Isolation, identification and growth condition of
cyanobacteria

The collected samples were enriched initially in BG11 broth in
erlenmeyer flask at (24 + 2) °C and illuminated with cool white
Sylvania 40 W T12 fluorescent lamps at an intensity of (14.4 + 1.0)
W/m” for a 16/8 h light/dark cycle. The culture broth was shaken
manually for five to six times a day. The purity of the culture was
monitored by regular observation under microscope. The isolated
cyanobacteria were identified microscopically using light and
confocal microscope with help of standard manual.

2.5. Mass cultivation

A. variabilis was mass cultured in 20 L tank at (24 + 2) °C and
illuminated with cool white Sylvania 40W T12 fluorescent lamps at an
intensity of (14.4 + 1.0) W/m’ for a 16/8 h light/dark cycle for further
experiments.

2.6. Harvesting the biomass of A. variabilis

The A. variabilis was harvested in their stationary growth phase by
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centrifugation at 4000 r/min for 15 min. The harvested biomass was
used for phycobilin protein extraction for nanoparticle synthesis.

2.7. Extraction and estimation of phycobilins from A. variabilis

A total of 100 mL of homogenized log phase A. variabilis was
centrifuged at 8000 r/min to obtain pellet. A. variabilis was suspended
in sterile water and sonicated for 2 min at maximum output and duty
cycles. The resulting extract was centrifuged at 8 000 r/min for 30
min and filtered through Whatman No. 1 filter paper to remove cell
debris. The amount of phycobili proteins was measured as described
by Bennett and BogoradI301.

2.8. Characterization of phycobilins of A. variabilis using UV-
visible spectral analysis

One milliliter sample was withdrawn at different time intervals and
surface plasmon resonance of phycobilins was characterized using a
UV-vis spectrophotometer (Cary 60, Agilent Technologies, USA) at
the resolution of from 200 to 800 nm.

2.9. Extracellular biosynthesis of ZnO NPs using phycobilins
of A. variabilis

Ten grams of Anabaenasp. NTSS17 was suspended in 100 mL of
sterile water and sonicated for 2 min at maximum output and duty
cycles. The resulting extract was centrifuged at 8000 r/min for 30 min
and filtered through Whatman No. 1 filter paper to remove cell debris.
50 mL A. variabilis cell free extracts of phycobilins were taken in a
separate flask and zinc nitrate solution (1 mmol/L final concentration)
was added for testing the synthesis of nanoparticles. Together with
this, the cell free extracts without zinc nitrate and zinc nitrate solution
alone were taken separately in two flasks to serve as positive and
negative controls, respectively. The flasks were incubated in the dark
at 25 °C in a shaker (150 r/min) for 3 days. All the experiments were
performed in triplicate.

2.10. Characterization of biosynthesized ZnO NPs using
phycobilins of A. variabilis

Biosynthesis of ZnO NPs using phycobilins of A. variabilis
was visibly observed by change in the color of the medium
and the aliquots were subjected to UV-visible spectroscopy to
measure the peak, then the particles were purified by density
gradient centrifugation method. The chemical composition of zinc
nanoparticles were analyzed by Fourier transmission infrared (FTIR)
spectroscopy. The structure was studied by X-ray diffraction (XRD)
technique. Releases of zinc ions in the solution were also measured.

2.10.1. UV-visible spectral analysis

Sample of 1 mL was withdrawn at different time intervals and
surface plasmon resonance of zinc nanoparticles was characterized
using a UV-vis spectrophotometer (CARY 60, Agilent Technology,
USA) at the resolution of from 200 to 500 nm.

2.10.2. FTIR spectroscopy measurements

The residual solution after reaction was centrifuged at 10000 r/min for
15 min and the resulting suspension was repeated for three times, after
that the purified suspension was washed with deionized water to get
pure form i.e., free of proteins/enzymes which are not able to capping
the zinc nanoparticles. The sample was completely dried at 60 °C.
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Finally the dried nanoparticles were analyzed by FTIR (Perkin Elmer,
USA).

2.10.3. XRD analysis

The XRD technique was used to analyze the metallic nature of
particles. After bioreduction, zinc nanoparticles solution thus obtained
was purified by repeated centrifugation at 5000 r/min for 20 min
followed by redispersion of the pellet of zinc nanoparticles into 10
mL of sterile deionized water. After freeze drying of the purified zinc
particles, the structure and composition were analyzed by XRD.

2.11. Antibacterial activity of zinc nanoparticles

Antibacterial activity was carried out using the well diffusion
method (Kirby Beyer method). The Petri plates were prepared with
20 mL of sterile Mueller Hinton agar (HiMedia) and the bacterial
cultures were swabbed on the top of the solidified media and allowed
to dry for 10 min. Four wells were made using a sterile cork borer.
Well diffusion method was used to observe the dose dependent
antibacterial activity of ZnO NPs on bacterial species. Bacterial
inoculums were prepared by growing a single colony overnight in
nutrient broth and adjusting the turbidity to 0.5 McFarland standards.
And 50 pL of biosynthesized ZnO NPs from A. variabilis were used
to study the antibacterial activity against Gram-negative bacteria E.
coli MTCC B948, R. rhodochrous MTCC 265 and P. aeruginosa MTCC
2453 with well diffusion method by culturing the microorganism in
Muller-Hinton agar. Each strain was individually swabbed uniformly
onto the surface of Mueller-Hinton agar plate using sterile cotton
swab (Himedia Labs, Mumbai, India). These plates were incubated
at 37 °C for 24 h. The zone of inhibition was measured by subtracting
the well diameter from the total inhibition zone diameter.

3. Results
3.1. Morphological identification of cyanobacteria

The sample appeared to be dark brown in colour when observed
with the naked eye. Cyanobacteria identification was done with
light microscope observation (Micros Austria-MCX500) with the
morphological properties like slightly constricted, cross walls, conical
and obture end cells, oval shaped heterocyst. Finally, it was identified
as Anabaena variabilis (Figure 1). This strain was deposited in the
germplasm of Department of Microbiology, Bharathidasan University
with strain named as A. variabilis.

3.2. Determination of phycobiliproteins of A. variabilis
A. variabilis extract was analysed by UV-vis specrophotometer for
phycobiliproteins (Figures 2A and 3). A. variabilis extracts having

(Apax ~569 nm) phycoerythrin, (A, ~616 nm) phycocyanin, (A,
~676 nm) allophycocyanin B.

3.3. Biosynthesized ZnO NPs characterized by UV, FTIR and
XRD

3.3.1. UV-visible spectral analysis of ZnO NPs

Reduction will occur and nano will form as it was monitored by
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sampling the reaction mixture at regular intervals and the absorption
maxima was monitored by UV-vis spectra, at the wavelength of
200-500 nm in Cary spectrophotometer operated at a resolution of 1
nm (Figures 2B and 4). Zinc nanoparticles exhibit unique and tunable
optical properties on account of their surface plasmon resonance,
dependent on shape, size and size distribution of the nanoparticles.
The reduction of Zn" ions was monitored by measuring the UV-
visible spectra of the solutions after diluting a small aliquot (0.2 mL)
of the sample 20 times.

Heterocyst

Figure 1. Microphotograph (A) and confocal image (B) of A. variabilis.

\ B

Figure 2. Phycobilins cell wall extracts (A) and ZnO NPs synthesis (B) of
A. variabilis.

3.2.2. Identification of functional groups ZnO NPs

The synthesized zinc nanoparticles were subjected to FTIR analysis to
detect the various characteristic of functional groups associated with the
synthesized nanoparticles (Table 1 and Figure SA). The peaks indicated
the characteristics functional group presented in the synthesized
ZnO NPs. The spectrum showed the presence of bands at 3274.95,
1626.01, 1537.61, and 1033.59 cm™. The peaks at 1537.61 cm” and
1626.01 cm™ were ascribed to the vibrational modes of aromatic
nitrocompounds and alkyl C=C stretch, amide, open chain amino.
The positions of these bands were close to those reported for native
proteins. The FTIR results indicated that the secondary structures of
proteins were not affected as a consequence of reaction with zinc ions
or binding with zinc nanoparticles. This evidence suggested that the
release of extracellular protein molecules could possibly perform the
function for the formation and stabilization of zinc nanoparticles in
aqueous medium.

Table 1
Frequency values of FTIR peaks for biosynthesized ZnO NPs corresponding
to their functional groups.

Wave number (cm”) Functional groups

3274.95 Alcohol, O-H (stretch H-bounded)
1626.01 Carbonyl C=0, N-H bending for primary and secondary amides
1537.61 C=0/C=N group shifted

1033.59 C-H
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Figure 3. UV-vis spectrum of phycobiliproteins of A. variabilis NTSS17.
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Figure 4. UV-vis spectrum of biosynthesized ZnO NPs.

Figure 6. Antibacterial activity of biosynthesized ZnO NPs against bacterial pathogen bgf Wl diffusion method.
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Figure 5. FTIR spectrum (A) and XRD pattern (B) of biosynthesized ZnO NPs.

1: ZnO NPs from A. variabilis; 2: H,0 control; A: R. rhodochrous MTCC 265; B: P. aeruginosa MTCC 2453; C: E. coli MTCC B948.

3.3.3. XRD analysis

The crystalline natures of zinc nanoparticles were confirmed from
the XRD analysis. The XRD pattern of freeze-dried nanoparticles
exhibited peaks at 31.6°, 36.2°, 47.5° and 62.8° which correspond to
the (100), (101), (102) and (103) reflection of fullerene containing
carbon, respectively. The XRD results showed that the zinc
nanoparticles formed were crystalline in nature (Figure 5B).

3.4. Antibacterial activity

The antibacterial activity of metal nanoparticles of zinc oxide
exhibited strong activity against E. coli, R. rhodochrous and P.
aeruginosa, which was studied in Kirby Beyer method and Muller-
Hinton agar. The formation of zone was clearly observed around
the disc containing ZnO NPs. The maximum inhibition zones of
zinc oxide for nanoparticles E. coli MTCC B948, R. rhodochrous
MTCC 265 and P. aeruginosa MTCC 2453 were 16, 13 and 12 mm,

respectively, with a concentration of 5 mg/1000 mL (Table 2 and
Figure 6).
Table 2

Zone of inhibition of antibacterial activity of biosynthesized ZnO NPs against
bacterial pathogen. mm.

Bacterial pathogens Zone of inhibition

R. rhodochrous MTCC 265 13
P. aeruginosa MTCC 2453 12
E. coli MTCC B948 16

4. Discussion

In the present study, the A. variabilis used for synthesis of ZnO
NPs was isolated from a paddy field. It produced pink pigment
phycoerythrin, then due to the absorption of light it changed to blue
colour i.e. phycocyanin. These brilliantly colored proteins can be
broadly divided into three classes based on their spectral properties:
phycoerythrin (A, ~565 nm), phycocyanin (A, ~620 nm), and
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allophycocyanin (A, ~650 nm). A fourth phycobiliprotein known as
allophycocyanin B (A,,,, ~670 nm) has also been shown to be present
in cyanobacteria in low amounts[311.

In the present study A. variabilis extract was analysed by UV-
vis for phycobiliproteins. It showed characteristic peaks at A,
~569 nm, A, ~616 nm and A, ~676 nm having phycoerythirin,
phycocyanin and allophycocyanin B respectively. Eriksen(32] reported
that Anabaena has been mostly exploited for phycocyanin which
is another important cyanobacterial accessory pigment having a
number of industrial applications. But exploitation of Anabaena for
phycoerythrin production is very limited according to the literatures
available till date. Only few reports were available from India
regarding the phycoerythrins production from cyanobacterial and red
algae[33-35].

However, very few reports are available dealing with the use
of cell extracts of bacteria and cyanobacteria in synthesis of
nanoparticles[13]. Most probably cell extract moieties involved in the
formation of nanoparticles probably render stability to the synthesized
particles. While the exact mechanisms of reactions involved in
ZnO NPs synthesis could not be established, and previous studies
have indicated that proteins can bind to nanoparticles through free
amine groups or cysteine residues or negatively charged carboxylate
groups of enzymes[13,23,29]. As the cell extract contains bulk of
phycobiliproteins, their role in interaction seems more important.
Role of phycobiliprotein in the synthesis of metal nanoparticles
has been well documented[23]. However, further work is needed to
ascertain the exact mechanisms of ZnO NPs synthesis.

In the present study, ZnO NPs revealed peaks at 358 nm. These
surface plasmon resonance bands undergo a red or blue shift[36],
depending on the quantum size effects. The bioreduction of zinc ions
were visually suggested by color change from white to pale brown for
ZnO NPs during the exposure of alga extract while no color change
was noticed with zinc nitrate solutions without alga extract. It is
reported that the color change may be due to the excitation of surface
plasmon resonance effect and decrease of AgNO,[37]. Bioreduction
of the aqueous Zn** ions after exposure to the macroalgae extract was
monitored by UV-vis spectroscopy which is an important technique
to determine the production and constancy of metal nanoparticles in
an aqueous solution. The algae, when reacted with Zn”" ions, reduces
the precursor resolution and leads to the formation of extracellular
nanoparticles as monitored by UV-vis spectroscopy. It is generally
recognized that the UV-vis spectroscopy could be used to examine
size- and shape-controlled nanoparticles in aqueous suspensions[36].
Singh et al.[38] clearly demonstrated that the cell extract of the
cyanobacterium Anabaena isolate L31 efficiently reacts with ZnNO,
to form ZnO NPs. As such UV-vis absorption spectra are known to be
quite sensitive for testing the formation of various metal nanoparticles
including ZnO NPs and thus could be used as one of the simplest
confirmatory tools.

In the present study, FTIR spectrum revealed the presence of
bands at 3274.95, 1626.01, 1537.61, and 1033.59 cm™. The peaks
at 1537.61 cm™ and 1626.01 cm™ were ascribed to the vibrational
modes of aromatic nitrocompounds and alkyl C=C stretch of amide
group respectively. The positions of these bands were close to those
reported for native proteins. The FTIR results indicated that the
secondary structures of proteins were not affected as a consequence
of reaction with zinc ions or binding with zinc nanoparticles. Infrared
study confirms the presence of amide groups and aliphatic residues
of proteins have a strong ability to bind to metal, so that the protein is
most possibly covered by the metal nanoparticle. It has been earlier
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reported that protein can bind nanoparticles either through amide
or aliphatic groups residues[39]. This evidence suggested that the
release of extracellular protein phycobiliproteins molecules could
possibly perform the function for the formation and stabilization of
zinc nanoparticles in aqueous medium. In the present study, the XRD
results showed that the zinc nanoparticles formed were crystalline
in nature. It was quite common, the broadening of the peaks in the
XRD patterns of solids was attributed to particle size effects. This
study clearly indicated that antibacterial activity of ZnO NPs exhibited
strong activity against E. coli, R. rhodochrous and P. aeruginosa
in Muller-Hinton agar. The antibiogram study of biosynthesized
zinc oxide nanoparticles has been previously reported by various
researchers against pathogenic microorganisms[40]. Reports of Zhang
et al.[41] supported the finding that antibacterial behavior of ZnO NPs
could be due to chemical interactions between hydrogen peroxide
and membrane proteins, or between other chemical species produced
in the presence of ZnO NPs and the outer lipid bilayer of bacteria. The
hydrogen peroxide produced enters the cell membrane of bacteria
and kills them. It was shown in the study that zinc oxide particles are
responsible for inhibiting bacterial growth.

Interestingly, in this study cell extract contains bulk of
phycobiliproteins, their role in interaction seems more important.
They may be a suitable candidate for green synthesis of metal
nanoparticles. The antimicrobial activity was tested against three
different human pathogens. Thus the application of such eco-friendly
zinc nanoparticles in bactericidal, anticancer and other medical and
electronic applications, make this method potentially exciting for
the large scale synthesis of other inorganic nano material. Further
researches are required to gain insight into the molecular mechanism
involved in the ZnO NPs, its toxicity, immunity and mode of action,
which is necessary for safe and effective exploitation of zinc
nanoparticles in nanotechnology based industries.
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