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Introduction

Streptococcal infection is a major bacterial problem that 
affects a wide variety of fish species, causing heavy eco-

nomic losses in the aquatic industry in multiple countries 
all over the world (Baeck et al., 2006; Cai et al., 2016). 
Streptococcosis is caused by various streptococcal spe-
cies (Lazado et al., 2017), chief among them, Streptococcus 
parauberis (S. parauberis). It  is a non-motile, α- hemolytic, 
gram-positive cocci belongs to family Streptococcacea (Nho 
et al., 2011). Streptococcus parauberis has been incriminated 
to cause severe diseases in turbot (Scophthalmus maximus), 
striped bass (Morone saxatilis), sea bass (Sebastes ventricosus), 

and olive flounder (Paralichthys olivaceus) (Domeenech 
et al., 1996; Mata et al., 2004; Baeck et al., 2006; Park 
et al., 2009; Oguro et al., 2014). Furthermore, serious 
public health problems and zoonotic potential from some 
streptococcal species including S. parauberis have been 
reported (Ghittino et al., 2003;  Zaman et al., 2016).

Streptococcosis control measures depend primarily on two 
pillars; vaccinations and antimicrobial compounds (Dar-
wish and Hobbs 2005; Håstein et al., 2005; Cheng et al., 
2010). However, molecular-based approaches for vaccina-
tions have been described for S. parauberis, the majority 
of commercial vaccines have been confronted with limit-
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ed success in the application phase (Woo and Park, 2014). 
Vaccination failure is also common in the aquatic industry 
due to the diversity of fish species, fish size, vaccine for-
mulation, and the route of administration (Toranzo et al., 
2005). Moreover, serotypic variations in some streptococ-
cal species are also incriminated in vaccination failure (Ag-
new and Barnes, 2007). On the other hand, the extensive 
and unsystematic use of antibiotics in fisheries lead to the 
development of drug-resistant strains (Park et al., 2009). 

Recently, nanotechnology is considered an emerging dis-
cipline of sciences that deals with the synthesis and ap-
plication of materials less than 100 nm in size. It is widely 
used in several indispensable fields of life; agriculture, food 
industry, medical, and diagnostic applications (Siddiqi et 
al., 2018). The mechanism of action of nanoparticles has 
been elucidated to their high surface area to volume ratio 
and their unique chemical and physical features (Rai et al., 
2009; Siddiqi et al., 2018). Moreover, these compounds are 
more stable at different temperatures and pressures (Sawai 
2003). Among these nanoparticles, zinc oxide (ZnO) na-
noparticles that considered a nontoxic vital mineral ele-
ment (Roselli et al., 2003). ZnO particles have also been 
exhibited in notable antimicrobial activities against a di-
verse range of bacteria and spores (Sirelkhatim et al., 2015;  
Raghunath and Perumal, 2017). The current study aims to 
assess the potential antimicrobial activity of commercially 
available chemically synthesized ZnO NPs against an iso-
lated pathogenic strain of S. parauberis that exhibited great 
losses in an Egyptian fish farm. The outcome of this study 
may help to find an alternative approach to control some 
bacterial infections in fish farms and open a new avenue to 
curb antibiotic resistance to bacterial infections.

Materials and Methods

Microbial isolate, media, and growth 
conditions
Streptococcus parauberis isolated from Oreochromis niloti-
cus in a farm located in Ismailia governorate, Egypt was 
used in the present study. Under aseptic conditions, Swabs 
from the kidneys and the brain of the infected fish show-
ing darkness of the skin, hemorrhage and skin ulcers were 
collected and streaked on blood agar. The isolated bacte-
ria appeared as pinpointed colonies on the cultured agar. 
The bacterial isolate was then confirmed using biochemi-
cal and molecular characterization through 16s rRNA se-
quencing.  The sequence was deposited in GenBank with 
the accession number MW534372 and it was identified as 
Streptococcus parauberis. Glycerol stocks of the strain were 
prepared and preserved at −80°C. The bacterial cultures 
maintained on trypticase soy agar (TSA) (Oxide, UK) or 
Müller Hinton agar (MHA) (Sigma-Aldrich, USA). Sin-
gle colony inoculates were suspended in normal saline with 

shaking at 37°C. Mid-log bacterial suspension (1.5 × 108 
CFU/ml) that equivalent to 0.5 McFarland standard were 
used in all experiments as described by Nazoori and Kari-
minik, (2018)

Nanoparticles 
Chemically synthesized ZnO NPs of average size 30 ± 5 
nm were purchased from Nanotech center, 6th October, 
Giza, Egypt. Nanoparticle suspension was prepared by dis-
solving nanoparticles powder (1mg/ml) in deionized water 
as described by Emami-Karvani and Chehrazi (2011).

Evaluation of Antibacterial Activity of ZnO 
NPs
Qualitative assessment of the synthesized ZnO NPs anti-
microbial activity was performed using the well diffusion 
test as previously described by El-borady et al. (2018). An 
antibiotic sensitivity test was conducted at first to deter-
mine the antibiotic of choice that will be used for well 
diffusion test. Ampicillin, amoxicillin, and erythromy-
cin (Sigma-Aldrich, UK) were used for sensitivity test. 
S. parauberis bacterial suspension was cultured on MHA 
plates. Several wells were generated in agar plates using 
sterile metal circles. ZnO NPs, ampicillin (Sigma-Aldrich, 
UK) (served as the strongest positive control), and normal 
saline (served as a negative control) were added separately 
to the formed wells. All cultures were incubated at 37ºC 
for 24 hours. The diameter of inhibition zones was meas-
ured and recorded. All values were expressed as the average 
of three independent experiments.

Determination of MIC and MBC 
Minimum inhibitory concentration (MIC) and Mini-
mum bactericidal concentration (MBC) were carried out 
to quantitatively determine the antibacterial activity of 
the synthesized product. To determine the lowest con-
centration that can inhibit the visible growth of bacteria 
completely, S. parauberis was treated with decreasing con-
centrations of ZnO NPs for 24 h at 28ºC.  MIC was per-
formed by macro- and micro-dilution techniques accord-
ing to Balouiri et al. (2016). For macro-dilution technique, 
sterile screw-capped tubes with 2 ml Müller Hinton Broth 
(MHB) containing different concentrations of ZnO NPs 
(1000, 500, 250, 125, 62.5 and 31.25 µg/ml) were inocu-
lated with 0.2 ml of 1.5 × 108 CFU/ml bacteria. A culture 
control tube containing 2 ml MHB inoculated with 0.2 ml 
of 1.5 × 108 CFU/ml bacteria was performed. Meanwhile, 
MHB alone was served as a negative control. All tubes 
were incubated at 28ºC for 24 hrs. The test was performed 
in triplicate. Regarding the microdilution technique, the 
same concentrations and controls were performed in 12 
well microtiter plates. The plates were incubated at 28ºC 
for 24 hrs. To determine the MBC, subcultures of samples 
from tubes of MIC were plated on antibiotic-free TSA for 
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24 hrs. The lowest concentration at which almost the final 
inoculum is killed was determined, as described by Alekish 
et al. (2018).

Validation of Cell Viability (TTC Assay)
Bacterial cell viability was investigated by adding 2, 3, 
5-triphenyl-2H-tetrazolium chloride (TTC) solution 
(Research Lab, India) to the MIC microtiter plates which 
were incubated for an additional three hours at 28ºC. TTC 
solution is a colorless solution that is reduced to red for-
mazan in the presence of viable cells. The intensity of red 
formazan (OD) is directly proportional to the predomi-
nant metabolically active cells. The absorbance was meas-
ured at 570 nm. Viability percentage was calculated as the 
ratio between the absorbance of treated (ZnO-NP-con-
taining wells) versus the absorbance of culture control. All 
values were expressed as the average of three independent 
experiments (Tiwari et al., 2018) .

Testing the antimicrobial action of ZnO NPs 
using TEM
Streptococcus parauberis was cultured in the presence and 
absence of ZnO NPs. Samples of macro-dilution tech-
nique were centrifuged at 3000×g for 15 min. to get rid 
of the supernatants. The bacterial precipitate was collected 
for transmission electron microscopy ( JEOL, USA) at the 
TEM unit, Ain Shams University, Egypt, according to Ab-
del-Razek (2019).

Quantification of Membrane Leakage of 
cellular Proteins
The effect of ZnO NPs on membrane leakage of proteins 
released from the intracellular cytosol of the bacterial cells 
after treatment with ZnO NPs was estimated. MHB broth 
was treated with ZnO NPs (1 mg/ ml) and overnight in-
cubated at 37 °C, the culture centrifuged at 10,000g for 30 
min at 4°C. Bradford method was used for protein quanti-
fication at 595 nm according to Bradford (1976).

Statistical analysis
All statistical analyses were conducted using the R soft-
ware package (ver. 3.6.1) (R Core Team, 2019). Results 
were obtained as a mean ± 95% confidence interval (CI) 
for the mean (Independent t-test). The significance level 
was set at a probability value of less than 0.05 (p ˂ 0.05).

Results

Antibacterial Activity of ZnO NPs (Well 
Diffusion Assay)
The antimicrobial activity of ZnO NPs was seen in the 
form of a clear zone around the ZnO NPs well (Fig. 1a). 
The diameter of the inhibition zone was recorded in (Table 
1). Statistical analysis of the present data revealed non-sig-

nificant difference between the ZnO NPs inhibition zone 
compared with ampicillin.

Results of MIC and MBC 
ZnO NPs inhibited the visible bacterial growth in a 
dose-dependent manner. The lowest concentration inhib-
ited the visible growth of S. parauberis (MIC) was observed 
at 0.125 mg/ml (Fig. 1b). Meanwhile, the lowest concen-
tration of ZnO NPs that prevented the growth of the bac-
teria on antibiotic-free TSA culture media (MBC) was 
0.250 mg/ ml as illustrated in (Fig. 1c).

TTC Assay Result
Percentage of viable cells of culture control and ZnO NPs 
treated groups were recorded in Table (2). Statistical anal-
ysis of the obtained data revealed marked decrease in the 
cellular viability of ZnO NPs treated bacterial culture (Fig. 
1d).

Figure 1: Antimicrobial activity of ZnO NPs. a) 
Antimicrobial activity of ZnO NPs on MHA. b) MIC of 
ZnO NPs against S. parauberis on MHB. c) MBC of ZnO 
NPs against S. parauberis on antibiotic free TSA. d) Cell 
viability after treatment with ZnO NPs using TTC assay. 
Positive and negative controls are indicated.

Table 1: Diameter of inhibition zone of Ampicillin and 
ZnO NPs against S. parauberis by well diffusion test.
Groups Diameter of inhibition zone (mm)
Ampicillin 27.00 ± 1.96 a

ZnO NPs 26.67 ± 3.45 a

 Values represent mean ± CI 95.

Table 2: Effect of ZnO NPs on S. parauberis viability %
Groups OD Viability %
Culture control 0.258 ±  0.025 a 100 ± 0.00 a

ZnO treated 0.086  ±  0.006 b 33.60 ± 3.62 b

Values represent mean ± CI 95.

Transmission Electron microscopy results 
ZnO NPs treated bacterial culture
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revealed attachment of the NPs to the bacterial cell mem-
branes, and  NPs were also noticed in the cell cytoplasm 
with concomitant rupture of the cell membrane and re-
lease of intracellular contents. Some bacterial cells showed 
empty regions in the cytoplasm. Transmission electron 
microscopy of bacteria cultured in absence of ZnO NPs 
appeared normal (Figure 2).

Figure 2: Transmission electron microscopy (TEM) of 
ZnO NPs. (a and b) the shape of the synthesized ZnO 
NPs under TEM. TEM image of S. parauberis cultured in 
the absence (c) and presence (d) of chemically synthesized 
ZnO NPs. e) ZnO NPs attached to the bacterial cell 
membrane and appeared intracellularly. The scale bars are 
indicated.

Quantification of Membrane Leakage of 
cellular Proteins
The effect of ZnO NPs on membrane leakage of cellular 
proteins was presented in Table (3). Statistical analysis of 
the Bradford protein results illustrated that the lleaked cel-
lular proteins  in ZnO treated culture were 2 folds higher 
compared  to that of culture control.

Table 3:  Membrane leakage of cellular proteins of S. 
parauberis treated with ZnO NPs
Group Protein (µg/ml)
Culture control 11.70 ± 2.86 b

ZnO treated 20.03 ± 3.86 a

Values represent mean ± CI 95.

Discussion

The increasing concern about resistant microorganisms 
stimulates the study of new and more effective antimi-
crobial agents (Raghunath and Perumal, 2017). Good an-
timicrobial effects have been obtained from metal oxide 
nanoparticles. Zinc oxide nanoparticles (ZnO-NPs) have 
been reported as an antimicrobial agent against a diverse 
range of bacteria including Staphylococcus aureus, Escheri-
chia coli (Alekish et al., 2018), Campylobacter jejuni (Xie et 

al., 2011), Salmonella typhimurium (De Souza et al., 2019) 
and Acinetobacter baumannii (Tiwari et al., 2018). 

In the present study, ZnO NPs of average size 30 ± 5 nm 
were tested for their in vitro antimicrobial activity against 
and identified strain of S. parauberis isolated from diseased 
fish belong to a fish farm in Egypt. The well diffusion test 
was performed as a qualitative assessment of the antimi-
crobial activity of ZnO NPs. Meanwhile, both macro and 
microdilution techniques followed by sub culturing were 
performed to determine the MIC and MBC of the tested 
NPs against S. parauberis. Furthermore, the mechanism of 
the effect of ZnO nanoparticles  was based on the assess-
ment of the bacterial cell viability, TEM imaging, and the 
leaked cellular proteins.

Results of broth dilution techniques showed that ZnO 
NPs were capable to inhibit the visible bacterial growth 
at 0.125 mg/ml. The obtained results are in parallel with 
Liang et al. (2020) who recorded a dose dependent growth 
inhibition of Streptococcus pyogen bacterial suspension 
treated with ZnO NPs (49.9 nm). Nazoori and Kariminik 
(2018), reported that MIC of ZnO NPs (121-128 nm) was 
estimated to be more than 2.5 mg/ml against S. aureus, S. 
marcescens, and E. coli and was 5 mg/ml against P. aerug-
inosa, A. baumannii, and K. pneumoniae. The difference in 
MIC could be attributed to the different sizes of the nan-
oparticles and the tested bacterial strain.

The broth dilution assay can be considered confirmative 
and more accurate than the well diffusion assay as the 
chances of nanoparticle-bacteria interactions are higher in 
the liquid phase as suggested by De Souza et al. (2019).

Regarding the viability test, the optical density of S. parau-
beris culture control group was three-fold higher than ZnO 
NPs treated group which indicate that ZnO NPs were ca-
pable to significantly decrease bacterial cell viability. Our 
results are supported by the transmission electron micros-
copy as ZnO NPs treated bacterial culture showed clear 
adherence of ZnO NPs to the bacterial cell membranes 
with the presence of ZnO NPs inside the cell cytoplasm. 
Moreover, some bacterial cultures showed ruptured mem-
brane. The observed changes may be referred to the altera-
tions of membrane permeability via production of ROS by 
ZnO NPs resulting in membrane lipid peroxidation and 
leakage of cellular contents which explain the significant 
increase of the cellular proteins of the ZnO treated cul-
ture compared to culture control. The obtained results are 
in accordance with Tiwari et al. (2018) who mentioned 
that green synthesized zinc oxide nanoparticles possess 
an anti-bacterial activity against Acinetobacter baumannii 
through disrupting the bacterial cell membrane. 
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The achieved results clarify the importance of nano-sized 
particles as a new, promising therapeutic strategy to curb 
fish bacterial infections, however, detailed in vivo testing 
are needed  to assess the therapeutic significance of this 
product.
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