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Abstract 

Control measures against antimicrobial resistant bacterial pathogens are important challenges in our 

daily life. In this study we discuss the sensitivity and resistance of four bacterial pathogens, Vibrio 

alginolyticus, Escherichia coli, Staphylococcus aureus and Bacillus subtilis, to silver-silica hybrid 

nanoparticles. Successively, by combining with an efflux pump blocking agent Verapamil, we find 

that these hybrid nanoparticles induce complete mortality to even the most resistive S. aureus. The 

above pathogens are selected from a pool of 100 bacterial strains resistant to silver nitrate. While S. 

aureus shows increased resistance to the nanoparticles,the cell wall integrity and genetic stability of 

V.alginolyticusand E. coli are compromised in the presence of the hybrid nanoparticles. These 

studies suggest that the antimicrobial properties of the nanoparticles against Gram negative 

pathogens originates from increased oxidative stress, which is confirmed by the blocking of reactive 

oxygen species (ROS) using scavengers such as ascorbic acid and observing DNA damage. The 

antimicrobial property of the nanoparticle when combined with its nontoxic nature to mammalian 

cells makes it a promising agent for controlling drug-resistant Gram-negative pathogens. 
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Antimicrobial resistance (AMR) is a global health threat, which impinges the effective prevention 

and treatment of bacterial infections.1-4 The indiscriminate use of antibiotics in human, veterinary 

and aquaculture sectors have been considered to be the major cause of AMR.5-6 The emergence of 

resistance mechanisms by bacteria and the development of novel antibiotics have become a 

reciprocally evolving process which demands the continuous upgradation of the antimicrobial 

toolbox. Recently, nanomaterials and nanoscale platforms attract great attention to the detection7-9 

and treatment10-14 of bacterial pathogens. Among such nanomaterials, silver-based nanoparticles are 

one of the most promising classes of antimicrobial agents for topical applications.13, 15Although the 

antimicrobial properties of silver compounds are known for centuries, their medical use became 

insignificant with the discovery of antibiotics. With the emergence of bacterial resistanceagainst 

mainstay antibiotics including carbapenems,16-17 silver-based treatment against AMR bacterial strains 

receives great attention. Also, the excellent localised surface plasmon resonance (LSPR) properties 

of silver nanoparticles (AgNPs) make them attractive to photothermal treatment against AMR 

bacterial strains. Indeed, the LSPR properties of AgNPs allow them to show excellent antimicrobial 

activities at lower concentrations when compared to the bulk silver such as in endotracheal tubes 

against pneumonia in photothermal treatment. It is hypothesized that AgNPs, on attachment to 

bacterial cell surface, can penetrate the cell membrane and release silver ion which inhibits the 

respiratory processes and the cell growth.18-20Previously, Ayala et al. reported the antibacterial 

properties of AgNPs against Methicillin resistant Staphylococcus strains.21Apart from the 

antibacterial properties, AgNPs have been demonstrated to be promising antifungal22 and antiviral23 

agents.   
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Silver and its derivatives have been recorded historically as antimicrobial agents with 

minimum documented reports on emergence of resistance. Although the clinical application of silver 

compounds was displaced by antibiotics for a long time, co-evolution of antibiotic resistances among 

microorganisms re-introduced their importance. We envisage that the uncontrolled usage of AgNPs 

may lead to the same scenario of bacterial resistance soon because of metabolic versatility and 

inbuilt mechanisms of bacteria to overcome any adverse situations caused by metal ions. In the 

present study, we monitored the antibacterial properties of silver-silica nanoparticles (Sil-Sil NPs) 

against four environmental isolates of multiple metal and antibiotic resistant pathogens 

(Vibrioalginolyticus, Escherichia coli, Staphylococcus aureus and Bacillus subtilis),  which were 

selected from a pool of 115 AgNO3resistant bacteria.  

Sil-Sil NPs were prepared using a Sil-Sil sol and employing tetraethyl orthosilicate (TEOS), 

ethanol, distilled water and silver nitrate as precursors. The detailed procedure of nanoparticles 

synthesis and its characterization using X-ray powder diffractometer and transmission electron 

microscopy (TEM) technique are discussed elsewhere. 24The particle size was analysed by dynamic 

light scattering technique in Zetasizer Nano Series (Malvern,UK) which can measure particle size in 

the range from 0.6nm to 6 µm.  The release of silver ions from Sil-Sil NP in phosphate buffered 

saline (PBS) was measured by inductively coupled plasma mass spectrometry (ICP-MS). Bacterial 

isolates (n=115) were obtained from a library of metal resistant bacteria, maintained at Marine 

Microbial Reference Facility (MMRF), Council of Scientific and Industrial Research (CSIR)- 

National Institute of Oceanography Regional Centre Cochin. The sensitivity of these isolates towards 

AgNO3was studied by monitoring their growth in a Luria Bertani medium containing different 

concentrations of metal ranging from 0.5 mM to 1000 mM.Antimicrobial effects of different 

concentrations of Sil-Sil NP on Vibrio alginolyticus, Escherichia coli, Staphylococcus aureus and 

Bacillus subtiliswere studied following death rate assay.25 The surface of E. coli and S. aureus were 

imaged before and after treatment with Sil-Sil NP, on a field emission scanning electron microscope 

(FESEM; Hitachi SU6600). The effect of Sil-Sil NPs on the cell wall integrity and DNA stability of 

test organisms in the presence and absence of an efflux pump blocker, Verapamil, were studied using 

SDS assay19 and comet assay26 respectively. The role of efflux pump was also m confirmed by PCR 

technique, amplifying the heavy metal efflux pump RND transporter gene using two sets of primer 

targeting chromosome (CusA F: 5’-TGGATGGGCTTTCATCTTTC and CusA R: 5’- 

TAACGCCTCATCCAGCTTCT) (NCBI accession No. U00096.2) plasmid (SilA F: 5’- 

GCAGAGTATCGAGGCGGTAG and SilA R:5’- ACCTCCGATTGCTGAAGAGA) (NCBI 

accession No. AF067954) mediated resistance. The PCR products were cloned in pGEMT easy 
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vector, sequenced and the gene identity was confirmed by checking the sequence similarity in 

BLASTn in NCBI. The cytotoxicity of Sil-Sil NPs in mouse fibroblast  cells (L929) wereevaluated 

by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium chloride (MTT) assay using MTT assay kit 

(Sigma Aldrich) according to the instructions by the manufacturer. 

Almost all the isolates of bacteria were resistant to AgNO3 at 1mM concentrations and a large 

majority, 60 – 65%, were resistant up to 1000 mM concentrations (Figure 1A). The sources of these 

isolates, their phylogeny, metal tolerance and ecological significance were discussed earlier.27 Four 

representatives of pathogenic bacteria with high AgNO3 resistant properties were further studied for 

their response towards Sil-Sil NPs.  Interestingly, they showed differential responses toward Sil-Sil 

NPs(Figure 1B). Sil-Sil NPis highly toxic to Gram negative isolates and induced complete mortality 

at concentrations as low as 20 µg mL-1. Among the Gram positive isolates, B. subtilis showed 80 % 

mortality rate at 20 µg mL-1 concentration of Sil-SilNPs. Surprisingly, S. aureus was highly-resistant 

to Sil-Sil NPs, recorded only 20 % mortality rate at 100 µg mL-1 of Sil-Sil NPs.  

 
Figure 1: (A) Resistance pattern of bacterial isolates (115 Nos) against increasing concentrations of AgNO3, 

(B) responses of AgNO3 resistant bacterial isolates towards increasing concentrations of Sil-Sil NPs.  

Silver nanoparticles are a more reactive form of silver, owing to their remarkable surface to volume 

ratios. ICP-MS analysis showed higher concentrations of silver dissolved from Sil-Sil NPs compared 

to that of AgNO3 (Figure 2A). We observed less than 0.05 ppm of silver ions released from 500 mM 
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AgNO3(i.e 8.5x104µg mL-1), whereas it was more than 0.2 ppm in 40 µgmL-1 solution of Sil-Sil NPs. 

The silver ion release was retarded with increase in concentrations of Sil-Sil NPs. The particles used 

in the present study were monodispersed with an approximate size of 16 nm (Fig 2B). The available 

atoms on the surface of particle and the solubility and dissolution kinetics of silver ions increase with 

decreasing size of nanoparticles. For example, the surface atoms of 10 nm and 2 nm nanoparticles 

accounts for approximately 10 and 60 % of all atoms composing a crystalline particle. We observed 

approximately 4-fold higher concentration of dissolved silver in 20 µg mL-1 solution of Sil-Sil NPs 

compared to 500 mM AgNO3(i.e 85000 µg mL-1).  The solubility is related not only to the particle 

size but also the concentration of nanoparticles. Here, the dissolved silver concentration was reduced 

at 60, 80 and 100 µg mL-1Sil-Sil NPs, which could be due to the aggregation of particles at higher 

concentration.   

 

Figure 2: (A) Concentration of silver ions released from AgNO3 and Sil-Sil NPs, and (B) the size 

distribution of Ag nanoparticles measured by dynamic light scattering technique. 

 

Interestingly Sil-Sil NP at these concentrations was not toxic to mouse fibroblast cells, L929. 

Figure 3A shows that more than 90 % of mouse fibroblast cells, L929, were viable in  
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Figure 3: (A) Cytotoxicity of Sil-Sil NPsin mouse fibroblast cell, L929. Results are expressed as cell 

viability ± standard deviation, (B) cell wall integrity of bacterial strains on exposure to Sil-Sil NPs for 

different time intervals. Results are expressed as cell wall integrity ± standard deviation, and (C) Field 

emission scanning electron micrographs of E. coli (a, b) and S. aureus (c, d) before (a, c) and after (b,d) 

exposure to Sil-Sil NPs. 

the presence of up to 120 µg mL-1 concentrations of Sil-Sil NPs. Approximately 80 % cells were 

viable at 160 µg mL-1 concentrations of Sil-Sil NPs. Unlike animal cells, bacteria are more sensitive 

to Sil-Sil NPs.These NPs severely impinges the cell wall integrity of Gram negative isolates, 

whereas Gram positive isolates were more resistant. Gram negative isolates recorded 70 % 

reduction in their cell wall integrity over a period of 90 min treatment with Sil-Sil NPs, while the 

Gram-positive isolate B. subtilis lost only 40 %. Interestingly, the cell wall of S. aureus was highly 
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resistant to Sil-Sil NPs, maintaining approximately 80 % integrity after 90 min exposure. The 

differential response of bacterial cell wall towards Sil-Sil NPs was further confirmed with scanning 

electron micrographs (Figure 3C).Cell surface of E. coli was severely damaged on exposure to Sil-

Sil NPs, whereas there was no change for S. aureus.  This difference may be attributed to the 

marked difference in the chemical and structural characteristics of Gram negative and positive 

bacterial cell walls.28 Cell wall of a Gram negative E. coli is the first site of action of silver 

nanoparticles, where it instigates a chain of reactions including the expression of a number of 

envelop proteins (OmpA, OmpC, OmpF, OppA, and MetQ)19 and disruption of the barrier 

components.29 Electron microscopy studies have revealed that majority of AgNPs are localized in 

the membranes of treated E. coli cells,30 and that the particles at the size range of 10 nm can 

penetrate the cell membrane.30-31 The extended layer of peptidoglycan on the cell wall of Gram-

positive S. aureus may play pivotal role in preventing the cytoplasmic entry of nanoparticles 

protecting it from cell death. Inside the cytoplasm, silver nanoparticles interfere with respiratory 

chain reaction and31-33nucleic acid stability,19, 34-35and thus interfering with cell division leading to 

cell death.18, 36 

Since the genetic material of bacteria is not protected inside a nuclear membrane, they are 

freely accessible to internalized nanoparticles. Sil-Sil NP-inducedDNA breakage is presented as a 

function of tail length in comet assay (Figure 4A). Representative images of comets formed are 

given in Figure 4B. Evidently, Sil-Sil NPs brought about a breakage in the DNA of Gram-negative 

isolates. However, the degree of breakage varied with the isolates; in this case 45 % of E. coli and 

14 % V. alginolyticus incurred DNA breakage. The degree of DNA breakage was comparatively 

less in the case of Gram-positive isolates. Surprisingly 98 % of S. aureus cells were under low or no 

damage class in comet assays. Any breakage or damage to the genetic material of bacteria may lead 

to either mutation or death of organisms. Apart from forming stable adducts with purine and 

pyrimidine bases of nucleic acids, silver ions can replace native metal-cation prosthetic groups of 

DNA repair enzymes, leading to their inactivation18, 37 by intensifying oxidative damage of DNA. 

Inside the cytoplasm, silver ions initiate a cascade of reactions leading to the production of reactive 

oxygen species(ROS).15 ROS are a group of highly reactive species formed via the  
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Figure 4:The effect of Sil-Sil NPson genetic stability of bacterial isolates; a.Comet assay histogram of 

bacterial isolates treated with Sil-Sil NPs(100 µg mL-1)(Comets are classified based on tail length into intact 

(blue) and damaged (red), b) representative images of comets (damaged DNA are marked) and c). Comet 

assay histogram of E. coli exposed to Sil-Sil NPs(100 µg mL-1)in the presence (after) and absence (before)of 

ROS scavenger, ascorbic acid.The sizes of images in B are 0.2x 0.2mm2(S.aureus) and 0.1 x 0.1 mm2(other 

strains). 

activation/reduction of molecular oxygen which includes singlet oxygen (1O2), superoxide anion (O2
-

●), hydroxyl radical (HO●), and hydrogen peroxide (H2O2). Although minimum concentrations of 

ROS are necessary for maintaining the regular metabolism of cells, elevated levels can induce double 

strand breakages and nucleoside damages in DNA.38 ROS creates a radical centre in the ribose group 

of DNA, which eventually cleaves the ribose phosphate bond, resulting in the breakage of DNA.38 

The role of ROS in Sil-Sil NP-induced DNA damage is confirmed by scavenging the ROS and free 

radicals using ascorbic acid. The DNA damage was completely absent in cells pre-incubated with the 

ROS scavenger, ascorbic acid, while 48 % cells showed DNA damage in groups treated only with 

Sil-Sil NPs.  

Although antimicrobial properties of silver nanoparticles have been demonstrated against a wide 

range of Gram-positive and negative organisms, including multiple antibiotic resistant strains, the 

resistance against them are least discussed till date. The role of efflux pump in conferring resistance 

to S. aureus against Sil-Sil NPs was demonstrated by using Verapamil, an efflux pump inhibitor. Sil-

B

C
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Sil NPs induce complete mortality of S. aureus when treated in the presence of Verapamil (Figure 

5A), whereas those treated with Verapamil or Sil-Sil NP alone remained viable. In the presence of 

Verapamil, the Sil-Sil NPs could enter the cells and induce DNA damage among 57.5 % cells 

(Figure 5B). The role of the efflux pump was further confirmed by identifying the presence of  

 

Figure 5: (A) Death rate and (B) comet assay histogram of S. aureus on exposure to Sil-Sil NPsin the 

presence and absence of the efflux pump inhibitor verapamil, and (C) schematic representation of the role of 

ABC efflux pump in conferring Sil-Sil NPsresistance to S. aureus. 

genes responsible for heavy metal efflux transporter in the bacteria (Supplementary Figure1). The 

role and mechanisms of the efflux pump-mediated resistance towards silver ions are well discussed 

in the literature.39 Based on these results, the mechanism of toxicity or resistance of bacteria against 

Sil-Sil NPsis schematically represented in Figure 5C.  

We postulate that the efflux pump of S. aureus is versatile enough to protect it from the 

deleterious effects of Sil-Sil NPs which was confirmed by its blockade with Verapamil. Verapamil, a 

derivative of phenylalkylamine is an inhibitor of several bacterial ABC efflux pumps including 

LmrA and calcium channel antagonists.40-41 Bacterial ABC transporters are assigned for the 

translocation of nutrients across the cell membrane and the same can be shared for conferring 

resistance towards toxic compounds.41 ABC efflux is an energy mediated process which includes a 

series of coordinated processes, starting with binding of the substrate with the transporter and 

hydrolysis of ATP, leading to critical rearrangements in the membrane spanning domains anduni-

dimensional substrate translocation.41  Once the toxicants are expelled from the cytoplasm, 
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transporters inactivate themselves through the dissociation of ADP and inorganic phosphorous. 

Based on recording the death rate after blocking the ATP hydrolysis step of ABC efflux using 

Verapamil, it is apparent that the ABC transporter proteins play a key role in conferring Sil-Sil NP 

resistance to S. aureus.  

In short, the present study underlines the enhanced antibacterial properties of silver-silica 

nanoparticles against AgNO3 and antimicrobial resistant pathogenic bacteria such as 

V.alginolyticusand E. coli. The nanoparticles disintegrate the cell wall of Gram-negative bacteria and 

induce DNA damage by upregulating the oxidative stress.  On the other hand, experiments with 

Gram-positive bacterial strains suggest that theirefflux pumps can protect them from accumulation 

and antibacterial actions of silver-silica nanoparticles.  Furthermore, the nanoparticlesare nontoxic to 

mammalian cells. Results in the current study suggest that the silver-based nanoparticles are also 

amenable to bacterial resistance, and hence sufficient precautions may be taken in their wide spread 

application.  
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Figure S1:Agarose gel image of heavy metal efflux pump RND transporter gene amplified using two sets of 

primer targeting chromosome (CusA) and plasmid (SilA) mediated genes 
 

EXPERIMENTAL SECTION 

Silver–silica nanoparticles (Sil-Sil NPs) 

Sil-Sil NPwas prepared using and Sil-Silsol and employing tetraethyl orthosilicate (TEOS), 

ethanol, distilled water and silver nitrate as precursors. The detailed procedure of nanoparticles 

synthesis and its characterization using X-ray powder diffractometer and transmission electron 

microscopy (TEM) technique are discussed elsewhere.24The particle size was analysed by dynamic 

light scattering technique in Zetasizer Nano Series (Malvern,UK) which can measure particle size in 

the range from 0.6nm to 6 µm.  The release of silver ions from Sil-Sil NP in phosphate buffered 

saline (PBS) was measured by inductively coupled plasma mass spectrometry (ICP-MS).  

Bacterial Culture 

Bacterial isolates (n=115) were obtained from a library of metal resistant bacteria, maintained at 

Marine Microbial Reference Facility (MMRF), Council of Scientific and Industrial Research (CSIR)- 

National Institute of Oceanography Regional Centre Cochin. Bacterial isolates were inoculated into 
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Luria Bertani (LB) broth and was grown overnight at 28 ± 2°C in an orbital shaker at 120 rpm and 

subcultured weekly. The purity of the cultures was confirmed by staining and fatty acid profiles. 

Sensitivity of bacterial isolates towards AgNO3 and Sil-Sil NPs 

One hundred and fifteen bacterial isolates were tested for AgNO3 resistance by spot inoculating 

on LB agar containing different concentrations of AgNO3 ranging from 0.5 mM to 1000 mM.  The 

cultures showing growth in AgNO3 enriched media in 48 h was considered as resistant strain.  

 Antimicrobial effects of different concentrations of Sil-Sil NP on Vibrio alginolyticus, 

Escherichia coli, Staphylococcus aureus and Bacillus subtilis are expressed as % death rate. Briefly, 

micro-centrifuge tubes containing 106 cells mL-1 were exposed separately to 0, 20, 40, 60, 80 and 100 

µg mL-1 concentrations of Sil-Sil NP for 1 h, and bacterial growth enumerated on LB agar plates. All 

plates were incubated at 28 ± 2°C for 24 h to enumerate the total number of colonies. Death rate was 

calculated using the equation: 

 

Scanning Electron Microscopy 

The surface of E. coli and S. aureus were imaged before and after treatment with Sil-Sil NP, 

which on a field emission scanning electron microscope (FESEM; Hitachi SU6600). The samples 

were prepared by placing washed and dehydrated cells on a microscope sample holder and gold 

sputtering in an argon atmosphere. Adequate care was exercised to obtain homogenous cell gold 

coating.  

Cytotoxicity assay 

Cytotoxicity of Sil-Sil NP was evaluated by 3-(4,5-dimethylthiazole-2-yl)-2,5-

diphenyltetrazolium chloride (MTT) assay following standard protocol. Here, ~ 106 mouse fibroblast  

cells (L929) were inoculated into 96-well tissue culture plate containing DMEM supplemented with 

10% FBS and incubated for 24 h at 37 °C. The cells were washed three times with PBS, and the 

medium was exchanged with DMEM containing different concentrations of Sil-Sil NP (0, 40, 80, 

120 and 160 µg mL-1) in triplicate. The cells were incubated for 12 h at 37 °C and assayed using 

MTT assay kit (Sigma Aldrich) according to the instructions by the manufacturer. 

The effect of Sil-Sil NP on cell wall integrity – SDS assay 

The effect of Sil-Sil NP on cell wall integrity of test organisms were investigated by SDS assay 

following the method of Lok et al.19 Briefly, overnight cultures of bacterial cells were washed 

Death rate % () =
(N1-N2) x 100

N1
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copiously with sterile phosphate buffered saline and dispensed in the wells of a sterile microplate to a 

volume of 200 µL. After measuring the initial absorbance, the test solution was supplemented with 

Sil-Sil NP (100 µg mL-1) and SDS (0.1 %). Control wells without Sil-Sil NP were maintained. The 

absorbance at 600 nm was recorded at every 15 min for a period of 2 h. The percent decrease in 

absorbance compared to the initial reading was plotted against time.  

The effect of Sil-Sil NP on stability of DNA- Comet assay 

The effect of Sil-Sil NP on the stability of genetic material was investigated by comet assay 

following the method of Singh et al.26 Briefly, 106 bacterial cells were mixed with 500 µL of 0.5 % 

low melting point agarose prepared in TAE buffer containing  RNAse (5 µg mL-1), SDS (10 %) and 

lysozyme (0.5 mg mL-1), and spread over a microscopic slide pre-coated with a thin layer of 0.5 % 

agarose. Subsequently, the cell wall of bacteria was digested by incubating in a lysis solution 

(containing NaCl (0.15 M), Tris (pH 10, 10 mM), EDTA (100 mM) and Triton X100 (1 %) followed 

by proteinase K treatment for 2 h at 37 °C. The slides were equilibrated with 300 mM sodium acetate 

and electrophoresed at 50 V for 15-20 min. Following electrophoresis, the slides were immersed in 1 

M ammonium acetate in ethanol for 30 min, and then in absolute ethanol for 1 h, air dried at 25 °C, 

immersed in 70 % ethanol for 30 min and dried. Slides were stained with 1 ml freshly prepared 

solution of 1 µl SyBr green in TE buffer. The comets were recorded using a fluorescent microscope 

(Olympus BX 51) equipped with filter pairs (470-490 nm: Excitation filter, 520 nm: Emission filter, 

500 nm: Dichroic filter) and CCD camera. The comet length was measured and processed using the 

software Image Pro. The comets were classified based on tail length as intact (0-10 μm length), and 

damaged (>10 μm) groups, and expressed as % number of incidence in the histogram. The role of 

reactive oxygen species (ROS) on Sil-Sil NP induced DNA damaged was assayed by adding ascorbic 

acid, ROS scavenger, to reaction mixture before adding Sil-Sil NPs.  

 

Efflux pump of S. aureus and antibacterial property of Sil-Sil NPs 

The role of efflux pump in conferring resistance to S. aureus to Sil-Sil NP was investigated using 

comet assay. Briefly S. aureus were exposed to Verapamil, calcium channel blocker for ABC 

transporter, to a final concentration of 20 µg mL-1 for 1 h prior to the treatment with Sil-Sil NP. 

Death rate and nucleic acid damage of cells were determined following the method explained above. 

The role of efflux pump was confirmed by PCR technique, amplifying the heavy metal efflux pump 

RND transporter gene using two sets of primer targeting chromosome (CusA F: 5’-
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TGGATGGGCTTTCATCTTTC and CusA R: 5’- TAACGCCTCATCCAGCTTCT) (NCBI 

accession No. U00096.2) plasmid (SilA F: 5’- GCAGAGTATCGAGGCGGTAG and SilA R:5’- 

ACCTCCGATTGCTGAAGAGA) (NCBI accession No. AF067954) mediated resistance. The PCR 

conditions followed was; initial denaturation (95 ᴼC for 2 min), followed by cycle denaturation (at 94 

ᴼC for 30 s), annealing (at 60 ᴼC for 30 s), extension (at 72 ᴼC for 30 s) for a total of 30 cycles and a 

final extension for 5 min at 72 ᴼC. In the PCR, 5 µl DNA sample was used as template for 50 µl 

reaction mixture containing 2 µl each of primers (10 picomoles µl-1), 5 µl 10X Taq polymerase 

buffer (NEB, Canada), 1 U Taq DNA polymerase (NEB, Canada) and 200 µM dNTPs (NEB, 

Canada). The PCR products were cloned in pGEMT easy vector, sequenced and the gene identity 

was confirmed by checking the sequence similarity in BLASTn in NCBI.  
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