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Abstract 
The present study investigates biogenic preparation of zinc oxide (ZnO), copper oxide (CuO) and selenium (Se) nanoparticles 
using the marine brown alga Sargassum swartzii. The prepared nanomaterials were characterized using X-ray diffraction 
pattern (XRD), scanning electron microscopy (SEM) equipped with energy dispersive X-ray analysis (EDAX), transmis-
sion electron microscopy (TEM) and UV–Vis diffuse reflectance spectroscopy (DRS-UV) analysis. The particle size of 
biogenic ZnO, CuO and Se nanoparticles was ca. 32, 32 and 21 nm, respectively. The isolation of bacterial pathogenic strain 
Vibrio parahaemolyticus (V. parahaemolyticus) from the diseased shrimp and virulent genes (toxR and tlh) confirmed by 
PCR technique. Further, the molecular characterized using 16S ribosomal RNA gene sequences and identified new strain V. 
parahaemolyticus strain (GRCORNICRA001). Anti-bacterial activity of biogenic nanomaterials (ZnO, CuO and Se) was 
investigated against isolated V. parahaemolyticus using well diffusion method and growth inhibitory assay. The minimum 
inhibitory concentration (MIC) was 25, 25 and 10 µg mL−1 of ZnO, CuO and Se nanoparticles, respectively. The results 
show that there is a strong bacterial inhibition in a dose-dependent manner. Further, SEM analysis revealed that the interac-
tion of nanomaterials with V. parahaemolyticus, resulted in a surface tension change that leads to membrane depolarization, 
formation of abnormal textures such as membrane rupture, membrane blebs, membrane clumping, and also caused cell 
death. Results of this effort highlighted the way for the future that these nanomaterials incorporated with shrimp feed for 
the management of aquatic diseases.
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Introduction

Aquaculture is one of the largest food producing sectors 
across the globe. Disease is considered to be one of the 
major limiting factors in aquaculture production worldwide. 
It is witnessed that the aquaculture industry particularly, 
shrimp culture has been continuously suffered by various 
diseases that are caused by bacteria and viruses leading to 
high mortality rate, and huge economic loss [1]. Among 
pathogens, bacteriae belonging to family Vibrionaceae 
are the most significant and cause for high mortality rate 
in shrimp industry worldwide. Currently, newly emerged 
bacterial disease called early mortality syndrome (EMS) in 
penaeid shrimps is named as acute hepatopancreatic necrosis 
disease (AHPND) infected by Vibrio parahaemolyticus (V. 
parahaemolyticus) has been reported [2] and caused highest 
mortality (100%) within the 30 days of culture and led to a 
major economic losses more than 1 billion US$ by value in 
Asia–Pacific region alone [3]. Impacts on aquaculture trades, 
many countries have banned the import of live shrimps 
and their products from countries affected by AHPND [4]. 
Many approaches have been addressed to control vibriosis 
diseases in shrimp industry, such as water monitoring and 
replacements, management practices, use of antibiotics; 
though, in aquaculture industry, there is a hazard by use of 
antibiotics might lead to resistance in bacteria that threaten 
not only shrimp but also humans [5, 6]. Hence, alternative 
materials such as plant extracts, phages, probiotics, immu-
nostimulants, recombinant immune-related proteins, silver 
nanoparticles have been used for the treatment of AHPND 
infection [7, 8].

In recent years, metal oxides which exhibit superior 
remarkable properties such as electronic [9], electrochemi-
cal [10], catalytic [11], energy and environment [12], bio-
medicinal properties [13] become much important for vari-
ous potential applications [14]. Among which, ZnO (II-VI) 
semiconductor with distinctive properties such as wide 
band-gap, and large exciton binding energy has stimulated 
much attention and numerous applications such as gas 
sensors, biosensors, photo-catalyst, solar cells, and anti-
bacterial agent [15]. Similarly, copper oxide also provoked 
much interest due its unique semiconductor, optical and 
anti-bacterial properties and hence finds potential applica-
tions such as biocidal activity, catalysis, and anti-bacterial 
activity [14, 16]. Nanomaterials with small size and large 
surface area will improve its bioactivities. Among which, 
selenium is a well-known structural component of the 
active center of various antioxidant enzymes and func-
tional proteins. It can contribute in different redox reac-
tions due to its multiple oxidation states. Further, it is an 
essential trace element for human due to its pro-oxidative, 
and anti-oxidative effects [17, 18].

Although various chemical and physical protocols are 
used for the preparation of metal nanoparticles, various 
green and affordable preparation techniques have been 
expanded using plants, microbes (bacteria, fungi, yeast 
etc.,) [19–21] and their therapeutic applications such as anti-
microbial activity [22, 23], anti-cancer [24, 25], anti-diabetic 
[26, 27], cardiovascular [28], agricultural applications [29, 
30] etc., Among the natural resources, seaweeds (macro-
algae) have potent resources use of natural, cost effective, 
high stability, and bio-compatible materials as stabilizing 
agents (polysaccharides) in the preparation of metal nano-
particles. Further, these bio-agents are accomplished of pro-
viding enough stability in various therapeutic applications 
even in the presence of electrolytes and under conditions of 
different pH [31–33].

Nanoscience and technology has a remarkable potential to 
transform agriculture and allied sector which includes, aqua-
culture and fisheries [34, 35]. It can provide new tools and 
techniques for rapid disease diagnosis [36] and to improve 
the ability of cultivable species to uptake nutrients [37], 
hormones delivery [38], and vaccines delivery [39]. The 
trace elements such as, chromium, cobalt, copper, iodine, 
iron, manganese, molybdenum, selenium, and zinc precur-
sor salts that have been used in the aquafeed involved vari-
ety of function that includes cellular metabolism, immune 
enhancer, various stress releaser, disease resistance, and 
other physiological functions [40]. The objectives of the 
present study are four fold: firstly, biogenic preparation 
and physico-chemical characterization of ZnO, CuO and 
Se nanoparticles using marine alga Sargassum swartzii (S. 
swartzii); secondly, to isolate and molecular characteriza-
tion of V. parahaemolyticus using 16S rRNA gene sequence 
and PCR analysis; further, to study anti-bacterial activity 
against newly isolated bacterial pathogen V. parahaemolyti-
cus using biogenic prepared ZnO, CuO and Se nanoparti-
cles; and finally, interaction of nanomaterials (ZnO, CuO 
and Se) with V. parahaemolyticus has been carried out using 
SEM-EDAX studies.

Materials and methods

Seaweed collection and preparation of extract

Brown macro alga S. swartzii was collected from Manda-
pam, Rameswaram (9.28° N 79.12° E), India (Fig. S1). 
The collected macro alga was washed with distilled water 
to remove the debris and other contaminants. The seaweed 
sample was then dried in shade and powdered using an elec-
tronic blender. About 10 g of powdered seaweed sample was 
dissolved in 1 L of distilled water and incubated in a shaker 
(1000 rpm) overnight under room temperature. Finally, the 
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extracts were filtered using Whatman filter paper no.1 and 
the filtrate was used for the preparation of nanomaterials.

Preparation of ZnO nanoparticles

Seaweed-stabilized ZnO nanoparticles were synthesized 
using co-precipitation method [30]. Briefly, macro algal 
extract (80 mL) was added with 400 mL of 0.1 M concen-
tration of Zinc acetate [Zn(CH3COO)2·2H2O, Merck with 
99.0% purity] and mixed well using a magnetic stirrer at 
70 °C for 20 min. About 400 mL of 0.2 M NaOH aqueous 
solution (400 mL) was added drop wise into the reaction 
solution under continuous stirring condition for 3 h. After 
3 h, white precipitates were obtained thus confirming the 
formation of Zn(OH)2. The precipitates were collected, dried 
and allowed for calcination at 400 °C for 4 h to obtain the 
purest form of ZnO nanoparticles.

Preparation of CuO nanoparticles

CuO nanoparticles were prepared at room temperature 
through co-precipitation technique [41] with some modifi-
cations. Briefly, in this experiment, 0.1 M aqueous solution 
of copper acetate [Cu(CH3COO)2·H2O, Merck with 98.0% 
purity] along with 40 mL of algal extract was kept under 
constant stirring for 30 min. Then, 0.2 M of NaOH aqueous 
solution was added drop-wise into the reaction mixture and 
allowed to proceed for 4 h after complete addition of NaOH. 
Further, the reaction solutions were incubated overnight at 
room temperature for settlement of nanoparticles as precipi-
tates. The precipitates were separated using centrifugation 
at 5000×g for 10 min, washed several times with deionized 
water and dried at 80 °C for 12 h. The dried powder was 
calcinated at 400 °C for 4 h to obtain the CuO nanoparticles.

Preparation of Se nanoparticles

For the preparation of Se nanoparticles, selenous acid 
 (H2SeO3, Sigma-Aldrich with 98% purity) (3 mM) was 
mixed with 100 mL of algal extract under magnetic stir-
ring condition. Then, 150 mL of freshly prepared ascorbic 
acid (1.056 g) solution was slowly added into the reaction 
mixture until brick red precipitates were formed. Further, 
the solution was centrifuged at 5000×g for 20 min and the 
pellet was washed with deionized water and dried to obtain 
Se nanoparticles.

Characterization

UV–Vis diffuse reflectance spectroscopy (DRS-UV) absorp-
tion spectra were obtained using a JASCO V670, Japan 
UV–Vis spectrometer in the range of 200 − 1000 nm. XRD 
analysis were performed using an RIGAKU miniflex 600 

instrument equipped with Cu-Kα radiation source in the 
2θ range of 10–80º. Scanning electron microscopy (SEM, 
Hitachi S-4800) and the elemental composition was carried 
out using energy dispersive X-ray analysis (EDAX, Oxford 
Instruments). Transmission electron microscopy (TEM) 
was performed with an FEI Technai instrument working at 
120 kV. The sample for TEM was prepared by dropping the 
dispersion on a carbon-coated copper grid and drying under 
ambient conditions.

Sample collection

White-leg shrimp P. vannamei that was empty gut, anorexia, 
lethargy and pale hepatopancreas with discoloration [42] 
collected from a shrimp farm in Ponneri, Chennai, India 
(13.3339° N, 80.1943° E) show clinical signs of AHPND 
such as severity of infection. The diseased shrimp samples 
were collected on ice and transferred immediately to the lab-
oratory within 3 h of collection for microbiological analysis.

Bacterial isolation and identification

Hepatopancreas of collected shrimp was excised aseptically 
and inoculated into tryptic soy agar plates supplemented 
with 1.5% NaCl for 12 h. Further, enriched media were used 
for spread plating on thiosulfate-citrate-bile salts-sucrose 
(TCBS) agar plates and incubated at 30 °C for 16 h [43]. 
The individual colonies obtained from the mixed bacterial 
isolates were re-streaked to obtain pure isolates and then 
identified based on their physiological, morphological and 
biochemical characters before storage as glycerol stocks at 
− 80 °C [44].

Molecular identification of V. parahaemolyticus

The isolates were cultured in tryptic soy broth (TSB) media 
overnight and the genomic DNA was extracted by phenol 
chloroform extraction technique. The genomic DNA was 
quantified using a Bio-spectrometer (Eppendorf kinetic, 
Germany) and stored at − 80 °C for further analysis. 16S 
ribosomal RNA partial sequence was performed and the 
sequence homology of extracted 16S rRNA gene sequence 
was analyzed by NCBI BLAST. The similarity matrix of 16S 
rRNA gene sequence of strain was obtained using Phylog-
eny Interface Package (PHYLIP 3.9) [45] and the sequences 
were aligned using the CLUSTAL X program [46]. The phy-
logenetic tree was constructed based on Neighbour-Joining 
(NJ) method using the Kimura 2-Parameter Model by the 
MEGA 7 software package [47] and tested by bootstrap 
analysis based on 1000 resamplings (NJ). The evolution-
ary distances were computed using the Maximum Com-
posite Likelihood method [48]. Newly identified bacterial 
sequence was submitted to the NCBI to obtain accession 
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number. Moreover, the isolates were further analyzed for 
the presence of the molecular markers genes (toxR and tlh) 
of V. parahaemolyticus. PCR was performed for virulence 
genes with respective primers such as toxR and tlh as per 
the protocol followed by Ananda Raja et al. [43] (Table S1).

Anti‑bacterial activity using in vitro test

Well diffusion assay was performed on Mueller Hinton 
agar plates with 2% sodium chloride spread with 100 μL 
V. parahaemolyticus bacterial suspension (1 × 106 cells/
mL). Under aseptic conditions, well (5 mm) was made and 
filled 10 µL with different concentration (10, 25, 50, 75 
and 100 µg mL−1) of ultra-sonicated biogenic nanomateri-
als (ZnO, CuO and Se) and control was maintained in the 
absence of nanoparticles. The plates were incubated for 24 h 
at 28 °C, the inhibition zone was measured with zone of 
reader. The assay was performed with four replication.

Moreover, the effect of nanoparticles (ZnO, CuO and Se) 
on the growth rate of V. parahaemolyticus grown in Mueller 
Hinton broth at the concentration of 1 × 106 cells/mL was 
studied. The bacterial suspension was treated with different 
concentration (50, 100, 150 and 200 µg mL−1) of ZnO, CuO 
and Se nanoparticles and incubated at 28 ºC ± 1 ºC. Growth 
rates were determined by measuring the optical density (OD) 
of V. parahaemolyticus suspension treated with ZnO, CuO 
and Se nanoparticles at 600 nm using UV–Vis spectropho-
tometer and each measurement was made at an interval of 
3 h, respectively [23].

SEM and EDAX studies of V. 
parahaemolyticus‑treated nanomaterials

The interaction and morphological changes in V. para-
haemolyticus cells on treatment with and without ZnO, 
CuO and Se nanoparticles were carried out by SEM with 
EDAX studies according to the protocol of Arakha et al. 
[49] with some modifications. Briefly, 1 mL of bacterial 
culture  (106 CFU mL−1) were treated with 1 mg mL−1 of 
ZnO, CuO and Se nanoparticles for 5 h at 37 ºC and cen-
trifuged at 5000 × g for 5 min at 4 ºC. The pellets were col-
lected, washed, and re-suspended in 1 X PBS buffer. One 
drop of the re-suspended untreated and treated cultures were 
put on glass cover slip and bacterial cells (untreated and 
treated) were fixed using 2.5% glutaraldehyde in 1 X PBS 
solution. Further, the slides were suspended with 1% tannic 
acid for 5 min and washed with double distilled water, fol-
lowed by dehydration process using increasing concentra-
tion of ethanol serious (30%, 50%, 70%, 90% and 100%) 
for each 10 min. The dehydrated cells were dried overnight 
and sputter coated with gold, the coated samples (untreated 
and treated) were observed under SEM (Hitachi S-4800). 
The elemental composition and elemental mappings were 

carried out using energy dispersive X-ray analysis (Oxford 
Instruments).

Statistical analysis

In the present, statistical studies were carried out with graph-
pad prism 7.0 software package. The experimental results 
are expressed as mean ± SD. A significant difference among 
the means of samples were obtained by Tukey’s test and 
analysis of variance was performed by one-way ANOVA.

Results and discussion

DRS‑UV analysis

Figure S2a, b, c depicts the room temperature DRS-UV 
spectrum of seaweed-stabilized ZnO, CuO and Se nanopar-
ticles. The seaweed-stabilized ZnO nanoparticles exhibit 
strong absorption edge at around 395 nm that could be 
related to the wurtzite crystal structure of ZnO [50]. The 
observed absorption onset peak value (395 nm) is greater 
than the bulk ZnO (368 nm) [51]. This red shift in wave-
length is mainly related to the structural morphologies, par-
ticles size and microstructures of the prepared samples [52, 
53]. DRS-UV spectrum of seaweed-stabilized CuO nano-
particles (Fig. 2b), a typical excitation absorption peak were 
observed at around 260 nm which is in good agreement with 
the expected value of CuO nanoparticles [12]. This surface 
plasmon resonance (SPR) peaks confirms the presence of 
CuO nanoparticles [10]. From Fig. 2c, the absorption bands 
at around 233 and 258 nm which are located between 200 
and 300 nm were mainly due to formation of Se nanopar-
ticles. These results are in conformation with the previous 
reports [54, 55].

XRD analysis

Figure 1a, b, c shows the XRD pattern of seaweed-stabilized 
ZnO, CuO and Se nanoparticles. From Fig. 1a, all diffrac-
tion peaks are assigned to crystalline nature of ZnO with 
the hexagonal wurtzite structure. The data confirms with 
the standard JCPDS card No. 036–1451 [9]. The peaks 
were detected at 2θ values are 31.76°, 34.52°, 36.33°, 
47.69°, 56.64°, 62.86°, 66.34°, 67.99°, 69.28°, 72.74° and 
76.95° corresponds to the lattice (hkl) planes (100), (002), 
(101), (102), (110), (103), (200), (112), (201), (004) and 
(202) respectively. The typical XRD pattern of seaweed-
stabilized CuO nanoparticles (Fig. 1b) confirms that the 
sample is highly crystalline in nature with monoclinic struc-
ture of CuO with JCPDS File No: 080–1916 [56]. There is 
no existence of other impurity peaks which confirms the 
phase pure formation of CuO nanoparticles. The diffraction 
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peaks at 2θ = 32.53°, 35.55°, 38.69°, 48.72°, 53.35°, 58.33°, 
61.49°, 66.15°, 68.07°, 72.28° and 75.07° were assigned to 
(100), (‾111), (111), (‾202), (020), (202), (‾113), (022), 
(220), (‾312) and (203) planes, respectively. XRD pattern 
of seaweed-stabilized Se nanoparticles (Fig. 1c) confirms 
that all the diffraction peaks are consistent with the trigo-
nal structure of Se nanoparticles. These results are in good 
agreement with the JCPDS File No: 006-0362) [57]. From 
the pattern, the diffraction peaks observed at 2θ values are 
23.49°, 29.75°, 41.27°, 43.63°, 45.26°, 47.83°, 51.67°, 
55.70°, 61.43°, 65.12°, 71.68° and 76.97° corresponds to 
the following lattice (hkl) planes (100), (101), (110), (102), 
(111), (200), (201), (112), (202), (210), (113) and (301), 
respectively. From the XRD studies, the average particle size 
of seaweed-stabilized ZnO, CuO and Se nanoparticles were 
around 32.22, 32.15 and 21.12 nm, respectively which was 
calculated from the full width at half-maximum of the most 
intense peak of the XRD pattern using the Debye–Scherrer’s 
formula [58].

HR‑SEM, EDAX and TEM analyses

Figure 2a, b depicts the SEM micrograph of ZnO nanopar-
ticles which shows spherical morphology with smooth sur-
face due to the stabilization of seaweed. Figure 2c shows 
the EDAX pattern of seaweed-stabilized ZnO nanoparticles, 
which confirms the presence of Zn and O. SEM images and 
EDAX pattern of seaweed-stabilized CuO nanoparticles is 
shown in Fig. 3a, b and Fig. 3c. It shows that the prepared 
nanoparticles exhibit well-defined smooth spherical surfaces 
which are rich in Cu and O. The surface morphology and 
elemental composition of the prepared Se nanoparticles 
were studied using SEM micrograph with EDAX pattern and 
are shown in Fig. 4a, b, c. Elemental composition of ZnO, 
CuO and Se nanoparticle weight ratio (wt%) was shown in 
Table S2a, b, c. TEM images of seaweed-stabilized ZnO, 
CuO and Se nanoparticles are shown in Fig. 5a, b, c. These 
result shows that the entire prepared samples exhibit well-
defined spherical morphology with average particle size of 

Fig. 1  XRD pattern of a ZnO nanoparticles; b CuO nanoparticles; c Se nanoparticles
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32 nm (ZnO), 32 nm (CuO) and 21 nm (Se) which is in good 
agreement with the well-defined XRD pattern. Figure 5d, e, 
f shows the histogram representing the size distribution of 
the ZnO, CuO and Se nanoparticles were obtained by digital 
analysis of images containing at least 100 nanoparticles.

Physiological, morphological and molecular 
identification

Based on the morphological characterization, the isolates 
were confirmed as Vibrio spp. The presence of green-colored 
circular colonies in rod shape confirmed it as Vibrio spp. 
Further, the results of 16S ribosomal RNA partial sequenc-
ing revealed that isolated strains of Vibrio sp, with closely 
related to V. parahaemolyticus. The forward/reverse showed 
that they were 98% homologous with V. parahaemolyticus 
RIMD 2210633 chromosome based on phylogenetic tree 
constructed and the NCBI accession number obtained as 
GRCORNICRA001 (Fig. 6). Further, molecular identifi-
cation of V. parahaemolyticus based on specific virulent 
genes such as toxR and tlh was examined. The study shows 
that isolates were found to be positive for Vp-specific viru-
lent strains toxR and tlh (Fig. 7). The toxR, transcriptional 

activator is constantly found in AHPND causing V. para-
haemolyticus isolates along with enterotoxin, and trans-
membrane regulatory protein toxS. Moreover, the strains 
are positive towards toxR and tlh gene in the present study, 
but they were negative to AP1, AP2, AP3 (pirAvp), and AP4 
(pirAvp and pirBvp) genes which are responsible for causing 
AHPND in shrimp [59]. The results were in good agreement 
with the previous study carried out in the same sample col-
lection region [43].

Anti‑bacterial studies

Anti-bacterial test was performed by well diffusion assay 
which showed differences in the growth inhibition zone 
diameter (mm) between the three nanomaterials (ZnO, 
CuO and Se) against V. parahaemolyticus and their inter-
action were analyzed with a one-way ANOVA (p = 0.001) 
(Table 1). The results indicated that all these nanoparticles 
caused growth inhibition of V. parahaemolyticus. The mini-
mum inhibitory concentration (MIC) of ZnO, CuO and Se 
nanoparticles was found to be 25, 25 and 10 µg mL−1 respec-
tively. The dynamics of bacterial growth (V. parahaemolyti-
cus) were also studied using 1 × 106 CFU/mL treated with 

Fig. 2  a, b SEM images; c EDAX spectrum of ZnO nanoparticles
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different concentration (50, 100, 150 and 200 µg mL−1) of 
ZnO, CuO and Se nanoparticles, respectively. The results 
showed increase in growth inhibition were observed dur-
ing increased exposure time and dose (Fig.S3a-c). Various 
metal and metal oxide nanoparticles and their anti-bacterial 
activity have been documented well against diseases in 
aquatic organisms [45, 46, 60–64] among which few of the 
studies were reported with anti-bacterial activity of silver 
nanoparticles against AHPND causing V. parahaemolyticus 
[65–69]. A study reported AgNP impregnated with bacterial 
cellulose (BC) exhibited high vibriocidal activity against V. 
parahaemolyticus with zone of inhibition (21 ± 3.1 mm) at 
the concentration of 10 µg/mL. The possible mechanism of 
inhibition might be associated with binding of AgNP to bac-
terial cell membrane and interactions with the thiol groups 
of bacterial protein [67].

Interaction studies of nanomaterials (ZnO, CuO 
and Se) and V. parahaemolyticus cells by SEM 
and EDAX

The interaction studies and morphological changes in 
the untreated and ZnO/CuO/Se nanoparticles-treated V. 

parahaemolyticus cells were observed by SEM. Figure 8 
shows normal V. parahaemolyticus cells were found to be 
typically rod-shaped and almost same size with no visible 
damage on the cell surface. However, the morphology of 
ZnO, CuO and Se nanoparticles-treated V. parahaemolyt-
icus cells changed significantly. The images (Figs. 9a, b, 
10a, b and 11a, b) clearly show more clumping, topological 
changes in bacterial membrane and membrane rupture in 
the ZnO, CuO and Se nanoparticles-treated cells than the 
untreated cells. Further, major damages were observed by 
the formation of ‘pits’ in their cell envelope and clusters of 
nanoparticles (ZnO, CuO and Se) were found and anchored 
to the V. parahaemolyticus cells surface. As results of 
Figs. 9a, b, 10a, b and 11a, b show the bacterial membranes 
were abnormal textures such as membrane rupture and mem-
brane blebs. The elemental compositions, mappings and dis-
tribution (Zn, O and C), (Cu, O and C) and (Se, O and C) of 
ZnO, CuO and Se nanoparticles were observed in the treated 
V. parahaemolyticus cells Figs. 9c, d, 10c, d and 11c, d. The 
quantitative data of elemental composition were shown in 
inset Figs. 9d, 10d and 11d. Various studies have been con-
ducted to reveal the anti-microbial activities of nanoparticles 
against gram-negative and gram-positive bacteriae, however 

Fig. 3  a, b SEM images; c EDAX spectrum of CuO nanoparticle
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Fig. 4  a, b SEM images; c EDAX spectrum of Se nanoparticles

Fig. 5  TEM images of a ZnO nanoparticles; b CuO nanoparticles; c Se nanoparticles; d, e, f nanoparticles size distribution
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there is a lack of mechanistic insights underlying the concept 
to be explored. To date, limited research work is available 
on the antimicrobial activity of metal nanomaterials on V. 
parahaemolyticus. Comprehensive image shows (Fig. 12) 
the structural changes and anti-bacterial mechanism of bac-
terial pathogen (V. parahaemolyticus) treated with different 
nanomaterials (ZnO, CuO and Se).

Generally, the anti-microbial mechanism of ZnO nan-
oparticles on other bacterial strains includes release of 
 Zn2+ ions, cell wall damage and generation of ROS, lipid 
peroxidation, protein and DNA damage. Increase in ROS 
generation leads to membrane leakage of proteins, nucleic 
acids and release of  Zn2+ ions disrupts the cell membrane 
and intracellular components [70, 71]. The recent study 
on the antimicrobial effect of ZnO nanoparticles on gram 
negative bacteria shows that efficiency of antimicrobial 
activity is mainly depends on the interfacial potential, 
which is the interaction of nanoparticles surface with the 
bacterial membrane. Further, it shows that ZnO nano-
particles with positive surface potential upon interaction 
with bacteria having negative surface potential have sig-
nificant anti-microbial activity [69]. Based on this study, it 

Fig. 6  Phylogenetic tree of the strain V. parahaemolyticus GRCORNICRA001 based on 16S rRNA gene sequence

Fig. 7  Agarose gel showing the PCR product specific to 1. VP–tlh 
(thermolabile haemolysin) gene; 2. VP–toxR gene; M–100 bp marker

Table 1  In vitro antimicrobial 
activity of biogenic 
nanomaterials (ZnO, CuO and 
Se) against AHPND causing 
Vibrio parahaemolyticus by 
well diffusion assay (n = 3)

Nanomaterials Zone of inhibition (mm)

10 (µg  mL−1) 25 (µg  mL−1) 50 (µg  mL−1) 75 (µg  mL−1) 100 (µg  mL−1)

Zinc oxide (ZnO) 3 ± 1.25 5 ± 1.35 7 ± 2.2 11 ± 1.0 15 ± 2.0
Copper oxide (CuO) 4 ± 0.35 7 ± 2.0 9 ± 1.35 11 ± 1.25 13 ± 1.20
Selenium (Se) 5 ± 0.50 7 ± 1.36 10 ± 2.2 11 ± 1.0 13 ± 1.65
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is concluded that interfacial potential causing attachment 
of nanoparticle to bacterial cells followed by neutraliza-
tion of bacterial surface potential leads to production of 
ROS inside the cells resulting in the cell death. In addi-
tion, our experiment with CuO nanoparticles-exposed 
V. parahaemolyticus showed the formation of blebs on 
the surface which is the signature of vibrio species. The 
results of the study are in good agreement with previous 
study on CuO nanoparticles-treated V. anguillarum. The 
blebs formed are the result of starvation during growth 
arrest and also exposure to the toxicant in the absence of 
nutrients [72]. The mechanism of antimicrobial activity of 
CuO nanoparticles is based on the electrostatic attraction 
between  Cu2+ and plasma membrane which causes mem-
brane damage leading to killing of cells [73]. This study 

Fig. 8  SEM visualization of V. parahaemolyticus normal cells

Fig. 9  SEM visualization of a ZnO nanoparticles-treated V. para-
haemolyticus; b showing membrane clumping, membrane blebbings 
and membrane damage in ZnO nanoparticles-treated cells; c elemen-

tal mapping of ZnO nanoparticles-treated V. parahaemolyticus; d 
EDAX spectrum of ZnO nanoparticles-treated V. parahaemolyticus 
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on Se nanoparticles showed that the damage of cell surface 
and its changes in morphology. This is in good agreement 
with the previous study on anti-bacterial activity of Se 
nanoparticles as a nanohybrid system [74]. The presence 
of negatively charged lipopolysaccharide on the surface of 
bacteria expected to be the reason for high repulsiveness 
between bacteria and Se nanoparticles. Hence, bacteria 
with lower surface charge enhance the interaction with 
the nanoparticles and results in the deposition of nano-
particles on the surface leading to the adverse effects on 
bacterial cells. Overall, it is concluded that surface char-
acteristics and cell wall composition of bacterium and sur-
face net charge of nanoparticles is a critical factor for an 
enhanced anti-microbial activity. However, future studies 
on the anti-bacterial influence of these nanoparticles on 
other shrimp pathogens, in vivo studies on shrimp and 

their plausible mechanism are necessary to evaluate its 
potential use as a bactericidal material in aquaculture.

Conclusions

ZnO, CuO and Se nanoparticles were successfully synthe-
sized using S. swartzii and their physico-chemical charac-
teristics were carried out using various spectroscopic and 
microscopic techniques. The ZnO, CuO and Se nanoparti-
cles have absorption at 395 nm, 260 nm and 233–258 nm 
in DRS-UV spectrum. X-ray diffraction spectrum con-
firms 2θ values corresponding to the presence of ZnO, 
CuO and Se with JCPDS. SEM micrographs of ZnO, CuO 
and Se nanoparticles which shows spherical morphology. 
TEM images shows well-defined spherical morphology 

Fig. 10  SEM visualization of a CuO nanoparticles-treated V. para-
haemolyticus; b showing membrane blebbings and membrane dam-
age in CuO nanoparticles-treated cells; c elemental mapping of CuO 

nanoparticles-treated V. parahaemolyticus; d EDAX spectrum of 
CuO nanoparticles-treated V. parahaemolyticus 
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with average particle size of 32 nm (ZnO), 32 nm (CuO) 
and 21 nm (Se). The new bacterial strains were isolated 
from infected shrimp sample and identified as V. para-
haemolyticus based on 16S ribosomal RNA sequencing 
and presence of specific virulent genes (toxR and tlh). 
The biogenic nanomaterials (ZnO, CuO and Se) exhibited 
potent anti-bacterial efficiency against V. parahaemolyti-
cus. The interaction of nanomaterials (ZnO, CuO and Se) 

with V. parahaemolyticus was analyzed using SEM which 
revealed that the attachment of nanoparticles on the sur-
face of cell membrane causes non viability of cells. The 
present study confirms the enhanced anti-bacterial effi-
ciency of seaweed-stabilized nanoparticles (ZnO, CuO and 
Se). Hence, the prepared nanoparticles can be formulated 
as a bactericidal material against the aquaculture patho-
gens in efficient disease control.

Fig. 11  SEM visualization of a Se nanoparticles-treated V. para-
haemolyticus; b showing membrane blebbings and membrane dam-
age in Se nanoparticles-treated cells; c elemental mapping of Se 

nanoparticles-treated V. parahaemolyticus; d EDAX spectrum of Se 
nanoparticles-treated V. parahaemolyticus 
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