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Abstract 
Introduction: Antibiotic resistance is a major global health concern as many fatalities occur each year due to severe 

infections associated with it, such as sepsis. This research protocol hopes to address the issue of antibiotic resistance in 

methicillin-resistant Staphylococcus aureus (MRSA) by using an alternative antibiotic therapy. Silver nanoparticles (AgNPs), 

which have antibiotic properties and low antibiotic resistance potential, will be administered in conjunction with stable and 

biocompatible branched amphiphilic peptide capsules (BAPCs). Surface functionalized ligands will be attached to the peptide 

capsules to target iron receptors essential to MRSA survival. By targeting its iron receptors, the bacteria will be unable to 

mutate in such a way that would attenuate its uptake of this antibiotic.  

Methods: Testing will begin in vitro on MRSA cultures to assess the minimum inhibitory concentration of the various AgNP 

treatment groups. Constraints determining the minimum inhibitory concentration include a minimum 3-hour delay in 

bactericidal effect from application, and a 95% eradication efficacy. Drug efficacy will be evaluated via ex vivo and in vivo 

mice experiments, with off-target toxicity effects measured via BAPC targeted immunohistochemistry, and both serological 

and organ-based tests. Repeated in vivo treatments will be performed against a control to measure the relative antibiotic 

resistance advantages this treatment proposes. As this protocol requires the use of mice, ethics approval from the Canadian 

Council on Animal Care will be obtained prior to experimentation. 

Results: It is expected that the AgNPs will be successfully encapsulated within the structurally-sound BAPCs and that the 

AgNPs will eradicate a significant amount of the MRSA present in the human body with minimal side effects. The in vitro, 

ex vivo and in vivo tests are likely to yield results that demonstrate that the most effective protocol in eradicating MRSA is to 

use AgNPs in BAPCs in conjunction with a vancomycin treatment. The proposal will likely satisfy the criteria for appropriate 

AgNP doses, which includes bactericidal effect in a time frame of hours, over 95% efficacy, and statistically significant 

reproducibility. 

Discussion: Successful BAPC mediated delivery of AgNPs prove the potential for targeted antibiotic application against 

multidrug bacteria with lower risk of antibiotic resistance compared to conventional antibiotics. This proof of concept 

protocol demonstrates the potential for applying rational design of BAPCs as a delivery vector. Certain limitations, including 

off-target toxicity and redundant targeting are issues to be cognizant of and controlled. 

Conclusion: This novel therapy can be considered as a preliminary step in overcoming antibiotic resistance. With 

appropriate modifications to the functional ligands attached to the BAPCs, the proposed drug mechanism could be applied to 

treat other bacterial strains.  
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Introduction 
Antibiotics are organic molecules capable of inhibiting 

or killing microbes through interactions specific to bacterial 

targets [1]. The first antibiotic was discovered in 1928, and 

they have since transformed modern medicine, saving 

millions of lives [2]. However, resistance has also since 

been developed against nearly all invented antibiotics. 

Antibiotic resistance has been declared one of the world’s 

most pressing global health concerns, with more than 

35,000 people dying each year in the United States due to 

antibiotic-resistant infection [3]. Due to the misuse of 

antibiotics, bacteria such as methicillin-resistant 

Staphylococcus aureus (MRSA) have seen an increase in 

antibiotic resistance over the past years to the point of being 

resistant to common antibiotics [4]. One of the causes of 

this increase in antibiotic resistance is the over-prescription 

or misuse of antibiotics. Misuse of antibiotics can serve as a 

driving force for resistance evolution, as the antibiotics do 

not stop the bacteria’s reproduction while also removing 

drug-sensitive competitors. Consequently, resistant bacteria 

have the opportunity to reproduce and thrive due to less 

competition [5]. New antibiotic-resistant mechanisms in 

MRSA can lead to higher medical costs and prolonged 

hospital stays, in addition to reducing our ability to 

overcome other common infectious diseases [6]. In serious 

cases, MRSA can lead to severe conditions such as sepsis 

or necrotizing pneumonia [6].  

For the past few decades, vancomycin has been the 

treatment of choice for MRSA [7]. However, since its 

introduction, there have been increasing reports of 

treatment failure and growing concerns of reduced 

vancomycin efficacy [8]. With the recent emergence of 

vancomycin-resistant Staphylococcus aureus, development 

of alternative treatment options is critical. A wide range of 

novel therapies are currently being engineered to target 

antibiotic resistant bacteria [9]. Although principles of 

targeted therapy are studied, its potential for application in 

bacterial resistance is vast and in need of further study. In 

this paper, we investigate the possibility of using an 

alternative targeted therapy to circumvent antibiotic 

resistance in MRSA.  

Silver nanoparticles (AgNPs) have proven to be 

effective as antibiotics with low potential for eventual 

antibiotic resistance [10]. They act as antibiotics by 

interacting with cellular structures, such as ribosomes, to 

cause bacterial dysfunction [11]. Additionally, they also 

produce high levels of reactive oxygen species (ROS) 

which inhibits respiration and growth of cells, leading to 

apoptosis [11]. When AgNPs first take action, its 

conversion into silver ions enhances its cytotoxic properties 

[12]. However, after interacting with other ions and 

proteins in the cell for 3 hours, its toxicity is eliminated 

[12]. Non-toxic silver ions which are not within a branched 

amphiphilic peptide capsule (BAPC) or MRSA will 

eventually be cleared away by macrophages [13].  

BAPCs are stable, biocompatible peptide capsules that 

can encapsulate a variety of substances including 

nanoparticles [14]. They display increased specificity, 

biodegradability, circulating time, and tunability over lipid 

vesicles [14].  Flexible in nature, BAPCs can be resized 

between 6-2000 nm with appropriate temperature 

manipulations [15-16]. BAPCs are created through the self-

assembly of two large main branched peptides, which can 

be enhanced to include various surface proteins [17]. Using 

these surface functionalization ligands, BAPCs are capable 

of targeting specific receptors on specific cells. 

Due to iron’s role as a critical cofactor for many 

different biochemical pathways, MRSA requires it for 

various growth and developmental processes. MRSA 

accesses iron through the uptake of heme and siderophores 

[18-19]. In particular, the receptors involved in heme 

uptake are IsdA, IsdB, IsdC, and IsdH [18]. Common 

ligands for these receptors include heme, hemoglobin and 

haptoglobin-hemoglobin. MRSA can also obtain iron 

through siderophore uptake, which involves the receptors 

HtsA, SirA, and CntA, with their ligands being 

staphyloferrin A, staphyloferrin B, and staphylopine 

respectively [19]. These iron uptake mechanisms are unique 

to MRSA, as human cells mainly use the transferrin 

receptors TfR1 and TfR2 [20]. 

This protocol aims to address the issue of antibiotic 

resistance in MRSA using AgNPs in conjunction with 

BAPCs as an alternative targeted antibiotic therapy. 

 

Hypothesis 

In this paper, the targeted therapeutic potential of using 

AgNPs as an alternative antibiotic by mitigating its toxicity 

through storage in BAPCs is explored. 
 

To ensure target specificity and to contain the 

mammalian toxicity of AgNPs, a select concentration of 

AgNPs will be encapsulated within BAPCs [14]. The 

peptide capsids will be engineered with iron surface 

functionalization ligands: heme, hemoglobin, staphyloferrin 

A, staphyloferrin B, and staphylopine, to target the main 

siderophore and heme uptake receptors on MRSA: IsdA, 

IsdB, IsdC, HtsA, SirA and CntA [17-18, 21]. In practice, 

this will reduce the likelihood of a resistance mechanism 

being developed by MRSA because any functional 

modifications to the iron receptors would attenuate essential 

iron uptake, leading to cellular death and dysfunction.  

Should this treatment be approved, BAPCs containing 

AgNPs will be administered intravenously in a saline 

solution. In the blood, BAPCs will be able to selectively 

target colonies of MRSA present in the body using its 

functional ligands. After being actively transported into the 

MRSA by the respective receptors, the new pH of the 

perinuclear cytosol will lead to a reduction of electrostatic 

attraction in the BAPC, releasing the AgNPs [15]. The 

released AgNPs will create ROS and hydroxyl radicals that 

stimulate the activation of the apoptosis pathway [11]. The 

toxicity of AgNPs will be neutralized through interactions 
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with cellular proteins and ions over a time frame estimated 

to be 3 hours [12]. After the MRSA’s death, it will lyse and 

release the non-toxic silver particles into the body, which 

will be taken up by macrophages and other natural host 

clearance mechanisms [13]. By encapsulating an 

appropriate dose of AgNPs within peptides, and by timing 

the death of MRSA until after the silver ions have aged and 

become non-toxic, the host organism will be protected from 

silver toxicity at all stages of treatment [12]. 

 

Methods 
Ethics Approval 

Ethics approval for this study will be obtained through 

Hamilton’s Integrated Research Ethics Board (HiREB). 

This study will be considered a student project which will 

take place at McMaster University, and a general research 

application form will be submitted. All authors on this 

manuscript will act as co-investigators for the study. 

Additionally, as a study that involves mice, ethics approval 

from the Canadian Council on Animal Care will be 

obtained prior to experimentation. Lastly, for ethical 

considerations, no in vivo testing will be performed unless 

ex vivo results are confirmed as successful. 

 

Synthesis and Encapsulation of Silver Nanoparticles 

AgNPs will be formulated through classic chemical 

reduction using sodium borohydride [22]. First, 0.2 g of 

sodium citrate will be added to 75 mL of deionized water at 

70 °C. After, 2 mL of 1% weight/volume silver nitrate and 

2 mL of 0.1% weight/volume of sodium borohydride 

solution will be added dropwise [22]. The product, a 

yellowish brown solution, will be stirred at 70 °C for 1 hour 

[22]. Removal of excess sodium borohydride will be 

performed using dialysis against distilled water for 24 hours 

using cellulose membranes [22]. Finally, 0.02 g sodium 

citrate will be used to stabilize the AgNPs [22]. AgNP  

size in this proposal is standardized to 1 nm in diameter,  

as smaller nanoparticles have been shown to display  

greater antimicrobial activity [23]. The AgNPs will  

also be spherical-shaped for stronger antibacterial  

abilities [24].  

AgNP encapsulation is planned to occur during natural 

BAPC self-assembly. Bis(FLIVI)-K-KKKK and 

bis(FLIVIGSII)-K-KKKK represent the two branched 

polymers which form the capsule, and will be dissolved in 

neat 2,2,2-Trifluoroethanol to achieve a fixed final 

calculation of 0.1 mM [25]. In this solvent, the polymers 

are helical and facilitate BAPC formation. Formed capsules 

will be dried in vacuo, and rehydrated with varying buffers 

containing concentrations of AgNP solution for 

encapsulation [16]. 

The MRSA-specific iron receptors are targeted by 

attaching functional ligands replicated from heme and 

siderophore mediators to the surface of BAPCs. Ligands 

can be attached to the surface of BAPCs through careful 

selection of chemical interactions between reactive groups 

on the peptide surface and groups present on the ligand 

[17]. In particular, hydrogen bonding can be facilitated 

between serine amino acids on BAPCs and hydroxylated 

iron ligands [26]. 

 

Experimental Groups 

Testing of the AgNP treatment aims to validate its 

potency and relative efficacy compared to standard 

antibiotic therapy, and assess its off-target toxicity levels 

and antibiotic resistance potential. 

The tests will utilize combinations of the following six 

different experimental groups (Figure 1). The first group 

will not receive any treatment, serving as a no-treatment 

control group. The second group will receive vancomycin 

as a positive control, to ensure ordinarity of the bacteria 

strain used and serve as a baseline for efficacy. The  

third group will serve as a negative control, receiving the 

empty BAPC to ensure no toxicity exists without AgNP 

treatment. The remaining three groups will receive separate 

treatments delivered via BAPCs: vancomycin alone, AgNPs 

alone, and a mixture of AgNPs and vancomycin in a 1:2 

ratio, a combination shown to be more effective than 

antibiotics alone in previous studies [27]. To ensure 

reproducibility, tests will be repeated three times. The type 

of experimental models will vary according to the test being 

conducted. 

 

In Vitro Preparation 

Determination of required potency and measurement of 

efficacy will involve in vitro preparations. Using aseptic 

technique, a small amount of MRSA from acquired frozen 

stock will be streaked with a sterile wooden applicator onto 

a small section (~¼) of a Müller-Hinton agar plate [28]. 

This process is repeated for the other remaining quadrants 

of the plate. The plates will then be incubated at 37 °C for 

16 to 24 hours [28]. 24 cultures will be prepared; 6 for 

potency and 18 for efficacy tests. 

 

Determination of Required Potency of Treatment and 

Measurement of Treatment Efficacy 

To evaluate AgNP potency—the specific concentration 

of AgNPs required to eradicate the entire MRSA 

population—two groups of MRSA strains will receive 

different bactericidal treatments (AgNPs alone, and AgNPs 

& vancomycin) [29]. From previous studies, the minimum 

bactericidal concentration of AgNPs for MRSA has been 

determined to be 64 μg/mL, and this will serve as the 

baseline starting concentration applied in treatment groups 

for cultures [30]. Flow cytometry will be used to count the 

number of surviving bacteria following application of the 

LIVE/DEAD BacLight Viability kit (ThermoFisher). To 

account for neutralization of the toxic silver particles, 

MRSA endurance will be measured at different time frames 

of 30 minutes, 1 hour, 3 hours, and 4 hours after application 

of treatments. These groups will be evaluated in 

comparison to a no-treatment control at the same time 
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intervals to study relative treatment potency. Based on 

observation of baseline MRSA concentration post-

treatment, the concentration will be varied to find the 

minimum bactericidal concentration of AgNPs at the 3-hour 

time frame target. These initial tests will be performed on 

trial-and-error cultures. Once an appropriate concentration 

is found, reproducibility testing will be performed to 

validate the findings.  

Next, to evaluate treatment efficacy—the number of 

MRSA eradicated in relation to a specific dose of the 

treatment—eighteen sample cultures of MRSA strains will 

be plated on Müller-Hinton agar, separated into three 

cultures of the above six groups (Figure 1) to ensure 

reproducibility [29]. Treatment will be measured in the 

same time intervals as previously described to control 

toxicity. Efficacy can be measured through flow cytometry, 

similar to the experiment above. 

 

 
 

Figure 1: In vitro procedural testing of various treatment groups to determine the most effective treatment. Testing of the 

efficacy of BAPCs and AgNPs are compared to no-treatment, positive and negative controls for future ex vivo and in vivo 

experiments. Testing will be conducted on cultured strains of MRSA. 

 

In Vivo and Ex Vivo Preparation 

Ex vivo experiments will be performed to test for off-

target toxicity levels and antibiotic resistance potential, 

while organ toxicity tests will be conducted in vivo. 10-

month-old healthy mice of the C57BL/6 strain, with body 

weight of 30 to 40 g, will be employed in the experiments. 

The mice will be housed individually within polypropylene 

cages with stainless steel grills for a period of 5 days in a 

controlled environment [31]. Temperature will be 

standardized to 22 ± 3 °C with relative humidity of 30% to 

70%, and a 12-hour light and 12-hour dark cycle will be 

fixed [31]. Water and rodent pellets will be supplied 

throughout the period of study.  

After acclimatizing to the environment, the mice will 

be given a MRSA adjuvant via intraperitoneal route. The 

MRSA adjuvant is prepared with 1.2 ✕ 109 CFU/ml 

MRSA culture suspended in 5% mucin of equal volume 

[31]. Experimental testing will begin only after 24 hours of 

MRSA incubation. 54 mice will be used in this study; 18 

for each test. Lung tissue will be excised and perfused in an 

organ bath for ex vivo experimentation. 

 

Treatment Toxicity Testing 

Testing for off-target toxicity levels and antibiotic 

resistance will be conducted via ex vivo experimentation to 

mimic mammalian systems. It was previously noted that 

serious MRSA infections primarily affect the lungs. Thus, 

lung tissue from mouse models infected by MRSA will be 

perfused and isolated for this purpose [18]. Treatment will 

be administered with organ baths, using the same six 

treatment groups. For identification purposes, BAPCs will 

be tagged with the exclusively human MUC1 mucin protein 

[32]. To quantify off-target effects, immunohistochemistry 

can be used to fluorescently label off-target BAPCs using 

MUC1, identifying the number of BAPCs endocytosed by 

non-target cells via microscopy.  

Next, toxicity levels of the six groups will be assessed 

through in vivo experimentation to ensure that the mice and 

their organs are still functional and not damaged (Figure 

2A). Three main tests will be performed, namely a blood 

analysis, urinalysis and an organ analysis (Figure 2B and 

C). The blood analysis has two components: a 

hematological and a biochemistry analysis. Both will be 

performed on the 14th day following a 12 hour fast [31]. 

The urinalysis is performed to test the presence of 

metabolites that resulted from vancomycin degradation 

[33]. This will be followed by an organ analysis in which 

the ratio of the weight of each organ to its respective body 

weight are compared among the six groups. A macroscopic 

evaluation of each organ will also be analyzed [31].  

 

Antibiotic Resistance Testing 

Relative antibiotic-resistant effects can be determined 

by measuring the persistence of MRSA in the lungs after 

the first, third, sixth, and ninth antibiotic applications 

(Figure 2D). Ex vivo lung tissue will be harvested and 

plated, and Gram stain in addition to microscopy counts 

will be used to quantify the amount of living bacteria 

remaining.  
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A control for each lung will be set to ensure that 

bacterial death can be attributed to the antibiotic 

application, meaning that bacteria survival is indicative of 

drug-tolerant mutations. 

 

 

 
 

 
 

Figure 2: In vivo and ex vivo testing of off-target effects and antibiotic resistance. (A) Mice infected with MRSA will be 

treated in six groups and investigated after excision of the lungs and comparing the lung-body weight ratio to acceptable 

ranges as stated in the literature. (B) Silver concentration in the blood will be measured, vancomycin metabolites will be 

tested for in urine, and organs will be harvested in vivo to test for toxic off-site effects. (C) The number of non-target cells 

containing MUC1 can be quantified via immunohistochemistry to measure the off-target effects that exist. (D) Antibiotic 

resistance can be measured by bacterial growth levels after tissue samples were cultured following designated, fixed numbers 

of treatments. 

 

Results 
It is expected that the AgNPs will be successfully 

encapsulated within the BAPC, which would be formulated 

with the appropriate surface ligands [22]. The BAPC would 

maintain its structural integrity as it travels through the 

bloodstream. It is predicted that the AgNPs will eradicate a 

significant amount of the MRSA present in the human body 

with minimal side effects. Preliminary steps include the 

determination of suitable AgNP minimum inhibitory 

concentration (MIC). Criteria for appropriate AgNP doses 

include: bactericidal effect in a time frame of hours, over 

95% efficacy, and statistically significant reproducibility. 

Given that previous studies have demonstrated that the 

minimum bactericidal concentration of AgNPs for MRSA 
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is 64 μg/mL, the expected concentration of AgNPs needed 

for the proposal is around 64 μg/mL [30]. AgNP dosage 

will be used and adjusted while testing ex vivo and in vivo. 

For the experimental groups created, it is predicted that 

the first group (no treatment control) and the third group 

(treated with empty BAPCs) will yield no changes to the 

amount of MRSA present. The treatments given to the 

second group (vancomycin treatment only) and fourth group 

(treated with vancomycin in BAPCs) are expected to kill 

most of the present MRSA. Vancomycin has previously been 

shown to have 77% efficacy; out of 35 cases, 23 were cured 

for MRSA while 12 were not [35]. Lastly, it is predicted that 

the fifth group treatment (AgNPs in BAPCs) will kill most to 

all MRSA and the sixth group treatment (AgNPs & 

vancomycin in BAPCs) will kill all MRSA present. 

Initial safety experiments will be conducted in lung 

tissue. The results of the treatment toxicity testing in both 

ex vivo and in vivo settings are expected to yield results to 

a similar degree of effectiveness as in vitro assays. Mice 

will be followed for response to conventional antibiotics, 

additional treatment, and antibiotic resistance. In vivo 

toxicity concerns must also be reviewed as outlined in the 

experimentation and guidelines cited above. The blood 

analysis should show the absence of AgNPs, vancomycin or 

BAPCs. The urinalysis should display results that indicate 

the presence of metabolites from vancomycin degradation 

in the groups that include a vancomycin treatment [33]. The 

organ analysis should display the presence of MRSA from 

the first and third groups, little MRSA presence from the 

second and fourth groups, little to no MRSA presence from 

the fifth group, and the complete absence of MRSA from 

the sixth group. Immunohistochemistry is predicted to show 

little to no BAPCs endocytosed by non-target cells. A 

preliminarily defined ratio of 5% off-target toxicity, 

measured by flow cytometry distribution of non-eradicated 

BAPC compared to total delivered, would be necessary. As 

well, no evidence of antibiotic resistance should be 

observed, as quantitatively measured through guidelines 

cited [34]. Positive results in each phase of testing will 

indicate successful therapy and potential advancement to 

clinical trials. 

To achieve these results, the study will follow a 

timeline. Due to COVID-19 concerns, actual 

experimentation is assumed to begin in 4 months due to the 

closure of laboratories.  

It is hoped that initial ex vivo results will be complete 

in a year with full results finalized and reported. It is 

planned upon in vivo testing of this treatment that results 

will be compared to the previously published toxicological 

profiles of current distributed antibiotics of varying 

strength, assessing its ability to meet FDA standards. 

 

Discussion 

This research protocol proposes a method to validate 

the alternative antibiotic therapy suggested. By assessing the 

potency, efficacy, toxicity and antibiotic resistant capability 

of this antibiotic alternative, its viability as a treatment can 

be determined. Identifying the adequate concentration and 

size of AgNPs and BAPCs will provide novel insight into 

the feasibility of administering this treatment.  

Results will be analyzed as stated in the methodology. 

Successful treatment will be defined as the ability of the 

drug to eliminate the majority of MRSA colonies within a  

3-hour time period with minimal adverse effects on the host. 

The drug’s ability to evade antibiotic resistance will be 

deemed successful if MRSA are unable to successfully 

mutate by the ninth antibiotic application. Reproducibility of 

results will suggest the consistency needed to ensure drug 

reliability. Should animal studies prove to be successful, this 

drug would proceed to phase one of clinical testing. 

Expected results are divided into three main areas of 

discussion. The first section examines ideal results in the 

antibiotic activity of the BAPC-AgNP treatment. The 

second section focuses on the implications of off-target 

toxicity in vivo. The third section discusses the treatment 

and its potential to decrease rates of antibiotic resistance 

conferral.  

Ideal results in the efficacy of this proposed treatment 

would result in significant reproducibility as well as over 

95% efficacy in bactericidal activity. While this expected 

result can be reasonably achieved in vitro, for ex vivo and 

in vivo experiments, a decrease in efficacy is to be 

expected. Vancomycin has been previously reported to 

have a 77% efficacy [35] and when using vancomycin with 

a MIC value of less than 0.5 μg/mL, a 55.6% clinical 

success rate was observed in treating bacteremia [36]. 

Vancomycin has been a cornerstone of MRSA therapy 

since the 1980s; achievement of higher efficacy and success 

has major implications for alternative antibiotic therapies 

[37].  

Excessive doses of silver nanoparticles have been 

previously demonstrated in mice to induce hematological 

and liver enzyme activity changes as well as result in an 

increase of silver accumulation in brain, lung, liver, testis, 

and kidney tissue [38]. While it is expected low doses of 

silver nanoparticles in the range between 60-200 μg/mL 

will be suitable for in vitro and ex vivo treatments, likely a 

higher dosage will be required to circumvent in vivo 

pharmacokinetics. Off-target AgNP treatments in excess of 

10 mg/kg have been shown to impact rats, increasing 

toxicity levels. [39] Evidence of AgNPs in hematological 

tests greater than this bound indicate significant ethical 

consideration is required to further pursue research and 

development. Discovery of BAPCs and/or vancomycin in 

the bloodstream would similarly raise concern, although 

safe vancomycin dosage levels are well established and are 

not expected to be of concern. 

Silver nanoparticles have also been shown to work 

effectively against multidrug resistance bacteria, and as 

applied against MRSA in this proof of concept protocol, 

can function against other bacteria as well [40]. Similarly, 

silver nanoparticle antibiotic therapy has been shown in 
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vitro to not confer antibiotic resistance in multidrug 

resistant S. aureus and A. baumanii, compared to 

ciprofloxacin, highlighting a potential decreased risk of this 

treatment for antibiotic resistance [10]. Negative antibiotic 

resistance test results from this protocol furthers evidence 

of the non-resistance conferring capabilities of silver 

nanoparticles and show its uses as a capable antibiotic. 

To our knowledge, having successful drug testing 

would result in the first demonstrations of the potential of 

BAPCs with silver nanoparticles as an antibiotic. Targeting 

different redundant cell surface receptors of bacterial iron 

uptake redundant pathways with ligands in the BAPC allows 

us to demonstrate the potential of BAPCs as a rapidly 

redesignable tool relative to conventional antibiotics to 

target specific bacterial features. The ability to control which 

bacteria are affected by the antibiotic, potential for rapid, 

rational design, as well as stability and biocompatibility 

within the body, highlight the advantages of BAPC 

mediated delivery as opposed to common antibiotics and 

common alternative therapies such as phage therapy. 

There are some possible limitations in this treatment, 

including target specificity and off-site toxicity. While our 

treatment aims to target the majority of iron receptors on 

MRSA, there are still some less commonly used methods of 

iron uptake that cannot be targeted. For example, 

xenosiderophore receptors FhuD1 and FhuD2 are difficult to 

target, as they have a wide range of siderophore ligands that 

could potentially target other beneficial bacteria too [41]. As 

well, the hemoglobin-haptoglobin receptor, IsdH, cannot be 

easily targeted as the ligand hemoglobin-haptoglobin is also 

taken up by monocytes and macrophages [41]. Despite this, 

it is expected that targeting the main methods of iron uptake 

will be sufficient to eradicate the bacteria as previous studies 

have found hemoglobin and siderophore uptake to be vital to 

MRSA growth [42]. 

Even though efforts are being made to minimize the 

toxicity of silver within the human body, it might be a 

challenge to ensure that MRSA are being consistently 

eliminated by the recommended period of 3 hours [12]. 

Should MRSA die prior to 3 hours, the released silver ions 

may cause toxic side effects. Additionally, previous studies 

have found that clearance of AgNPs can take more than 56 

days [13]. As a result, it is possible that AgNPs that have 

not been cleared away could accumulate within the body. 

Through further testing and adjustment of the amount of 

AgNPs used, toxicity will be minimized. Despite these 

limitations, it is expected that the advantages to this 

proposed treatment, such as the facilitated target selectivity, 

will ultimately outweigh the negative complications. 

 

Conclusion 

The main intent of this research protocol is to propose 

an alternative antibiotic through the joint use of AgNPs 

with surface functionalization of BAPCs to facilitate 

MRSA target selectivity. The potential application of 

AgNPs in patients with MRSA infections can significantly 

reduce the current use of antibiotics and subsequently limit 

future development of antibiotic resistance. This novel 

therapy can be considered as a preliminary step in 

overcoming antibiotic resistance, and the theory behind this 

proposed drug mechanism could be applied to other 

bacterial strains, with appropriate modifications to the 

functional ligands attached to BAPCs. Future studies could 

further explore the viability of this treatment for other 

bacterial strains. 
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