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Patch Perfect: Guiding Collagen Deposition with an RsaA
Protein Mesh
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Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Second-degree burns damage the epidermis and part of the dermis, resulting in scar formation during woundhealing. During the proliferative phase, activation of TGF-β1 causes fibroblasts to differentiate into myofibrob-lasts, which rapidly deposit type III collagen, often poorly aligned physically, and contribute to thick scar tissue.In early remodeling, type III collagen is gradually replaced by type I collagen, and fiber organization remainsmodifiable. Unlike post-scar treatments that cannot influence collagen alignment, our approach targets scar for-mation while it is actively occurring. Wewill use Escherichia coli, a non-pathogenic bacterial chassis, to produceRsaA S-layer proteins, which self-assemble into rigid hexagonal lattices and form a temporary, two-dimensionalmesh. The proteins are then harvested and applied in an external patch. This mesh delivers nanoscale mechan-ical cues that provide contact guidance. By mimicking the structural features of the extracellular matrix, thelattice directs cell alignment, ensuring that as type III collagen is replaced by type I, the resulting fibers are or-ganized. Successful protein production will be verified using a green fluorescent protein reporter, and latticeformation will be confirmed through imaging techniques such as electron microscopy. Therefore, this projectpresents a safe, preventative strategy to reduce scar formation following second-degree burns.
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authors and published by BioTreks in 2026. It is distributed under the terms of the Creative Commons Attribution License (http://creati
vecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited.Second-degree burn wounds damage both the epi-dermis and dermis of the skin and often result inlong-term hypertrophic scar formation (Hypertrophic
Scar: What Is It, Causes, Treatment, 2021). Hyper-trophic scars are thick, raised scars that develop whenthewound healing process produces an excess of colla-gen and deposits it in a disorganized way. These scarscan tighten the skin, reduce elasticity, limit mobility,and create lasting cosmetic concerns, which highlightsthe need for strategies that focus not only on scar treat-ment, but also on scar prevention (Jeschke et al., 2020).Current treatments primarily address scars after theyhave already formed, rather than preventing themdur-ing wound healing. Common non-surgical treatmentsinclude steroid injections, cryotherapy, pressure ther-apy, and skin grafts, which can help reduce scar thick-ness or improve appearance in some cases, but of-ten do not fully prevent scar formation or restore nor-mal tissue organization (Scar Revision, n.d.). How-

ever, these methods do not directly address the un-derlying cause of hypertrophic scarring, which oc-curs during the proliferative and remodeling phasesof wound healing. Because collagen fiber organiza-tion remains modifiable during early remodeling, thisstage presents an opportunity for preventive interven-tion (Fleischmajer et al., n.d.). Our project proposes anengineered plasmid containing the rsaA gene to pro-duce rsaA S-layer proteins, which self-assemble intohexagonal lattice structures (Ford et al., n.d.). Theselattices are intended to mimic aspects of the extracel-lular matrix and provide nanoscale mechanical cuesthat guide fibroblast alignment and collagen deposi-tion (Hinz et al., 2007). Signal from a green fluorescentprotein (GFP) reporter system will be used to confirmthat the engineered plasmid is successfully producingthe RsaA S-layer proteins, ensuring that the system isfunctioning as intended. By targeting scar formationduring active wound healing rather than after the scar
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has formed, this project aims to develop a more pre-ventive approach to reducing hypertrophic scarring.
Systems level
Biological environmentSecond-degree burns trigger a complex wound-healing cascade, in which TGF-β1 signaling promotesthe fibroblast-to-myofibroblast differentiation andincreases deposition of disorganized type III collagen.During the remodeling phase, type III collagen isgradually replaced by type I collagen, but if the localenvironment does not provide proper structural cues,this process can result in hypertrophic scar formation(Fleischmajer et al., n.d.). Our proposed systemintegrates into this healing process by introducing atemporary, two-dimensional mesh composed of RsaAS-layer protein lattices during the active remodelingphase. By mimicking key structural features of theextracellular matrix, the lattice is intended to providecontact guidance that helps orient cells and organizecollagen deposition as the tissue matures (Hinz et al.,2007).
Systems-level effectAt the system level, our approach acts on multiplestages of wound healing simultaneously. It influencescell behavior, guides collagen fiber organization, andsupports more ordered tissue structure during woundhealing. Rather than replacing the natural healing pro-cess, the system is designed to shift the biological en-vironment towardmore organized collagen fiber align-ment and reduced scar development.
Individual variabilityWhile the RsaA protein lattice structure is designedas a broadly applicable, one-size-fits-all mesh, we rec-ognize that skin structure and wound-healing dynam-ics can vary across different skin types and individu-als. Factors such as tissue tension, skin thickness, andpatient-specific healing responses may influence theeffectiveness of purelymechanical guidance frompres-sure applied by the patch. However, because contactguidance is a foundational process where cells aligntheir physical shape and direct their movement in re-sponse to the physical geometry or texture of their sur-rounding environment, in this case hexagonal latticestructures, we expect the lattice to provide baselineorganizational benefits across diverse conditions. Fu-ture iterations of our system could incorporate tun-able structural or biochemical features to better adaptto specific wound environments and further optimizehealing outcomes.

Device levelThe device consists of an engineered plasmid con-taining the rsaA gene and a GFP reporter, which al-lows visual confirmation of protein expression. Thisplasmid is introduced into the non-pathogenic E. colichassis through transformation, where it directs theproduction of RsaA S-layer proteins. These proteinsself-assemble into two-dimensional hexagonal latticesthat form the basis of the proposed mesh (Charrier et
al., 2019). This hexagonal lattice structure is partic-ularly advantageous, as it mimics key structural fea-tures of the extracellular matrix, providing a repeat-ing, nanoscale structure that supports uniform colla-gen fiber alignment. After production, the RsaA pro-teins would be harvested and incorporated into an ex-ternal patch for application to the wound surface (Fig-ure 2). To improve export of the protein, the secre-tion genes rsaD and rsaEmay also be included, as thesegenes support secretion of the S-layer protein (Awram& Smith, 1998).The device is intended to function during the prolif-erative and early remodeling phases of wound healing,typically occurring from several days to a few weeksafter injury, when collagen organization is still respon-sive to external cues (Donnelly et al., 2013). In thissystem, the two-dimensionalmesh provides nanoscalemechanical guidance that influences fibroblast align-ment and helps direct collagen deposition (Figure 1).By shaping the local physical environment, the deviceis designed to supportmore organized tissue remodel-ing and reduce the likelihood of disorganized scar for-mation (Ford et al., n.d.).
Parts levelThe functional system is built from genetic compo-nents from Caulobacter crescentus and expressed in E.
coli to produce RsaA S-layer proteins. The main ge-netic component is the rsaA gene, which encodes forthe RsaA proteins that can self-assemble into a two-dimensional hexagonal lattice (Charrier et al., 2019).In addition, the RsaA protein contains a C-terminal se-cretion signal, which functions as a tag that helps directthe protein out of the cell (Ford et al., n.d)To improve secretion, the rsaA gene is paired withthe accessory genes rsaD and rsaE, which are part ofa type I secretion system. rsaD encodes a transporterprotein within the innermembrane that uses ATP (cel-lular energy) to facilitate the movement of RsaA pro-teins (Awram & Smith, 1998). rsaE encodes a mem-brane fusion protein that helps connect the transportmachinery across the periplasm, the space betweenthe inner and outer membranes. Together, rsaD andrsaE form a pathway that allows the RsaA proteins to
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Figure 1. Proposed RsaA-based strategy for reducing burn scar formation (Phases 1-4). Panels 1-4 illustrate the
design and production of the RsaA S-layer protein system. A plasmid containing the RsaA gene and a GFP reporter
is introduced into a non-pathogenic strain of E. coli, which is then used to express the protein under controlled lab
conditions. The harvested RsaA proteins self-assemble into a two-dimensional hexagonal lattice that is incorpo-
rated into an external patch and applied to a healing burn wound.

move directly from the cytoplasm to the outside of thecell, without stopping in the periplasm. These genesare likely organized as a polycistronic operon,meaningthey can be expressed together in a coordinated way(Ford et al., n.d.).
SafetyThe proposed system is designed to minimize risk byensuring that E. coli is never applied directly to theskin. Instead, the S-layer proteins produced by non-pathogenic E. coli carrying the engineered rsaA plas-mid would be harvested and incorporated into an ex-ternal patch. In addition, the harvested RsaA pro-teins would undergo purification to remove bacterialbyproducts, such as endotoxins, before incorporationinto the patch. This ensures that only the structuralprotein lattice is applied to the wound, minimizingthe risk of inflammatory or immune responses asso-

ciated with residual E. coli components. This patchwould thenbe applied to the surface of an actively heal-ing burn wound. No live bacteria will be introducedinto the wound, and the protein lattice will providestructural guidance to the healing tissue (Donnelly et
al., 2013). In addition, the mesh is intended to betemporary and self-degrading, leaving no residue afterwound healing is complete (Yehya, 2023). Rather thanaltering the natural healing process, this project aimsto support it by guiding collagen organization and fiberalignment to reduce the likelihoodof hypertrophic scarformation (Figure 2).
DiscussionsThis project aims to prevent the unorganized align-ment of collagen fibers during the remodeling phaseof wound healing, during which type III collagen isgradually replaced by type I collagen, through the use
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Figure 2. ProposedRsaA-based strategy for reducing burn scar formation (Phase 5). Panel 5 illustrates the intended
effect of the patch duringwound remodeling, where theRsaA lattice provides the topographical cues that encourage
fibroblast alignment and promote more organized collagen deposition, leading to reduced scar formation. In the
absence of the RsaA mesh, type III collagen is more likely to remain disorganized, contributing to hypertrophic
scarring.

of a two-dimensional mesh. The mesh is intendedto guide fiber orientation by providing nanoscale me-chanical cues that promote contact guidance (Donnelly
et al., 2013). By also mimicking structural featuresof the extracellular matrix, a protein network natu-rally occurring in human connective tissue, the systemmay support organized cellular behavior during heal-ing (Chung et al., 2010). Preventing disorganized col-lagen deposition could reduce hypertrophic scar for-mation, which can negatively affect mobility, comfort,and quality of life (Epidemiology of Burn Scars, n.d.).In addition, this patch system could potentially be usedalongside other approaches to scar prevention.However, the mesh may also present challenges if itinteracts with the skin or wound in unintended ways,such as causing irritation or disrupting normal healing.Because the system relies on mechanical guidance, itmay be difficult to control the exact amount of pres-sure applied by the patch and the length of time that

this pressure is maintained (Hinz et al., 2007). In ad-dition, the degradation rate of the protein mesh willneed to be tuned to match the wound healing timeline,so that mechanical guidance is maintained throughoutthe proliferative and early remodeling phases but doesnot persist longer than necessary. A future improve-ment to the design would be to optimize the patch ma-terial so that it deliversmore consistent nanoscale cuesat the appropriate stage of healing. Further testing ofmaterial properties could help refine the system andimprove its ability to guide collagen organizationmoreprecisely. Future testing should also examine how thesystem performs on wounds located over pre-existingscar tissue, since differences in tissue structure andmechanical properties may affect patch effectiveness.
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Next stepsThe next step in this project is to confirm that the rsaAgene can be successfully cloned into a plasmid, trans-formed into a non-pathogenic strain of E. coli, and ex-pressed under controlled lab conditions. To verify ex-pression, our team would include a GFP reporter andcompare fluorescence in induced and uninduced bac-terial cultures. This would provide early visual ev-idence that the construct is working before movingto more advanced testing. After expression is con-firmed, we would optimize basic culture conditions,such as incubation time and growth temperature, toimprove gene expression. These testswould help iden-tify the simplest conditions that produce the strongestand most consistent gene expression in a high schoollab setting. A later step would be to examine whetherthe expressed rsaA can form the expected lattice struc-ture and, in future work, be incorporated into a patchmaterial. However, in our current phase, the maingoal is to establish a working expression system anddemonstrate that the construct can be produced in alab setting. Thatwould create a realistic foundation forfuture testing of the protein’s structural and wound-healing potential. If successful, this project could alsobe adapted for surgical wounds, chronic wounds, orother fibrotic conditions in different tissues.
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