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ABSTRACT: Green nanotechnology has recently emerged as an area of
research involving more eco-friendly and energy-efficient approaches for the
synthesis of inorganic nanoparticles. The point of the present investigation is to
evaluate the capacity of selected strains of freshwater Cyanobacteria
(Microalgae) for their capability to biosynthesize silver nanoparticles by
utilizing both live biomass of microalgae and cell-free extract by suspending in
AgNO3 solution for 72 h of incubation period in both in presence of light and
dark conditions. In most of the cases, silver nanoparticles were formed both in
the presence of biomass as well as in the cell-free extract under continues light
emission, which indicates that formation of silver nanoparticles involves an
extracellular compounds. Synthesized silver nanoparticles were characterized by
Ultraviolet-Visible (UV-Vis) Spectroscopy, Scanning Electron Microscopy
(SEM), and Transmission Electron Microscopy (TEM). Biosynthesis of silver
nanoparticles was indicated by observing gradual colour change of the extract
pale yellow to visible brownish-yellow. UV-Vis spectrophotometry study
showed absorption maxima at 420-470 nm. The embedment and size of the
synthesized silver nanoparticles were characterized by SEM and TEM. The bioreducted silver nanoparticles size ranged between 20-22 nm depending on
organism used in TEM analysis. The presence of bio-component in
Cyanobacteria was confirmed by Fourier Transmittance Infrared Spectrum
(FTIR) analysis, which is a source of nanoparticle synthesis. The antibacterial
activity of synthesized silver nanoparticles was studied on clinically important
gram+ve and gram –ve pathogenic bacteria.

INTRODUCTION: Green technology has recently
emerged as an area of research involving more
environ safe and energy-efficient approach for the
synthesis of inorganic nanoparticles 1, 2, 3.
Production of nanoparticles using minimal or
negligible toxic substances grasps cynosure while
ensuring that it poses no damage to the
environment and risk on human health 4.
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Nanoparticles are gaining enormous scientific
interest as multifaceted materials exhibiting unique,
novel and advanced like electronic, optical,
mechanical, magnetic characteristics and chemical
properties that are significantly different from those
of bulk materials 5. Smaller sized nanoparticles
display higher surface to volume ratio; a feature
vital to catalytic reactivity, thermal conductivity,
antimicrobial activity, chemical steadiness, and
non- linear optical performance 6.
Nanoparticles with such type of characteristics
playing crucial roles in medical diagnostics, drug
delivery systems, antisense and gene therapy
applications, and tissue engineering 7. The size,
shape and intercalation properties are the special
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attributes of nanomaterials. Nanoparticles are
clusters of atoms in the size range of 1-100 nm.
Biologically synthesized nanoparticles show slow
kinetics which offers better control over crystal
growth, reduced capital involved in the production
than the chemical synthesis which is not enviro safe
8
whereas physical methods are very expensive and
time consuming 9. Biological routes for the
synthesis of nanoparticles include use of plant
extracts 10, enzymes 11, fungi 12 and algae 13, 14, 5.
Amongst biological systems utilized, microalgae
(Cyanobacteria) draw in uncommon consideration
since they can bio-remediate toxic metals, in this
manner changing over them to more kinds of
amiable forms 15. Green syntheses of metallic
nanoparticles at high rate have been extensively
explored by cyanophycean members, probably due
to their capacity of metal accumulation 4. They
provide great potential as a source of fine
chemicals, pharmaceuticals, and biofuels and are a
rich source of pigments/proteins 16. Synthesis and
stabilization of the nanoparticles may be facilitated
by cell extract of Cyanobacteria containing a vast
array of active bio-molecules 16.
Silver ions and silver-based compounds are known
bactericides and have great research interest
towards nanoparticles and antibacterial agents 17, 18.
The efficient antibacterial activity of silver
nanoparticle that comes in contact with the
microbial cells is due to the large surface area,
therefore, the larger particles have a higher
percentage of interaction than of the same parent
material 19, 20. The bactericidal component includes
the arrangement of free radicals that instigate
membrane harm as clarified by 21. The different
strains of Cyanobacteria produce intracellular and
extracellular metabolites have diverse biological
activities such as antialgal, antibacterial, antifungal
and antiviral activity 22.
The antimicrobial compound production influenced
by these metabolites depends on various important
factors such as the temperature of incubation, pH of
the culture medium, incubation period, medium
constituents and light intensity 23. Due to the high
growth rate and high biomass productivity,
Cyanobacteria are considered a better biological
template for nanoscale particle synthesis 24.
Cyanobacteria have stress tolerance during adverse
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conditions
because
they
possess
highly
heterogeneous polymers containing a number of
distinct polysaccharides and non-carbohydrate
constituents including proteins, phospholipids and
nucleic acids.
Studies have shown that polysaccharides play a
crucial role in bio absorption and binding of toxic
heavy metals (silver particles) 25. These properties
of bio nanoparticles have significant applications in
bioremediation, food & pharmaceutical industries.
Mahdieh et al., 26, Chug, Mathur 27, Roychoudhury,
Pal 28 have used Cyanobacteria for the production
of Ag, Au, pd, Pt nanoparticles. Since alginate and
its composites have been used in many biomedical
applications including drug delivery and wound
dressings. It can also be effectively used for the
immobilization of silver nanoparticles 29.
The aim of the present study is to screen the ability
of freshwater Cyanobacteria for synthesizing silver
nanoparticles (biomass and cell-free extract) in the
presence and absence of light. The present work
additionally incorporates the utilization of
Cyanobacteria as a steady transporter of silver
nanoparticles and calcium alginate as a crosslinker
between silver nanoparticles and Cyanobacteria.
Immobilized Cyanobacterial silver nanoparticles
were bio-evaluated against five clinically important
bacteria.
MATERIALS AND METHODS:
Isolation and Cultivation of Cyanobacterial
Cultures: Silver nanoparticles were synthesized
from two Cyanobacterial strains, isolated from
freshwater habitats. The cultures were maintained
through the common subculturing method in BG11
medium in laboratory conditions at 25 °C under
continuous cool white fluorescent light. The
isolates were identified based on their
morphological characters 30.
Biosynthesis of Ag-NPs by Cyanobacterial
Cultures: Detection of Ag NPs formation was
performed by a modified method of Mahdieh et al.
26
The Cyanobacterial cultures growing in BG11
media were harvested by centrifugation at 5000
rpm for 10 min (REMI R-8C laboratory
centrifugation) at 15 °C and washed thoroughly
with sterile distilled water to remove the trace
elements of media. One gram of wet biomass of
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each culture was then suspended in 20 ml of 1mM
aqueous AgNO3 (Sigma Aldrich) solution pH 7.0.
The cell-free algal extract was used for the
synthesis of silver nanoparticles by adding 1ml of
100mM AgNO3 to 19 ml of cell-free algal extract
(Patel et al., 2015).
Both sets of experiments (with and without
biomass) were incubated at 25 ± 1 °C under cool
white fluorescent light (50 μ mol photons m-2s-1 )
and in dark condition for 72 h of incubation. Fresh
BG11 medium with addition of AgNO3 was used as
control. During the incubation period change in
color from pale yellowish-green to brown indicates
nanoparticles synthesis. The darkening of the
brownish color was time-dependent and it was
quantified by recording the absorbance spectra
during the 72 h of the incubation period. One ml
aliquot samples were taken every 12 h and the
absorbance of the UV-Vis spectra at a resolution of
1nm at in the range of 300 and 800 nm were
recorded by using a spectrophotometer (Shimadzu,
Model: UV- 2450).
Electron Microscopic Analysis: Transmission
Electron Microscopy (TEM) images were obtained
from an FEI TECHNI G₂ TEM operating at an
accelerating voltage of 200 KV. Samples were
prepared by placing a drop of aqueous biomass
solution on the carbon-coated copper grid and dried
under infrared lamp prior to examination.
Crystalline of structures was confirmed by the
selected area electron diffraction (SAED) pattern31.
Scanning Electron Microscopy (SEM): SEM
analysis (Hitachi, model: S-3400N) was used to
observe microalgal cell with entrapped silver
nanoparticles. Thin films of the sample were
prepared on a carbon-coated copper grid and drying
it by putting it under a mercury lamp for 5 min 32.
FTIR Spectroscopy Analysis: For Fourier
Transform Infrared Spectroscopy (FTIR), freezedried biomass was used. A small amount of dried
biomass was ground with potassium bromide
(KBr). FTIR spectrum of the sample was recorded
on a PerkinElmer FT-IR system Spectrum GX
model. All measurements were carried out in the
range of 400-4000 cm-1 at a resolution of 4 cm-1.
Preparation of Immobilized Cyanobacterial
Cells for Antibacterial Activity: The 15-day old
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cyanobacterial cells were separated from the
medium by centrifugation (4000 rpm / 15 min)
followed by filtration with Whatman filter paper.
Finally, the Cyanobacterial pellets were lyophilized
and stored at -20 °C. Later the cultures were
dissolved in PBS (Phosphate buffer saline). 0.2 g of
Cyanobacterial cultures Chroococcus sp. MBKG
08 and Microcystis sp. MBKG 16 was dissolved in
10 ml of PBS buffer separately 25.
Preparation of Linker with Cyanobacterial
Extracts (Cyanobacteria Linker Solution): 3mM
concentration of sodium alginate was prepared by
dissolving 70 mg of sodium alginate in 20 ml of
distilled water and calcium chloride solution (0.03
M) was added dropwise on continuous stirring to
sodium alginate solution. After 10 min, PBS
dissolved Cyanobacterial samples were added
dropwise to the above mixture. These solutions
were used in 5:1:4 ratios 25.
Conjugation of Silver Nanoparticles with
Cyanobacterial - Linker Solution: Silver
nanoparticles were immobilized by Cyanobacterial
linker solution by mixing 5 ml of Cyanobacteriallinker sample to 5 ml of silver nanoparticle solution
on continuous stirring for 3 to 4 h.
Test Organisms: Five clinically important bacteria
cultures including Staphylococus aureus (MTCC3381), Escherichia coli (MTCC-1541), Klebsiella
pneumonia (MTCC- 3384), Salmonella paratyphi
(MTCC- 3220), Micrococcus luteus (MTCC- 1541)
were obtained from Microbial Type Culture
Collection Center, Chandigarh, India and used in
this study. The bacterial strains were maintained on
nutrient agar slants.
Antibacterial
Assay:
The
antibacterial
susceptibility of silver nanoparticles (AgNPs) was
assessed by well diffusion method. Bacterial broth
cultures were prepared prior to the experimental
setup and used for the antimicrobial assay.
Bacterial lawns were prepared by spreading the
bacterial suspension (40 μl) on the surface of the
agar plates by using sterile L-shaped glass rod.
Wells were punched on the agar plates using sterile
borer (6 mm). The conjugated silver nanoparticle
with Cyanobacterial linker solution (80 μl) was
dispensed in the wells using a micropipette. The
plates were then incubated at 30 °C for 24 h. After
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incubation period diameter of the zone of inhibition
were measured manually by using a millimeter
scale 32.
RESULTS AND DISCUSSION: The two
Cyanobacterial strains Chroococcus sp. MBKG08
Microcystis sp. MBKG16 silver nanoparticles
synthesis was confirmed by a color change from
pale yellow to reddish-brown. The intensity of
color increased with the time of incubation till 72 h,
further there was no color change. Synthesis of
AgNPs by Cyanobacterial cells was determined by
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studying UV absorbance peak in the range of 300800 nm (Shimazu, Model: UV- 2450), because of
the strong absorption of visible light due to
excitation of the nanoparticles associated with
Surface Plasmon Resonance, a significant property
of silver nanoparticles 33, 34, 35.
The color change of AgNO3 solution was observed
only under light conditions by both the strains.
Both the biomass and cell-free extract were able to
synthesize silver nanoparticles Fig. 1.

FIG. 1: REDUCTION OF SILVER NITRATE TO NANO SILVER BY CHROOCOCCUS SP. (MBKG08) AND
MICROCYSTIS SP (MBKG16) SUPERNATANT AND BIOMASS

A
B
FIG. 2: UV ABSORBANCE SPECTRA OF CHROOCOCCUS SP. (MBKG08) A: CELL FREE EXTRACT; B: BIOMASS

A
B
FIG. 3: UV ABSORBANCE SPECTRA OF MICROCYSTIS SP. (MBKG16) A: CELL FREE EXTRACT, B: BIOMASS

The UV absorbance of the biomass of Microcystis
(MBKG16) showed a wide peak with 0.984 at
420nm, where for cell-free extract with 1.785 at
440nm Fig. 2, whereas UV absorbance of the peak
of 1.598 at 430nm for the biomass of Chroococcus

sp. (MBKG 08) and for cell-free extract the peak
was 0.908 at 470 nm Fig. 3. Silver nanoparticle
synthesis by Cyanobacterial cells at 420 and 470
nm, corresponding to the Plasmon absorbance
suggested that Cyanobacterial extract is efficient in
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nanoparticle synthesis. According to Sastry et al.,
36
; Pal et al., 19 narrow peak at 425 nm and wide
peak at 490 nm correspond to 29 and 89 nm silver
nanoparticle respectively. Reduction of silver ions
to silver nanoparticles may be due to the capping of
microalgal protein metabolites 13. It is reported that
the absorption spectrum of silver nanoparticle
present maximum peak height between 420 and
450 nm with a blue or red shift with an increase in
particle size 37. Though photoreduction of silver
ions has been reported by 38 so far the mechanism
of action of Ag nanoparticles synthesis was not
known, but later it was hypothesized that the silver
ions required the NADH dependent nitrate
reductase enzyme for their reduction 39, 40. It is
reported that proteins, enzymes, sugars, and lipids
act as reducing agents in the cell extract in the
biological synthesis of nanoparticles. Active
functional groups such as hydroxyl groups in
tyrosine residues and carbonyl group in aspartic
acid and glutamic acid residues were reported for
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silver reduction and silver nanoparticles synthesis
41
.
Characterization of SNPs: Scanning Electron
Microscopy (SEM) analysis was carried out to
understand the topology and size of the
cyanobacterial silver nanoparticles.
Light microscopy of Chroococcus sp. (MBKG08),
Microcystis sp. (MBKG16) showed that clusters of
synthesized nanoparticles were attached to the
surface of the Cyanobacterial cells Fig. 4. This was
confirmed by scanning electron microscopy (SEM)
which showed that silver nanoparticles were
present and evenly distributed throughout the
biomass. It has been already demonstrated that the
bacterial cell walls may serve as nucleation sites at
which Ag+ ions get deposited and get transformed
into AgNP’s 20. Particles were not seen in the
control culture.

FIG. 4: SCANNING ELECTRON MICROSCOPIC ANALYSIS A) CHROOCOCCUS SP. (MBKG08) AND B)
MICROCYSTIS SP. (MBKG16) AFTER INCUBATION WITH AGNO3

Transmission Electron Microscopy: (TEM)
analysis provided information on morphology and
size of the silver nanoparticles. TEM images
showed that the shape and size of AgNPs varied
considerably among the species used Fig. 4. The
spherical shape was predominant in the case of
Chroococcus sp. MBKG 08 and ovoid in

Microcystis sp MBKG16. TEM analysis showed
that the particles have a tendency to aggregate
within
the
organic
matrix,
presumably
polysaccharide. It appears that a significant number
of nanoparticles are formed or trapped within this
matrix Fig. 5, a phenomenon already reported by
42
. According to TEM analysis, polydisperse
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AgNPs synthesized in the range of 20-23 nm with
an average size of 22.73 nm in Chroococcus sp.
MBKG08 and 20.67 nm in Microcystis sp.
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MBKG16. The crystalline structure of the particles
was confirmed by the selected area electron
diffraction pattern (SAED).

FIG. 5: TEM ANALYSIS AND SELECTED AREA OF ELECTRON DIFFRACTION PATTERN (SAED) A)
MICROCYSTIS SP. (MBKG16) AND B) CHROOCOCCUS SP. (MBKG08)

FTIR Analysis: FTIR analysis of cyanobacterial
cell biomass and AgNp’s synthesized Cyanobacterial
cell biomass showed a different number of peaks
representing different functional groups of
biological origin. The major stretching and bending
frequencies of Chrococcus sp. MBKG08 AgNp’s
Fig. 6 showed a peak at 3493 cm-1 might be
assigned to O-H stretching to alcohol and phenol
compound. The peaks at 2924 cm-1, 2854 cm-1 may
be assigned to C-N, C-H alkanes.
Similarly, stretching was also seen at 1315 cm-1.
The stretching’s at 1651 cm-1 and 1546 cm-1 may
be assigned to primary and secondary amides i.e.
amide I and amide II bands involving carbonyl and
N-H stretching of the proteins. Biomass after
bioreduction showed a shift in few peak positions
and appearance of new peaks at 3493 cm-1, 1400
cm-1, and 995 cm-1 could be responsible for the
adsorption of biomolecules on their surface.
Relative investigation of the spectra demonstrated
that the cell concentration and Ag-CNPs share
certain basic functional groups. However we
observed a significant reduction in the frequency
curve from 2926 cm-1 to 2924 cm-1, 1661 cm-1 to

1651 cm-1 and 1547 cm-1 to 1546 cm-1 in the cell
extract during the formation of Ag-CNPs, this
reduction might be due to the utilization of –OH
groups in the reduction of Ag+ to Agº.
The stretching and binding frequencies of
Microcystis sp. MBKG16 Fig. 7 showed major
peaks. The FTIR peaks of frequencies of 1658 cm-1
and 1547 cm-1 of Ag-CNPs corresponding to the
bending vibrations of the amide I and amide II
respectively. The peaks reduction from 2926 cm-1
to 2924 cm-1, 1658 cm-1 to 1654 cm-1 may be
caused by the reduction of Ag+ to Agº. And the
formation of new peaks at 1452 cm-1, 1405 cm-1 is
maybe the adsorption of biomolecules on their
surface.
Functional group analysis by FTIR of Ag-CNPs
indicated the existence of hydroxyl, carboxyl,
carbonyl groups of proteins and amino acids in the
synthesis and stabilization of nanoparticles. The
hypothesis is made on the fact that the peaks
corresponding to the above functional were
observed both in the cell biomass and Ag-CNPs.
These findings indicate that the silver ions were

International Journal of Pharmaceutical Sciences and Research

168

Kuraganti et al., IJPSR, 2020; Vol. 11(1): 163-172.

reduced in the presence of nitrate reductase, in the
cell extraction during biosynthesis leading to the
formation of Ag-CNPs and stabilization by the
capping agent in the medium 43. The amino acid
residues bound through amide linkage offer ascent
to understand peaks in the infrared region of the
electromagnetic spectrum. The stabilization of the
silver nanoparticles by proteins may occur by
protein nanoparticle interactions either through free
amino groups or cysteine residues in the protein

FIG. 6: FTIR SPECTRA OF (A) CHROCOCCUS SP.
(MBKG08) AG-CNPS (B) EXTRACT WITHOUT
SILVER NITRATE (CONTROL)

Antibacterial Assay: The antibacterial activity of
biosynthesized silver nanoparticles was performed
against both gram-negative bacteria (Escherichia.
coli, Klebsiella pneumonia, Salmonella typhi,
Salmonella paratyphi) and gram-positive bacteria
(Staphylococcus aureus, Micrococcus luteus) by
well diffusion method. The antibacterial activity is
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and via the electrostatic attraction of negatively
charged carboxylate groups in enzyme present in
the cell wall 32, 44. FTIR analysis suggests the
presence of phycobiliprotein as the major fraction
in Ag-CNPs. In consent to this examination 45,
affirmed the existence of protein shell which is in
charge of the nanoparticle biosynthesis. Apart from
providing harbor ability to nanoparticles on
bacterial membranes enabling them to attain
antibacterial property 46.

FIG. 7: FTIR SPECTRA OF (A) MICROCYSTIS SP.
(MBKG08) AG-CNPS (B) EXTRACT WITHOUT
SILVER NITRATE (CONTROL)

studied by measuring the zone of inhibition 32. The
silver nanoparticles synthesized from the isolates
showed remarkable antibacterial activity against all
tested bacterial strains at a volume of 80 μl,
whereas at the volume of 40 μl and 60 μl showed
moderate zone size Table 1.

TABLE 1: ANTIBACTERIAL ASSAY AGAINST E. COLI, S. AUREUS, S. PARATYPHI, K. PNEUMONIA, M. LUTEUS

Samples

Zone of Inhibition ( diameter in mm)
Conc.
E. coli
S. aureus
S. paratyphi
K. pneumonia
Silver nitrate
40 μl
1
1
2
1
(Positive control)
60 μl
1
1
4
1
80 μl
3
3
4
2
PBS Buffer
40 μl
0
0
0
0
(Negative control)
60 μl
0
0
0
0
80 μl
1
1
1
1
Chroococcus sp. MBKG 08
40 μl
0
0
0
0
conjugated linked silver
60 μl
1
1
3
1
nanoparticles
80 μl
0
1
7
3
Mictocystis sp. MBKG 16
40 μl
1
1
2
1
conjugated linked silver
60 μl
2
1
4
2
nanoparticles
80 μl
3
3
7
3
Where, AgNO3 as positive control and PBS buffer as negative control, MBKG: Microbiology Kuraganti Guna

Silver nanoparticles serve as positive control and
PBS buffer as the negative control. After 24 h of
incubation the conjugated silver nanoparticles of
Chroococcus sp. linker solution of 40 μl showed no
inhibition against pathogenic bacteria and 60 μl

M. luteus
1
1
2
0
0
1
0
1
3
1
1
3

showed zone diameter of 3 mm against S.
paratyphi and 1mm for four other bacteria whereas
for 80 μl of concentration showed considerable
zone of inhibition (7 mm) on S. paratyphi and 3
mm, 1 mm of zone diameter against K. pneumonia
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and M. luteus respectively. However, there was no
inhibition against E. coli. The conjugated silver
nanoparticles with Microcystis sp. MBKG16 linker
solution with 40 μl concentration inhibited the
growth of S. paratyphi with 2 mm of zone diameter
and 1 mm of zone diameter against other four
pathogenic bacteria and with 60 μl of
concentration, 4 mm of inhibition zone was
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recorded against S. paratyphi and 2 mm of
diameter against E. coli and K. pneumonia, 1 mm
of inhibition zone against S. aureus and M. luteus
whereas for 80 μl of concentration exhibited
maximum zone of inhibition (7 mm) against S.
paratyphi and 4 mm of zone against E. coli
whereas on S. aureus, K. pneumonai and M. luteus
3 mm of zone of inhibition was observed Fig. 8.

FIG. 8: PETRI PLATES EXHIBITING THE ZONE OF INHIBITION AGAINST PATHOGENIC BACTERIA

In spite of the fact that silver nanoparticles are
widely utilized as an antimicrobial specialist, their
correct antimicrobial mechanism is yet not clear. It
is well known that silver nanoparticles are toxic to
microorganisms because they have bacteriostatic
and bactericidal effects. The difference in the
composition of the cell wall of gram-positive and
gram-negative induce different antimicrobial
activity. As per prior reports, silver nanoparticles
may attach to the surface of cell film disturbing
penetrability and respiratory activity of the cell. It
is also possible that the silver nanoparticles can
also penetrate inside the bacteria 47. In our study,
we observed that silver nanoparticles have

comparatively higher anti-bacterial activity against
gram-negative organisms than gram-positive,
probably due to the thinner peptidoglycon layer and
presence of porins 43.
The antibacterial activity of test extracts
(Cyanobacteria linked silver nanoparticles) and
positive control (silver nanoparticles alone) were
tested against pathogenic bacteria. It was observed
that the zone of inhibition for the silver
nanoparticles is less when compared with conjugate
linked silver nanoparticles this could be due to the
agglomeration of the silver nanoparticles. This
indicated that the nanoparticles linked with
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cyanobacteria did have agglomerate and were
stabilized for a long period of time due to the
secretion of protein from Cyanobacteria which
acted as a capping agent to help these conjugates to
not lose their bioactivity, whereas non- conjugated
silver nanoparticles showed a decreased size of
zone of inhibition and bioactivity.
CONCLUSION: In our study, silver nanoparticles
with a mean diameter of 20 nm were synthesized
using sodium alginate linker solution. The
nanoparticles were characterized by UV/Vis
spectroscopy. UV/Vis spectra showed the
characteristic Plasmon absorption peak for the
silver nanoparticles ranging from 420 and 470 nm.
FTIR analysis confirmed the reduction of Ag+ to
Agº. The results of this study clearly reveals that
the Cyanobacterial conjugated silver nanoparticles
inhibited the growth and multiplication of the
tested bacteria, including drug-resistant strains of S.
aureus, S. typhi and S. paratyphi. The conjugated
silver nanoparticles of Cyanobacteria improve the
stability of silver nanoparticles by the secretion of
proteins (capping agent).
The bio-nano-formulation of Cyanobacteria and
silver nanoparticles conjugate were effective
against pathogenic bacteria than the silver
nanoparticles alone. Thus these conjugates may
have applications in the fields of biomedical,
pharmaceutical, health, food and agriculture.
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