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Proteins involved in AgNPs stability

Silver nanoparticles (AgNPs) show higher biocompatibility compared to the
chemically-synthesized ones.

The TEM images showed that AgQNPs were surrounded by an irregular cove-
rage.

The IR spectrum showed that this coverage was composed of carbohydrates
and/or proteins.

Different proteins were identified in the capping associated to biosynthesi-

zed AgNPs.



ABSTRACT

The development of environmental friendly new procedures for the synthesis of
metallic nanoparticles is one of the main objectives of nanotechnology. Plants, algae, fungi
and bacteria for the production of nanomaterials are viable alternatives due to their low
cost, the absence of toxic waste production and their highly energy efficiency. It is also
known that biosynthesized silver nanoparticles (AgNPs) show higher biocompatibility
compared to the chemically-synthesized ones. In previous results, biosynthesized AgNPs
were obtained from the supernatant of Pseudomonas aeruginosa, and they showed a bigger
antimicrobial activity against different bacterial species compared to the chemically-
synthesized ones. The aim of this work was to analyze the capping of biosynthesized
AgNPs using techniques such as transmission electron microscopy (TEM), infrared
spectroscopy (IR), and protein identification through mass spectrometry (MS) in order to
identify the compounds responsible for their formation, stability and biocompatibility. The
TEM images showed that AgNPs were surrounded by an irregular coverage. The IR
spectrum showed that this coverage was composed of carbohydrates and/or proteins.
Different proteins were identified in the capping associated to biosynthesized AgNPs. Some
proteins seem to be important for their formation (Alkyl hydroperoxide reductase and
Azurin) and stabilization (Outer membrane protein OprG and Glycine zipper 2TM domain-
containing protein). The proteins identified with the capability to interact with some
biomolecules can be responsible for the biocompatibility and may be responsible for the
bigger antimicrobial activity than AgNPs have previously shown. These results are pioneers

in the identification of proteins in the capping of biosynthesized AgNPs.

KEYWORDS: bacteria, silver nanoparticles, capping, proteins.



1. INTRODUCTION

Great advances in nanoscience had exposed the excellent physical and chemical
properties of matter at nanometric size and its differences with the macro/micrometric state.
The green synthesis of nanoparticles (NPs) consists in the use of plants, algae, fungi or
bacteria for the production of low-cost, energy-efficient and non-toxic nanomaterials [1,2].
The biosynthesis of NPs has become an important object of study for nanotechnology, due
to the great number of advantages that it offers. Chemical methods have some weaknesses
that include the use of toxic solvents, the generation of dangerous by-products and the high
consumption of energy [3]. When a particle decreases in size, a greater proportion of the
atoms are present on its surface compared to the interior. These particular characteristics of
nanoparticles improve the interaction with other molecules. The surface/volume ratio of the
nanoparticles is big, which gives them an excellent capacity to adsorb substances. This
property makes them good carriers of other molecules, such as chemical compounds, drugs,
probes and proteins attached to the surface [3]. Biosynthesized NPs are more acceptable for
medical applications because they offer biocompatibility superior to NPs produced by
chemical methods [4]. This biocompatibility would be mediated by the biomolecules that
act as natural stabilizers of NPs, preventing not only the aggregation over time but also
giving them a particular additional stabilization [5]. The biomolecules that form part of the
coverage would mediate the interaction with other biological molecules (proteins, sugars or
even whole cells) and could improve the interaction with the pathogens involved®. This
particular property could be responsible for the best antimicrobial activity of the NPs with
respect to the NPs synthesized by other methods [1, 6-10] . However, there are no studies

devoted to the identification of compounds such as proteins present in the capping of the



biosynthesized NPs.

In previous studies, our group reported a simple and green method for the biological
synthesis of AgNPs using a cell-free supernatant of Pseudomonas aeruginosa. These
biosynthesized AgNPs were stable, uniform, spherical and showed a great antimicrobial
activity at picomolar levels against representative human Gram-positive and Gram-negative
pathogens including multi-drug resistant bacteria such as methicillin-resistant
Staphylococcus aureus, Acinetobacter baumannii and Escherichia coli [11].

The main objective of this work was to analyze the coverage of biosynthesized
silver nanoparticles (AgNPs) to determine which components would be involved in the
synthesis of the NPs and would be responsible for their stability and for the antimicrobial

activity they previously showed.

2. MATERIALS AND METHODS

2.1. Chemicals and reagents

Luria Bertani medium (MP Biomedicals, France), Mueller Hinton medium
(Britania, Argentina). Silver nitrate (AgNO3), potassium bromide (KBr), Phosphate Buffer
Solution (PBS): sodium chloride (NaCl), potassium chloride (KCI), Sodium phosphate di-
basic (Na2HPQ4), potassium phosphate monobasic (KH2POs); Ethylenediaminetetraacetic
acid (EDTA); Ethanol and Formaldehyde from Cicarelli (Argentina). Bradford Reagent
(Bio-Rad). Bis-acrylamide and acrylamide, Bovine serum albumin (BSA), Tris, Glycine,
Sodium dodecyl sulfate (SDS), Ammonium persulfate (APS) and N,N,N',N'-
Tetramethylethylenediamine (TEMED) from Sigma-Aldrich. Hydrochloric acid, Acetic
acid, Sodium thiosulfate, Sodium acetate, and Sodium carbonate from Tetrahedron

(Argentina).



2.2. Biosynthesis of AgNPs

In previous studies, a satisfactory methodology was developed to obtain stable
nanoparticles with uniform size and shaping [11]. A culture of Pseudomonas aeruginosa
ATCC 27853 was carried out in liquid LB medium at 37°C for 24 h. The culture was
centrifuged at 10000 xg for the elimination of the biomass and the obtained supernatant was
filtered. 10 mM silver nitrate solution (70:30 ratio) was added to one aliquot of the obtained
supernatant. The resulting solution was incubated at 37 °C for 24 h with agitation and
darkness. After the incubation time, the UV-vis absorption spectrum of the obtained
solution was carried out, which indicated the formation of AgNPs by the appearance of

surface plasmon resonance (SPR) at 412 nm.

2.3 Characterization by TEM

The morphological analysis of the AgNPs was carried out using a microscope at
JEM-JEOL 1120 EXII operated at 80 kV. 10 pL of the biosynthesized samples were taken
and placed on a grid for carbon-coated carbon microscopy. The samples were dried at room

temperature and in darkness [12].

2.4 Infrared spectroscopy (IR)

Samples were prepared following the potassium bromide disk method (solid phase
method) and then lyophilized. 50 mg of potassium bromide were added to 2 mg of the solid
sample, and they were pulverized in an agate mortar, being careful with moisture
absorption [13]. The mixture was compressed in a suitable mold for the formation of the IR

discs. Not-uniform discs obtained were discarded for the analysis. The samples were



analyzed in an FT-IR team (Avatar 360).

2.5 Characterization of AgNPs corona

In addition to the results obtained by using TEM and IR, AgNPs corona

composition was analyzed by identifying the proteins presents.
2.5.1 Sample Preparation

After incubation with Ag" ions, cell-free supernatant of P. aeruginosa used for the
AgNPs biosynthesis was centrifuged for the AgNPs precipitation and the supernatant was
removed. AgNPs were re-suspended in mQH20O. Additionally, the proteins of the cell-free

supernatant without the incubation with Ag* were also analyzed.
2.5.2 Electrophoresis

The total protein concentration of the supernatants was determined by the Bradford
method, using BSA as reference (0-10 pg mL™) [14]. Proteins were concentrated by
precipitation with cold acetone and were re-suspended in Urea-Thiourea-CHAPS buffer. 15
ng of proteins were placed into the wells. Finally, the electrophoresis under denaturing
conditions (SDS-PAGE) in a gel prepared at 12% was performed at constant 180v for 2h
[15]. The gel was stained by using a silver staining MS-compatible procedure. The
visualized bands were excised from the gel and conserved in mQH2O for the protein

identification analysis.
2.5.3 Protein identification analysis

Samples were reduced with 20 mM DTT for 45 min at 56 °C and were alkylated
with 20 mM lodoacetamide for 45 min. Proteins were in-gel digested using sequencing

grade Trypsin. The extraction of the peptides was carried out with acetonitrile. Samples



were lyophilized by Speed Vac and re-suspended with 10 pL of 0.1% Formic Acid.

Peptides were separated by nanoHPLC (EASY-nLC 1000, Thermo Scientific) and were
analyzed by tandem mass spectrometry (spectrometer Q-Exactive, Thermo Scientific) with

Orbitrap technology (nanoHPLC-ESI-MS/MS).

The bioinformatics analysis of the data obtained was performed with the Proteome
Discoverer v1.4 software (Thermo Scientific), using the specific database for P.

aeruginosa.

2.6. Statistical analysis

The assays were performed in triplicate. Data were expressed as means = SD.

3. RESULTS

3.1 Synthesis and Characterization of AgNPs by TEM

The TEM technique was used to visualize the shape and size of the AgNPs obtained
by P. aeruginosa supernatant. The AgNPs showed a homogeneous distribution in size and
shape. They were spheroidal and the size was 25 nm +8 nm. The TEM images revealed that
AgNPs were surrounded by a corona, which was probably made up of components of the

supernatant of the culture of P. aeruginosa (Figure 1).

3.2. Characterization of AgNPs by IR

Bacteria supernatant and AgNPs were both analyzed by IR. In the supernatant
sample, peaks at 3,417 cm’! were observed and they could correspond to the presence of

amide groups (voltage vibrations of the N-H bond). Other peaks were also observed, such



as 1,663 cm™ (vibrations of the link voltage C=0), 1,401 cm™ (bending vibration of C-OH)
and 1,074 cm™ (vibration of the C-O-C bond in polysaccharide groups). The appearance of
these characteristic peaks suggests the presence of carbohydrates and proteins in bacteria

supernatant (Figure 2A).

In the AgNPs spectrum, some differences were noticed with respect to the
supernatant sample. Some decreases and increases were observed in the peaks described
previously (Figure 2B). The decrease of the peak at 3,417 cm™ could be considered as the
main factor that acts as a reducer in the synthesis reaction. Likewise, the increase of the

peak at 1,401 cm™ could be part of the stabilizing agent in AgNPs.

3.3 Characterization of AgNPs corona

In addition to the results obtained by using TEM and IR, AgNPs corona

composition was analyzed by identifying the proteins present in AgNPs.

After the SDS-PAGE, eight bands were visualized in the gel: two bands were
observed in the lane corresponding to the cell-free supernatant without the incubation with
Ag" ions, while six bands were observed in the lane corresponding to biosynthesized
AgNPs (Figure 3). In addition, it could be seen that the concentration of some of the
proteins was higher in the AgNPs sample (NP03 - 08). The increase observed in the AgNPs
bands could be due to a greater affinity of proteins of P. aeruginosa supernatant by the

AgNPs surface.

Table 1 show the proteins presents in the surface of AgNPs biosynthesized. From

MS analysis of the excised bands, 20 proteins were identified. It is important to highlight



that most of the proteins were identified in AgNPs sample, while only one protein was
identified from the crude supernatant sample. Unfortunately, proteins from bands N° 2 and

5 could not be identified.

The proteins identified in bands corresponding to AgNPs sample were classified
according to their function registered in the Uniprot database. Among proteins, we found
outer membrane structural proteins, such as Outer membrane protein OprG and Glycine
zipper 2TM domain-containing protein; proteins of interactions with biomolecules, namely
Phospholipid-binding protein MlaC, PhoP/Q and low Mg?" inducible outer membrane
protein H1 (interaction with lipopolysaccharide), Uncharacterized protein PA1579 (lipid
binding), Azurin (interaction with transition metal ions), cold-shock protein (interaction
with nucleic acids), Bacteriohemerythrin (metal binding); proteins characteristics of
response to oxidative and environmental stress, such as Alkyl hydroperoxide reductase
subunit C and RNA-binding protein Hfq; and important proteins involved in metabolic
reactions, e.g. Inorganic pyrophosphatase, Lipid A deacylase Pagl, Pterin-4-alpha-
carbinolamine dehydratase, Glycine cleavage system H protein 1 and YgdI/YgdR family

lipoprotein.

4. DISCUSSION

The most important challenge in the synthesis processes is to obtain stable NPs with
uniform size and shape. The chemical synthesis of NPs generally occurs under extreme
conditions of pH or temperature, and the chemicals substances used can have a negative

impact on health and the environment [16]. The use of microorganisms in the synthesis of

10



NPs is a relatively new promising research area, with a potential for considerable
expansion. Biosynthesis has as main advantages, a lower use of energy and little
environmental impact, compared to conventional methods [16-18]. Imtiyaz Hussain [19]
summarizes the benefits of the biosynthesis like a low cost and high energy-efficiency
process with absence of toxic waste or use of organic solvents. Currently, the precise
mechanism of NP synthesis by biological agents is under study. This is because each type
of agent reacts differently to the metals that lead to the formation of NPs [19].

There are many studies that support that biogenic NPs have a better antimicrobial
activity compared to those of chemical origin. Sintubin ef al. [20] demonstrated that the
biosynthesized NPs had an antimicrobial activity 20 times bigger than those chemically
synthesized. Botes and Cloete [21] propose that this is due to the fact that biological
molecules not only give stability to NPs but also significantly increase the interaction with
microorganisms, fostering their antimicrobial activity.

The biomolecules involved in the biosynthesis process give the AgNPs a differential
stability due to the capping function it performs. One of the possibilities offered by
biosynthesis is the use of fungi members. Some authors showed that the synthesis of NPs
from fungi gives rise to AgNPs with excellent antibacterial activity. However, the main
disadvantage is that the methodology involves numerous steps and longer time in which, in
some cases, obtaining NPs can take up to 5 days of incubation [22-24]. The use of bacteria
(in this case, the P. aeruginosa supernatant) as a route of production of AgNPs is more
advantageous than other microorganisms, since the time of synthesis takes usually only a
few hours [25-27].

Ahmed et al. [28] proposed the possible capping mechanism of the nanoparticles

using FTIR studies in fungi. To determine the interaction between the biopolymer (Levan)

11



and NP, this group compared the FTIR spectra of Levan and stabilized AgNPs with this
biopolymer. The IR peaks at 1650 cm™ and 3400 cm!, which are characteristic of the
carbonyl and hydroxyl groups respectively, were present in both the Levan AgNPs
spectrum and the Levan stabilized, indicating the presence of this biopolymer around the
particles. These results are in accordance with the IR analysis obtained in this work, where
the carbonyl and hydroxyl groups are present in AgNPs and in the supernatant of P.
aeruginosa. This indicates the participation of components of the supernatant of the
bacteria in the formation of nanoparticles.

According to the literature, numerous studies have shown that the NPs stability can
be achieved by the interaction of proteins on its surface, forming a complex called corona
protein [29-32]. The initial corona that forms on the surface of the nanoparticle, the “hard
corona” (HC), consists of proteins with high association rates. By contrast, the proteins that
constitute the soft corona (SC) quickly exchanged the surrounding environment in short
timescales [33]. The HC is considered to play an important role in the interaction of the
nanoparticles with their surrounding cells since it is more stable and closely associated with
the surface of the nanomaterial.

In thermodynamic terms, Walkey ef al. explains the interaction of the nanoparticle
with the protein corona. They affirm that the HC adsorbs onto the surface of NPs in a
thermodynamically favorable manner with a large net binding energy of adsorption
(AGads). This binding energy determines the stability of the protein—nanomaterial complex,
as a consequence, proteins that adsorb with a large AGads have a low probability of
desorption and tend to stay associated with the nanomaterial [34]. The proteins that adsorb
with a small AGads, easily desorb and return to solution, as in the case of SC [34].

In other hand, a work published by Jain et al. [35], bands corresponding to two

12



proteins of 32 and 35 kDa were observed by SDS-PAGE. However, these proteins were not
identified and the authors concluded that the proteins would have the function of reducing
agents and capping. In the same line of research, Elumalai et al. [36] assumed that AgNPs
synthesized using the coconut water were surrounded by some proteins and metabolites
such as terpenoids and flavonoids, which are capping ligands of the nanoparticles.

To the best of our knowledge, there are no works devoted to the identification of the
proteins which can be part of the corona surrounding the NPs synthetized by biological
methods. In this work, the information obtained from the electrophoresis analysis was
completed with the data acquired from the nanoHPLC-ESI-MS/MS studies followed by
bioinformatics analysis to identify the proteins from the P. aeruginosa supernatant.
Different proteins were identified in the corona associated to AgNPs biosynthesized. The
presence of a bigger number of bands in the AgNPs sample could indicate that the proteins
were concentrated around the nanoparticles and were precipitated after centrifugation.
Therefore, we are not able to see these proteins in the crude supernatant sample, indicating
that these proteins were present in very low concentration in the extracellular medium and
the sensitivity of the silver staining method is not enough to reveal the bands of these
proteins. Among the identified proteins, some proteins seem to be important for the
formation, stabilization and interaction with some of the bacterial species tested in previous
studies [11]. Some authors claim that the amount of proteins plays an important role in
controlling the size and shape of the nanoparticles. Sotnikov et al. [37] asseverate that the
interaction of macromolecules with nanoparticles depends on several factors, including the
chemical nature of the adsorbed material, the composition of the medium, the pH, among
others. The extracellular proteins also act as a capping agent stabilizing the particles [38].

Alkyl hydroperoxide reductase possesses a reductase function and it is one of the

13



proteins which could be responsible for the reduction of Ag" ions into Ag® in the AgNPs.
Azurin is a protein with interactions to transition metal ions like silver and, at the same
time, this protein had demonstrated to be capable of transfering electrons, both being
responsible for the formation of AgNPs. The interaction between azurin and silver
nanomaterials was studied by some authors, such as Martinolich et al. [39], who
demonstrated that NP interactions impacted on protein structure, function, and modified the
NP reactivity with implications for targeting, uptake, and cytotoxicity. Similarly, Freitas et
al. [40] studied the alteration of the 10-40 nm Ag engineered nanomaterial (ENM) surface
by adsorbed Azurin. The results showed an adventitious protein-ENM redox reaction that
altered both metal ENM and protein reactivity [40]. Xie ef al. [41] used an algal extract
solution to produce single-crystalline gold nanoplates and demonstrated the presence of
proteins involved in the synthesis of the gold nanoplates. A protein of 28 kDa called gold
shape-directing protein (GSP) was isolated and purified by RP-HPLC and was found to
possess both reduction and shape-directing functionalities. In a review published in 2016,
the authors highlighted the importance of microbial cellular and extracellular
oxidoreductase enzymes in the reduction processes for the formation of AgNPs.
Additionally, these authors concluded that those reducing agents or other constituents
present in the cells act as stabilizing and capping agents [42].

Some of the proteins that can be involved in the stability of the NPs are the
identified structural proteins like Outer membrane protein OprG and Glycine zipper 2TM
domain-containing protein. Likewise, the proteins identified with capability to interact with
some biomolecules can be responsible for the biocompatibility and may be responsible for
the bigger antimicrobial activity that biosynthesized AgNPs have previously shown

compared to the chemically-synthesized AgNPs [11]. Among these proteins, we can
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mention the following proteins: cold-shock protein, uncharacterized protein PA1579,
Phospholipid-binding protein MlaC and PhoP/Q and low Mg*" inducible outer membrane

protein H1.

5. CONCLUSION

These results pioneer the identification of proteins in the capping of biosynthesized
AgNPs. Some proteins seem to be important for their formation (Alkyl hydroperoxide
reductase and Azurin) and stabilization (Outer membrane protein OprG and Glycine zipper
2TM domain-containing protein). The proteins identified with the capability to interact with
some biomolecules can be responsible for the biocompatibility and may be responsible for
the bigger antimicrobial activity of AgNPs biosynthesized extracellularly by P. aeruginosa.

This is of great interest not only because it allows understand the biogenic synthesis
of the AgNPs obtained from the supernatant of the bacteria, but also highlights because it
provides relevant information in the identification of those proteins that make up the corona
around the AgNPs. It is very important to know the nature of the protein corona in biogenic

NPs since it represents the “way in which the cells see the particle” [43].

6. ACKNOWLEDGEMENTS

The authors would like to thank Consejo Nacional de Investigaciones Cientificas y
Técnicas de Argentina (CONICET) (PIP 11220130100702CO), Secretaria de Ciencia y
Técnica de la Universidad Nacional de Cordoba (SECyT) (30820130100009CB) and
Agencia Nacional de Promocion Cientifica y Tecnologica (ANPCyT) (PICT 2015 N° 1558)
for the financial support. We thank Silvana Ceballos for revision of this manuscript. Paulina

L. P4dezand Liliana B. Villegas are members of the Research Career of CONICET. Melisa

15



Quinteros is PhD of CONICET. José O Bonilla thanks CONICET for the awarded doctoral
fellowship. The authors also thank the English Scientific Writing Advice Group (GAECI)

of the National University of San Luis for the revision of this article.

16



REFERENCES

1-

K. Ranoszek-Soliwoda, E. Tomaszewska, K. Matek, G. Celichowski, P.
Orlowski, M. Krzyzowska, J.Grobelny. The synthesis of monodisperse silver
nanoparticles with plant extracts. Colloids Surf B Biointerfaces, 177 (2019) 19-

24.

K. Thakkar, S. Mhatre and R. Parikh. Biological synthesis of metallic

nanoparticles. Nanomedicine, 6(2) (2010) 257-262.

M. Shah and E. Alveroglu. Synthesis and characterization of magnetite
nanoparticles having different cover layer and investigation of cover layer effect
on the adsorption of lysozyme and bovine serum albumin Mater Sci Eng C

Mater Biol Appl, 81 (2017) 393-399.

M. Bansal, A. Bansal, M. Sharma and P. Kanwar. Green synthesis of gold and

silver nanoparticles. Res. J. Pharm., Biol. Chem. Sci., 6 (2015) 1710-1716.

V. Deepak, P. Umamaheshwaran, K. Guhan, R. Nanthini, B. Krithiga, N.
Jaithoon, S. Gurunathan. Synthesis of gold and silver nanoparticles using

purified URAK. Colloids Surf B Biointerfaces, 86 (2011) 353-358.

Z. Khan, H. Sadiq, N. Shah, A. Khan, N. Muhammad, S. Hassan, et a/. Greener
synthesis of zinc oxide nanoparticles using Trianthema portulacastrum extract

and evaluation of its photocatalytic and biological applications. J Photochem

Photobiol B, 192 (2019) 147-157.

P. Velusamy, G. Kumar, V. Jeyanthi, J. Das and R. Pachaiappan. Bio-inspired

green nanoparticles: synthesis, mechanism, and antibacterial

17



10-

11-

12-

13-

14-

application. Toxicol Res., 32 (2016) 95-102.

M. Rai, S. Deshmukh, A. Ingle and A. Gade. Silver nanoparticles: the powerful
nanoweapon against multidrug-resistant bacteria. J Appl Microbiol. 112 (2012)

841-52

H. Singh, J. Du, P. Singh and T. Yi. Extracellular synthesis of silver
nanoparticles by Pseudomonas sp. THG-LS1. 4 and their antimicrobial

application. J Pharm Anal., 8 (2018) 258-264.

L. Biao, S. Tan, X. Zhang, J. Gao, Z. Liu, Y. Fu. Synthesis and characterization
of proanthocyanidins-functionalized Ag nanoparticles. Colloids Surf B

Biointerfaces, 169 (2018) 438-443.

M. Quinteros, I. Aiassa Martinez, P. Dalmasso, I. Albesa and P. Paez. (2016).
Silver nanoparticles: biosynthesis using an ATCC reference strain of
Pseudomonas aeruginosa and activity as broad spectrum clinical antibacterial

agents. Int J Biomater., (2016) 5971047.

M. Winey, J. Meehl, E. O'Toole and T. Giddings. Conventional transmission

electron microscopy. Mol Biol Cell., 25 (2014) 319-323.

M. Bindhu and M. Umadevi. Silver and gold nanoparticles for sensor and anti-
bacterial applications. Spectrochim Acta A Mol Biomol Spectrosc. 128 (2014)

137-45.

M. Bradford. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal

Biochem., 72 (1976) 248-54.

18



15-

16-

17-

18-

20-

21-

J. Bonilla, E. Callegari, C. Delfini, M. Estevez and L. Villegas. (2016).
Simultaneous chromate and sulfate removal by Streptomyces sp. MC1. Changes
in intracellular protein profile induced by Cr (VI). J Basic Microbiol., 56 (2016)

1212-1221.

L. Pereira, F. Mehboob, A. Stams, M. Mota, H. Rijnaarts and M. Alves. Metallic
nanoparticles: microbial synthesis and unique properties for biotechnological
applications, bioavailability and biotransformation. Crit Rev Biotechnol., 35

(2015) 114-28

K. Shameli, M. Ahmad, W. Yunus, N. Ibrahim, Y. Gharayebi, and S. Seda-ghat.
Synthesis of silver/montmorillonite nanocomposites using y-irradiation. Int J

Nanomedicine, 5 (2010) 1067-77.

R. Zanella. Metodologias para la sintesis de nanoparticulas: controlando forma y
tamafio. Mundo Nano. Revista Interdisciplinaria en Nanociencia y

Nanotecnologia, 5(2012).

I. Hussain, N. Singh, A. Singh, H. Singh and S. Singh. Green synthesis of nano-

particles and its potential application. Biotechnol Lett., 38 (2016) 545-60.

L. Sintubin, B. Gusseme, P. Van der Meeren, B. Pycke, W. Verstraete and N.
Boon. The antibacterial activity of biogenic silver and its mode of action. Appl

Microbiol Biotechnol, 91 (2011) 153-162.

M. Botes and T. Cloete. The potential of nanofibers and nanobiocides in water

purification. Crit Rev Microbiol., 36 (2010), 68-81.

19



22-

23-

24-

25-

27-

A. Abd El-Aziz, M. AL-othman, M. Mahmoud and H. Metwaly. Bio-synthesis
of silver nanoparticles using Fusarium solani and its impact on grain borne

fungi. Dig J Nanomater Biostruct, 10 (2015) 655-662.

G. Mohamed, A. Medhat and E. Wafaa. Biogenic synthesis of silver
nanoparticles using culture supernatant from the fungus Cunninghamella
phaeospora optimization and antibacterial efficiency. AARIMD, 1 (2015) 196—

213.

A. Singh, V. Rathod, D. Singh, S. Ninganagouda, P. Kulkarni, J. Mathew and M.
Hagq. Bioactive silver nanoparticles from endophytic fungus Fusarium sp.
isolated from an ethanomedicinal plant Withania somnifera (Ashwagandha) and

its antibacterial activity. International Journal of Nanomaterials and

Biostructures, 5(2015), 15-19.

V. Sharma, R. Yngard and Y. Lin. Silver nanoparticles: green synthesis and their

antimicrobial activities. Adv Colloid Interface Sci, 145 (2009) 83-96.

L. Pereira, F. Mehboob, A. Stams, M. Mota, H. Rijnaarts and M. Alves. Metallic
nanoparticles: microbial synthesis and unique properties for biotechnological

applications, bioavailability and biotransformation. Crit Rev Biotechnol., 35

(2015) 114-128.

K. Crespo, J. Baronetti, M. Quinteros, P. Pdez and M. Paraje, M. G. Intra and
extracellular biosynthesis and characterization of iron nanoparticles from

prokaryotic microorganisms with anticoagulant activity. Pharm Res., 34(2017),

591-598.

20



28-

29-

30-

31-

32-

33-

34-

K. Ahmed, D. Kalla, K. Uppuluri and V. Anbazhagan. Green synthesis of silver
and gold nanoparticles employing levan, a biopolymer from Acetobacter
xylinum NCIM 2526, as a reducing agent and capping agent. Carbohydr

Polym, 112 (2014) 539-545.

D. Ballottin , S. Fulaz, M. L. Souza, P. Corio, A. G. Rodrigues, A. O. Souza, and
L. Tasic,. Elucidating protein involvement in the stabilization of the biogenic

silver nanoparticles. Nanoscale research letters, 11 (2016) 313.

F. F An and X. H Zhang. Strategies for preparing albumin-based nanoparticles
for multifunctional bioimaging and drug delivery. Theranostics, 15 (2017) 3667-

3689

C. Corbo, R. Molinaro, M. Tabatabaei, O. C. Farokhzad and M. Mahmoudi.
Personalized protein corona on nanoparticles and its clinical implications.

Biomaterials science, 5 (2017) 378-387.

L. Marichal, G. Giraudon--Colas, F. Cousin, A. Thill, Y. Boulard, J. C. Aude and
J. P. Renault. Protein-Nanoparticle interactions: What are the protein-corona

thickness and organization?. Langmuir, 33 (2019) 10831-10837.

S. M. Ahsan, C. M. Rao and M. F. Ahmad. Nanoparticle-protein interaction: the
significance and role of protein corona. Adv Exp Med Biol. 1048 (2018) 175-

198.

C. D. Walkey and W. C. Chan. Understanding and controlling the interaction of
nanomaterials with proteins in a physiological environment. Chem Soc Rev., 7

(2012) 2780-2799.

21



35-

36-

37-

38-

39-

40-

41-

42-

N. Jain, A. Bhargava, S. Majumdar, J. Tarafdar and J. Panwar, J. Extracellular
biosynthesis and characterization of silver nanoparticles using Aspergillus flavus

NJP08: a mechanism perspective. Nanoscale, 3 (2011) 635-641.

S. Srikar, D. Giri, D. Pal, P. Mishra and S. Upadhyay. Green synthesis of silver

nanoparticles: a review. GSC, 6 (2016) 34-56.

D. Sotnikov, A. Berlina, V. Ivanov, A. Zherdev, B. Dzantiev, S. Veeraapandian,
S. Sawant, M. Doble. Adsorption of proteins on gold nanoparticles: One or more

layers?. Colloids Surf B Biointerfaces, 173 (2019) 557-563.

S. Veeraapandian, S. Sawant and M. Doble. Antibacterial and antioxidant
activity of protein capped silver and gold nanoparticles synthesized with

Escherichia coli. ] Biomed Nanotechnol, 8 (2012) 140-8.

A. Martinolich, G. Park, M. Nakamoto, R. Gate and K. Wheeler, K.E. Structural
and functional effects of Cu metalloprotein-driven silver nanoparticle

dissolution. Environ Sci Technol., 46 (2012) 6355-62.

D. Freitas, A. Martinolich, Z. Amarisa and K. Wheeler. Beyond the passive
interactions at the nano-bio interface: evidence of Cu metalloprotein-driven

oxidative dissolution of silver nanoparticles. J Nanobiotechnology, 14 (2016) 7.

J. Xie, J. Lee, D. Wang, Y. Ting. Identification of active biomolecules in the
high-yield synthesis of single-crystalline gold nanoplates in algal solutions.

Small, 3 (2007) 672-82.

E. Elumalai, K. Kayalvizhi and S. Silvan. Coconut water assisted green

synthesis of silver nanoparticles. J Pharm Bioallied Sci., 6 (2014) 241-5.

22



43-

N. Durén, C. P. Silveira, M. Duran, D. S. T. Martinez. Silver nanoparticle

protein corona and toxicity: a mini-review. J Nanobiotechnology, 13 (2015) 55.

23



Journal Pre-proof

CAPTIONS

FIGURE 1. TEM image of biosynthesized AgNPs: A) scale 50 nm 500,000X B) scale 200

nm 150,000X.

FIGURE 1. Quinteros et al.
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FIGURE 2. (A) IR spectrum of P. aeruginosa supernatant and (B) IR spectrum of AgNPs.

FIGURE 2. Quinteros ef al.
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FIGURE 3. SDS-PAGE gel obtained from P. aeruginosa supernatant (lane 1) and AgNPs

sample (lane 2).

FIGURE 3. Quinteros et al.
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Table 1. Proteins identified from excised bands of the gel applying nanoHPLC coupled to

MS/MS analysis.

Table 1. Quinteros et al.

Band Accession | Description Coverage | Peptides | MW calculated | Score
number (%) [kDa] pl Sequest
HT

|
“- e -----
- Q9HVW4 | Phospholipid-binding protein MlaC 11,63

- Q91690 UPF0312 protein PA0423 25,65 14,31

Q91673 Alkyl hydroperoxide  reductase 1 20,5 6,33 2,16
subunit C 5,35

ﬁ- e -----
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Q9HVD1 Lipid A deacylase PaglL 8,67 1 18,4 6,3 3,37

NPO7 | Q9I6G2 | UPF0339 protein PA0329 10,00

- o m——"

- o e

Q9I129 YgdlI/YgdR family lipoprotein 12,33 1 8,1 8,18 2,22
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