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Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Each year, Alberta produces approximately 46,000 tonnes of oat agricultural byproducts, leading to residue thatraises greenhouse gas emissions. A 2019 Canadian study also found that 110 Canadian hospitals produce up to87,000 tons of medical waste annually, which ends up in landfills, with wound bandaging waste being a leadingpolluter. Current single-use wound bandaging leads to increased waste and can cause irritation and sometimesallergic reactions. We propose a biodegradable, antimicrobial wound dressing made from oat husk cellulose, amajor agricultural byproduct in Alberta. By transforming waste into a valuable medical tool, we aim to reducehealthcare waste while creating a circular Albertan economy. We plan to engineer bacterium Bacillus subtilis toincrease production of subtilin, a natural antimicrobial peptide that targets Gram-positive bacteria, one of theleading causes of wound infections. Our engineered circuit involves an inducible promoter, ribosome bindingsite, subtilin gene, and terminator in order to ensure efficient subtilin production. Unlike traditional gauze thatacts only as a physical barrier, our solution actively inhibits bacterial growth without relying on harsh chemicaldisinfectants or PFAS-containing materials. We hope to model our plan using commercial cellulose, testing forantimicrobial effectiveness and shelf life stability. We aim to create a cost-effective, sustainable wound dressingthat protects both human health and the environment.
Keywords: Oat, wound, subtilin, Bacillus subtilis

The authors were mentored by Megan Malach, University of Lethbridge, Lethbridge, Alberta, Canada; Laura Keffer-Wilkes, University of Leth-
bridge, Lethbridge, Alberta, Canada. Please direct correspondence to: Laura Keffer-Wilkes, kefferwilkesl@uleth.ca. This is an Open Access
article, which was copyrighted by the authors and published by BioTreks in 2026. It is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and re-
production in any medium, provided the original work is properly cited.

Gauze bandages andmedical wasteGauze waste is a big discussion in the medicalfield, especially the reductionof commonbandagewaste. In the United States, a study conducted statesthe US health care system is the second largest contrib-utor of trash (Bravo, D., et al., 2022). This study focusedon the amounts of waste in surgical supplies occurringin operating rooms, primarily in hand surgeries. Thestudy was formed around the fact that approximately20% to 70% of waste is produced by operating rooms,and very little of thiswaste is recycled. Our project, OatShield, aims to solve this problem through safe dispos-able biodegradable bandages, lowering bandagewaste

levels.
Reduction of agricultural waste in a
circular bioeconomyAgro-industrial waste, including plant-based byprod-ucts such as straw, husks, and bran, is often discardedor burned, contributing to environmental degrada-tion through air pollution and inefficient resourceuse. However, these materials are rich in cellulose, abiodegradable and renewable biopolymer with broadindustrial and biomedical applications. Recent liter-ature highlights agro-industrial waste as a promisingand underutilized resource for sustainable material
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production (Carvalho, A.C.F., et al., 2025; Lackner, M.& Besharati, M. 2025).The feasibility of cellulose extraction depends heav-ily on biomass composition, particularly the relativeproportions of cellulose, hemicellulose, and lignin.These variations influence both processing efficiencyand environmental impact (Dandash, A.A., et al., 2025).Multiple extraction methods exist, including chemical,enzymatic, and mechanical approaches. While chemi-cal methods often yield higher outputs, they can intro-duce environmental concerns due to reagent use. Incontrast, enzymatic methods are more sustainable butslower, and mechanical methods require high energyinput.By leveraging oat husks as a primary input, ourproject aligns with established findings that cerealbyproducts are both abundant and compositionallysuitable for cellulose extraction. Rather than treat-ing these materials as waste, Oat Shield repositionsthem as a functional feedstock for biomedical applica-tions, reducing the environmental burden associatedwith disposal while adding value within existing agri-cultural systems.In the context of Alberta, where oat production isa significant part of the agricultural economy, thismodel supports the development of a localized cir-cular system. Agricultural byproducts are retainedwithin the province and transformed into higher-valuemedical materials, reducing reliance on imported syn-thetic products while supporting regional producers.This not only improves resource efficiency but alsostrengthens economic sustainability by keeping valuewithin local supply chains.Overall, the use of oat-derived waste in our OatShield project illustrates how agricultural byprod-ucts can be effectively repurposed within a circu-lar framework. By prioritizing balanced processing,material functionality, and system-level sustainabil-ity, this approach contributes to reducing agriculturalwaste while supporting broader environmental andeconomic goals.
Leveraging Oat-derived bandages for
maximum healingOat Shield would also help promote wound healingthrough the use of localized antimicrobials as well as asupportive bandage material. The oat cellulose-basedbandage creates a moist environment, which is crucialfor efficient healing because it supports tissue regen-eration, cell migration, and reduces scarring (Nuutila,K. & Eriksson, E., 2021). This environment also pro-motes the activity of important healing cells such asKeratinocytes,is this naturally occurring in human skinand helps heal and close the wound (WoundSource

n.d.). In addition to this, as part of our Oat Shieldbandages, engineered Bacillus subtilis would be inte-grated into the product, which produces the antimi-crobial peptide, subtilin. The use of this engineeredmicrobe, inhibits the growth of gram-positive bacte-ria, which is one of the main causes of wound infec-tions (Salle & Jann, 1945). While traditional gauze of-fers only a barrier, our design provides continual an-timicrobial activity that actively promotes healing. To-gether, these features help promote faster andmore ef-ficient wound healing.
B. subtilis strain ATCC 6633 is unique as it naturallyproduces the antimicrobial peptide (AMP) subtilin(Heinzmann, S., et al., 2006). This peptide is a memberof the lanthionine antibiotic family and is active againstGram-positive bacteria, including pathogenic bacteriasuch as propionibacteria, staphylococci, clostridia, en-terococci and streptococci. Subtilin has unusual non-standard amino acids like dehydroalanine and dehy-drobutyrine and has extensive β-methyl-lanthioninebridges. It is ribosomally produced but heavily post-translational modified before it becomes active.The use of antimicrobial peptides in the medicalfield has been a long-discussed subject, and certainproperties of AMPs are proving to be substantial in as-sisting in wound healing. Naturally occurring in hu-mans, the AMP, LL-37 has the potential to develop intoa potential antibiotic treatment (Ridyard & Overhage,2021). While it is shown that AMPs may be helpful inhealing wounds, there are still limitations that must betaken into consideration when introducing AMPs to anew environment. Factors such as the risk of overex-pression, the risk of the host body rejecting the AMP,concentration, and pH are all crucial in making surethat the AMPworks properly and does not inflict harmon the host (Mukhopadhyay, S. et al, 2025). In ourproject Oatshield we propose exposing damaged hu-man skin to B. subtilis and subtilin. While these an-timicrobial peptides are heavily studied and regardedsafe, we would still need to ensure safe conditionsbefore testing on human subjects. Our project Oat-shield displays the integration of AMP’s into the medi-cal field and truly highlights the important role ofAMPsin wound healing.

Systems level
Examining oat husk cellulose as bandage
materialCellulose is a natural polymer that can be regarded asa substrate for the production of biobased materials(Riseh, R.S., et al, 2024; Medvedeva, T.B., et al, 2023).Cellulose from oats should be purified to be utilized in
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a medical setting. Transitioning oats to have the po-tential to produce biobased products to being utilizedin medical fields contains three main steps:1. To break lignin carbohydrate complexes, oathusks should be soaked in sodium hydroxide so-lution. Lignins are complex organic polymers. Ifthey are not broken down, they can cause skin ir-ritation or an immune response if left on the ban-dage. Also, lignin physically coats cellulose, pre-venting it from interactingwith the desired chem-icals that will be imputed into the bandage.2. While large scale processing uses the HielscherUltrasonic Flow-Cell Reactor, we will use a high-speed blender, which ensures there is no morelignin attached. The alkaline oat slurry will bepumped in it to completely purify it from lignin.Although this is a recent approach, it acts as an ef-ficient and effective step to pave the way for fur-ther innovations.3. Finally, for reassurance, hydrogen peroxide willbe added to the device to ensure a residual lignincontent of <1%. If it is higher, the bandagewill notbe white or biocompatible.After the purification process, cellulose pulp re-mains. To make it usable in a medical setting, it needsto adopt certain medical characteristics that efficientbandages include such as:1. Firstly, use a blender to further to break it downinto nanofibrillated cellulose. This provides a highsurface area to the bandage to be able to absorbbodily fluids effectively.2. Then combine with a mild acid, like citric acid.Thismethod is environment-friendly. Itmakes thefibres slightly hydrophobic, preventing the ban-dage from being soggy.3. Lastly, for absolute sterility to suit medical re-quirements, the bandage will be subject to UV-C light. Additionally, the final product will becleansed with deionized water to maintain a pHof 7.A process known as wet-laying will be required tocreate the traditional gauze bandage. The processstarts off by dumping the purified cellulose into a vol-ume of water. Then the water will eventually seepthrough making the fibres interlock with each otherweakly. After that, pressure and heat or citric acidwill be applied to strengthen the bonds between thefibers to prevent the gauze bandage from falling apartfor packaging.

Antimicrobial peptide incorporation
B. subtilis is the most studied organism and serves asan effectivemodel for plenty of pathogens. It is a Gram-positive bacterium that can be found in soil and in a hu-mangastrointestinal tract. Manybacteria keep thepro-teins they produce trapped within their cell wall; how-ever, B. subtilis contains a specialized secretory path-way that allows it to produce healing enzymes calledSAPS and deliver them right to the cellulose fibres ofthe oat-based bandage to target the wound directly(Stulke, J., et al, 2023). Another perk is that B. subtilishas spores that are resistant to heat and UV radiation,allowing it to easily be incorporated into the oat gauzeduring the manufacturing procedure. Another bene-fit B. subtilis provides is that it is naturally competent,meaning it can take DNA from its surrounding envi-ronment. Finally, B. subtilis can also produce biofilms,which are bacteria held together by a self-producedmatrix. This allows the bacteria to bond strongly to-gether and with the cellulose fibres, preventing fluidsfrom washing the bacteria away on the bandage.Creating a biocomposite bandage with live bacteriaproducing AMPs is our goal. To accomplish this, wepropose two methods:1. Use the cellulose matrix to hold a high density so-lution of viable bacteria. Savitskaya et al (2019)created a biocomposite bandage made from bac-terial cellulose gel-film and B. subtilis cells. Theyfound that the cells remained viable andwere ableto inhibit the growth of pathogenic bacteria.2. Microencapsulation of B. subtilis in PVA particles,which is then incorporated into thebandagemate-rial. Ben David et al (2021) showed that B. subtiliscould be administered directly to an open woundvia PVA microparticles. They found no evidenceof irritation or infection but that effectiveness de-creased after the first week.Alternatively, if live bacteria cannot be incorporatedinto the bandage material, our goal would be to pro-duce subtilin, purify it and incorporate the AMP di-rectly. Nisin is the best studied lantibiotic and has beenin use for decades as a safe and natural food preserva-tive. Similar to subtilin, it also contains non-standardamino acids like dehydroalanine and dehydrobutyrineand has extensive β-methyl-lanthionine bridges. Pro-duced naturally by L. lactis strains, nisin is producedand secreted into the supernatant of growth medium(Suda, S., et al., 2017). Mutants of nisin have shown in-creased shelf stability against a range of pH (Rollema,H.S., et al, 1995).
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Device levelOur goal is to use Bacillus subtilis ATCC 6633 strainas our chassis to create the AMP subtilin. The sub-tilin peptide gene is part of the spa-locus (spaBTC-SIFEGRK) consisting of four transcriptional units: spaS(subtilin pre-peptide), spaBTC (for modification andexport), spaIFEG (for host immunity), and spaRK (forregulation) (Bongers, R.S. et al, 2005). They areeach controlled by promoters PspaS, PspaB, PspaI, andPspaR, respectively (Figure 1). Interestingly, the spaSpromoter is autoregulatory. As the bacteria beginsproducing subtilin, it is secreted extracellularly andsensed by the SpaK histidine kinase, which phospho-rylates SpaR, which in turn activates promoter spaS—driving more subtilin production.We will induce increased subtilin production by en-gineering a plasmid containing a heat-inducible oper-ator that would control subtilin expression. This sub-tilin would then be able to drive more subtilin pro-duction of the endogenous spa-locus. Our proposedcircuit contains the components of: subtilin peptidegene, heat-activated promotor, ribosome binding site,and terminator (Figure 2). Knowing that the ban-dage will be applied to open wounds, we examinedthe possibility of having a temperature sensitive pro-moter to turn on expression from our engineered plas-mid. The B. subtilis transcriptional regulator CtsRacts as a repressor of several stress genes by bind-ing to a directly repeated heptanucleotide operatorsequence (A/GGTCAAA NAN A/GGTCAAA). After heatshock (temperatures ~37°C), CtsR is degraded by thenative ClpCP and ClpEP proteolytic systems, allowingany downstream elements to be transcribed (Derré,  I.,et al., 1999; Grandvalet, C., et al. 2005). We decided onRBS BBa_B0030 for our ribosome binding site due toits efficient translation. Our T1 terminator from the B.amyloliquefaciens amyE genewas picked from its nearabsolute efficiency operating at a rate of >95% (Liu, Z.and Yu, X., 2025).
Parts levelIn order to produce enough subtilin for purificationand subsequent cellulose incorporation, we designed aplasmid that contains the subtilin gene and is inducibleby addition of IPTG. The backbone plasmid is pHT01and has a strong, IPTG-inducible promoter Pgrac. Thisplasmid is compatible with both E. coli and B. subtilis.We have designed the plasmid to include a His-taggedGFP - subtilin fusionwith aTEV cut site (Figure 3). Thiswill allow us to observe translation visually and helpwith purification.

SafetyAlthough B. subtilis is generally considered non-pathogenic to humans, it has occasionally been as-sociated with foodborne illness and produces poten-tially harmful extracellular enzymes such as subtilisin.While subtilisin has low inherent toxicity, repeated ex-posure can lead to allergic sensitization, particularlyin occupational settings with high concentrations (Gill,1982; Edberg, 1991). Reported effects include der-matitis and respiratory irritation, and subtilisin expo-sure is regulated by theOccupational Safety andHealthAdministration in the US and Public Health Agency ofCanada.Enzymes derived from B. subtilis, commonly used inproducts such as laundry detergents, have also beenlinked to hypersensitivity reactions, including der-matitis and respiratory distress (Norris et al., 1981;U.S. EPA, n.d.). Overall, the organism exhibits low viru-lence, and infection is rare—typically requiring eithera very high microbial load or a compromised immunesystem (Edberg, 1991; U.S. EPA, n.d.).Despite this low pathogenicity, the potential for ir-ritation or allergic response—especially upon contactwith broken skin—remains an important safety con-sideration. This is particularly relevant for applica-tions involving direct contact with wounds, wherethe risk of infection or adverse reactions may be ele-vated. Database reports further suggest that, while un-common, there is some level of individual-dependentpathogenic potential associated with B. subtilis (Bac-Dive, n.d.).Although B. subtilis is classified as a BiosafetyLevel 1 organism and is widely regarded as safe forhealthy individuals (The University of Texas at TylerEnvironmental Health and Safety, n.d.), its use inwound-contact applications—such as the proposed“Oat Shield” bandage—requires careful evaluation.Risk mitigation strategies must address both the mi-croorganism itself and its bioactive products.Importantly, the antimicrobial peptide subtilin, pro-duced by B. subtilis, targets bacterial cell membraneswithout known toxicity to human cells. However, fur-ther validation is required to confirm its safety and ef-ficacy in direct wound applications.
DiscussionsOur project demonstrates that integrating agriculturalwaste with synthetic biology offers a promising path-way toward sustainable wound care. By combiningoat husk derived cellulose with antimicrobial peptideproduction from B. subtilis, our system addresses twomajor challenges: medical waste accumulation andwound infection management.
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Figure 1. B. subtilis spa-locus consists of four transcriptional units.

Figure 2. Proposed B. subtilis enhanced production of subtilin using a heat-activated plasmid expression system to
supplement endogenous production.

We learned that B. subtilis can help wounds healmore efficiently and effectively through its productionof the antimicrobial peptide subtilin. From our results,we learned that utilizing oak husk organic waste toproduce biodegradable bandages is not only good forthe environment, but is overall more cost effective, aswe can buy the oat husks from Albertan farmers, con-tributing to a circular Albertan economy. Lastly, welearned the value of being able to discuss our projectin less scientific terms with a more economic focus fora general audience, allowing us to better communicatewith a greater variety of potential project stakeholders.Despite the overall advantages, there are several im-portant limitations to consider. One key challenge willbe maintaining cellulose bandage structural integritywhen introduced to moisture, as this is a factor inwound care. The subtilin productionmust alsobe care-fully regulated to prevent the possibilities of skin ir-

ritations from excess subtilin. The stability and shelflife must also be taken into consideration because thebandage is biologically active, meaning it contains liv-ing bacteria. Storage and transport conditionsmust beconsistent. Lastly, scaling of this product still overallrequires optimization to maintain the environmentaland economic benefits it provides.We propose several strategies to minimize thesechallenges. Firstly, the structure of the cellulose ban-dage can be improved through increased cross linkingof fibers or by reinforcing thematerial with nanofibril-lated cellulose to enhance strength under moist con-ditions (Masoud et al., 2025). Secondly, regulationof subtilin production can be done by tuning the pro-moter strength or ribosome binding site to ensurecontrolled and safe antimicrobial levels (Zhang et al.,2022). Third, to address stability and shelf life con-cerns, B. subtilis could be incorporated in its spore
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Figure 3. Proposed plasmid construct for subtilin expression using pHT01 plasmid backbone and his tagged GFP-
subtilin fusion protein.
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form, which is naturally resistant to environmentalstress, allowing for longer storagewithout loss of func-tion (Zhang et al., 2020). Packaging under sterile andcontrolled conditions can also help maintain B. subtilisviability. Finally, though we do not yet have specificsuggestions, scalability improvements will require in-vestigation into efficient processing methods with re-gard to both energy input and cost.Overall, our product is beneficial because it balancesconvenience with environmental factors. Though syn-thetic bandages are convenient to use, they are sin-gle use only and not biodegradable, contributing tomorewastage. Our product is designed tomaintain theconvenience of traditional gauze bandageswhile beingbiodegradable and making use of an existing agricul-tural waste product, reducing waste on two fronts.
Next stepsOur next steps include moving the Oat-Shield projectout of the planning phase into the prototyping phase.The prototyping phase is where we can focus on test-ing how well our B. subtilis works inside of the oat-cellulose material (our biological circuit and the oat-cellulose material). We propose three discrete re-search activities that are reasonable to be completedwithin a semester. First, we can focus on using theHielscher Ultrasonic Flow-Cell Reactor to conduct andlearn the absorbency of the cellulose matrix. By learn-ing how much fluid the fibers can hold before they be-gin to break down, we can optimize the process to en-sure that the bandage stays durable while in clinicaluse. As a second activity, we will monitor the germina-tion and growth of our biologically engineered B. sub-
tilis inside of the oat-fiber matrix. Because high con-centrations of subtilin could potentially cause skin ir-ritation and cellular stress, monitoring subtilin levelswithin the bandage is essential. This will allow us toconfirm that the spaS promoter and RBS R0 are prop-erly regulating subtilin production to maintain safeand effective levels for wound care and patient com-fort. Finally, using UV-C light, we will verify the ster-ilization protocol for the bandages. Safety is a criticalpriority, and ensuring material stability is a key stepin our process. This will allow us to confirm that thebandage is at a proper level of sterility, though we willalso have to ensure that the B. subtilis spores remainviable for future germination. This improves storageefficiency as conditions such as temperature, humid-ity, and light control do not need regulation to storeor transport our bandages, providing convenience forend users and removing considerations for scalability.Taken together, these 3 steps will allow us to demon-strate a successful proof of concept that can then be

further scaled and developed as a functional consumerhealthcare product.
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