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DESIGN BRIEF

Designing a LANCET-based assay to diagnose melioidosis
with minimal invasiveness
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Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Melioidosis is a highly consequential infectious disease that affects an estimated 165,000 individuals world-wide. This disorder is characterized by systemic lesions, pneumonia, Gram-negative sepsis, and multi-organfailure within both its chronic and acute variants. Additionally, current diagnostic methods rely on the bacterialculturing of clinical biofluids, therefore resulting in a diagnostic delay that can outpace disease progression. Inrecognition of this issue, our project proposes the creation of a diagnostic assay based on the existing LANCETframework—a system that combines CRISPR-Cas12adetection, proximity-dependent ligation (PDL) assays, andrecombinase polymerase amplification (RPA) techniques to non-invasively detect Lyme disease—for specific,rapid, and effective diagnosis. Within this research, we aim to utilize BipD, a Burkholderia pseudomallei-specificprotein essential for pathogenesis, alongwith twohigh-affinity single-strandedDNA (ssDNA) aptamers to createan amplifiable molecular signal that can be effectively detected pre-fulmination. So far, we have computation-ally modeled different ssDNA aptamers listed in the literature that were found to have high binding affinitieswith BipD. After utilizing AlphaFold-3 software to model tertiary structures and RNAFold and EZassay to modelsecondary structures in order to develop RPA primers and monitor dimerization, we selected AptBipD1 andAptBipD13. Although we have no major conclusions so far, it has been discovered that the two aforementionedaptamers are likely best for the development of our assay. Further in silico validation and assay design is neces-sary before hands-on experimentation.
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permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.Melioidosis is a high-consequence infectious dis-ease that primarily affects lower-income tropi-cal regions across the globe. This disease often resem-bles other respiratory illnesses such as “pneumonia,tuberculosis, and pyoderma,” leading to a misidentifi-cation that impedes clinical diagnosis (Gassiep et al.,2025). Its vector, Burkholderia pseudomallei, is a soil-dwelling and Gram-negative anaerobic bacterium thatis said to be “remarkably adaptive” due to its abilityfor both antibiotic and environmental resistance (Ibra-hem et al., 2025). Especially as B. pseudomallei canbe diffused through multiple forms of contact, variousnatural disasters, and a wide scope of human activi-ties, many challenges have been posed for both pub-lic health and infection control, particularly within de-veloping countries (Mohapatra & Behera, 2025; Ibra-

hem et al., 2025). Combined with its necessity for pro-longed treatment, unpredictable clinical presentation,and renowned endemicity toward tropical and sub-tropical regions, both melioidosis and its vector proveto be incredibly dangerous to human health.Current “gold-standard” laboratory identificationfor this disease relies entirely on axenic culture fromclinical biofluids, resulting in low-sensitivity results,high incubation times, and potential misidentification(Gassiep et al., 2025). As a result, diagnosis can oc-cur after symptoms have advanced, resulting in a di-agnostic delay that can outpace disease progression.This delay can be incredibly problematic in rural ar-eas, where the most affected population comprises in-dividuals most susceptible to exposure to soil, water,or air contaminated by B. pseudomallei (Mohapatra &
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Behera, 2025). Globally, melioidosis has resulted inan estimated 165,000 human cases and 89,000 deathseach year, excluding those that have been largely un-derreported (Kaewrakmuk et al., 2023).These limitations only emphasize the need for a di-agnostic method that is not only accurate but rapid insettingswheremelioidosis ismost prevalent. Our teamplans to adapt a framework from LANCET—a diagnos-tic platformoriginally developed for the specific, rapid,and effective detection of Lyme disease—but modifiedto detect BipD, a needle-tip virulence protein in thetype III secretion system of B. pseudomallei (Selvam
et al., 2021; Nan et al., 2024). BipD primarily helps
B. pseudomallei survive inside cells by hijacking thehost cell’s E3 ubiquitin ligase complex, which eventu-ally facilitates mitophagy through the autophagy path-way to reduce the production of mitochondrial reac-tive oxygen species (Nan et al., 2024). This allows thepathogen to persist intracellularly, contributing to itsdanger and longevity. Because BipD is closely linkedto the pathogen’s ability to survive and cause infection,it serves as a strong biomarker for early detection—akey component of LANCET.Our design starts with two aptamers, AptBipD1and AptBipD13, interacting with BipD to eventuallygenerate a quantifiable molecular signal that can berapidly amplified and detected. Utilizing a mixtureof proximity-dependent ligation (PDL), recombinase-polymerase amplification (RPA), and lateral flow assay(LFA) techniques, this strategy is intended to improvethe speed, specificity, and accessibility of melioidosisdiagnosis, particularly in settings where currentmeth-ods are ineffective or rapid methods are inaccessible.
Systems levelThis project aims to construct a minimally invasive,specific, and rapid diagnostic blood test to detectthe presence of melioidosis. It follows a structuredchronological workflow derived from LANCET, a val-idated system with a similar purpose as this design,for efficiency and reliability. This is largely becausethe vector B. pseudomallei is able to spread into thebloodstream when entered into the body, resulting insevere adversities such as blood infections that affectorgans and disseminate the disease throughout the in-fected individual (Verma et al., 2026). Reliably detect-ing the presence of the crucial virulence protein BipDthrough a blood sample will both enable direct accessto the biomarker and allow for early detection beforefatal symptoms arise.After the sample is collected, the aptamers Apt-BipD1 andAptBipD13will specifically bind to the BipDprotein before being ligated by a DNA polymerase to

form a double-stranded DNA (dsDNA) product. Thisproduct will be amplified using an RPA protocol forcheap, fast, and specific results for our diagnostic pro-cedure. The amplified dsDNA will then be convertedto a quantifiable molecular signal utilizing a CRISPR-Cas12a system—a system described by the LambertiGEM team (2025) as “[an] emerging mechanism usedin point-of-care diagnostics such as at-home COVIDtesting”—for its collateral cleavage activity. The out-put will be visualized utilizing a “sandwich” LFA for ac-cessibility, efficiency, and fast results. Ideally, a posi-tive or negative result will indicate the presence or ab-sence of the analyte.
Device levelThis diagnostic procedure utilizes multiple compo-nents to detect the presence of BipD in the blood-stream. As aforementioned, these components includePDL, RPA, LFA, and CRISPR-Cas12a detection.
Proximity-dependent ligationThe initial step, PDL, will involve two single-strandedDNA (ssDNA) aptamers binding to our target proteinfor specific detection. For this research, we selectedthe ssDNA aptamers AptBipD1 and AptBipD13 by an-alyzing literature from Selvam et al. (2024) and vali-dating protein-aptamer binding complexes using com-putational modeling (see Figure 1). For our model-ing component, we utilized AlphaFold-3 software tosimulate binding between the two aptamers and BipD,aiming for an interface predicted Template Modeling(ipTM) score between 0.6-0.8 (Wee & Wei, 2024). Al-though the resultant model had a score of approxi-mately 0.15, our recognition of both the unpredictabil-ity of computational modeling and the strength ofthe literature reviewed drove our decision to utilizethe two aptamers. This is largely due to Selvam et
al. (2024) utilizing an agarose bead-based SELEXprocess—a rigorous yet specific in vitro technique—toisolate the selection of BipD-targeting ssDNAaptamersthat our chosen molecules originated from, likely re-sulting in a more controlled and dependable resultthan ours.The end result of this process will involve a dsDNAtemplate ready to be isothermally amplified throughan RPA protocol. In order to do this, T4 DNA poly-merase will ligate the complex.
Recombinase-polymerase amplificationThe second step of this diagnostic will involve isother-mal amplification of our dsDNA template utilizing RPAfor a fast, specific, and lower-cost test. Within the pro-cess, a recombinase enzyme, a strand-displacing poly-
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Figure 1. An AlphaFold-3 trial modeling AptBipD1 x
BipD x AptBipD13, with an iPTM score of 0.15. The two
aptamers are represented by the orange double helices,
while BipD is the colorful, coiled structure.

merase, and specific primers will be combined for se-lective amplification (Lambert iGEM, 2025). For thepurposes of this research, we will likely utilize theTwistDx®DNAAmplification Kit Assay DesignManualfor RPA for key parameters regarding major RPA pro-cesses.RPA, identified by Lobato & O’Sullivan (2017) as ahighly selective technique that is able to amplify ssDNAand dsDNA targets from a “wide variety of organismsand samples”, operates between 37-42°C. We utilizedEZassay software to generate optimal forward and re-verse primers, which we selected based on dimeriza-tion percentages (see Figure 2). From the software,we identified that dimerization percentages of 0-5%were “ideal”, 5-10% were “good”, 10-15% were “ac-ceptable”, 15-25%were “risky”, and percentages >30%were “less than ideal”.
CRISPR-Cas12a detection and lateral flow
assay outputThe final step of this diagnostic is the creation andvisualization of a detectable output utilizing a mix-ture of CRISPR-Cas12a and a sandwich-style LFA. TheCas12a protein is to be specifically utilized in placeof other Cas proteins due to its ability for specifictargeting, indiscriminate ssDNA cleavage, and highspecificity and sensitivity, resulting in excellent in-tegration with previous workflows (Lambert iGEM,2025). Cas12a undergoes an activation that not onlycleaves the target DNA (cis-cleavage), but also cleavesthe fluorosphere-quencher reporter (trans-cleavage),resulting in a measurable result that can be visual-ized on an LFA (Mustafa & Makhawi, 2021; LambertiGEM, 2025). Additionally, as BipD is a larger ana-lyte, a sandwich LFA is to be employed (Oldenburg,n.d.). As previously mentioned, a positive or nega-

Figure 2. A secondary structuremodel of our chosenRPA
primer, generated using EZassay software. This primer
has a dimerization percentage of 20.69% and an ampli-
con spanning 114 nucleotides.

tive result is key in indicating the presence or absenceof BipD in the tested individual’s bloodstream. Ap-propriate CRISPR RNA (crRNA) sequences will ideallybe selected through literature, and we likely will uti-lize a standard 6-carboxyfluorescein (6-FAM) ssDNAFluorophore-Quencher (FQ) for the system.
Parts level
PDL, RPA, and CRISPR-Cas12a detection
processesThe primary objective of this project was to detect andtransform a melioidosis biomarker into a quantifiablevisual output while subsequently indicating the pres-ence or absence of the disease within the bloodstreamof a susceptible individual. In order to improve patientoutcomes to detrimental infectious diseases, we—likethe LANCET framework—aimed to identify proteinsthat traditional methods such as Enzyme-Linked Im-munosorbent Assay (ELISA) and western blot tech-niques lacked the sensitivity and specificity to detect(Aydin et al., 2025; Lambert iGEM, 2025).Furthermore, we will initially promote PDL for spe-cific detection (see Figure 3). After a blood sample hasbeen taken, the selected aptamers AptBipD1 and Apt-BipD13 will specifically detect and bind to availableBipD within the biofluid, bringing the three constructsin proximity and promoting the hybridization of anoligonucleotide bridge. The formed protein-aptamercomplex will then be ligated by a T4 DNA polymerase
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Figure 3. A graphic exhibiting the workflow of our pro-
posed PDL assay.

Figure 4. A graphic exhibiting the workflow of our pro-
posed RPA protocol.

to form a continuous dsDNA product to be amplifiedwith RPA techniques.Subsequent amplification will ideally be doneisothermally, at a temperature spanning 37-42°C (seeFigure 4). We will utilize a selected RPA primer gen-erated from EZassay software, with a forward primersequence of TTTGGGGTTGTTGTTTGGTTGTGTGTTTG,a backward primer sequence of TCGTGCGAATTCGGC-TATTTGGTGGGGAC, and a dimerization percentage≈ 21%. As RPA—unlike Polymerase Chain Reaction(PCR)—appears more efficient with shorter tar-get constructs, we designed our amplicon to spanapproximately 114 base pairs (bp).Lastly, CRISPR-Cas12a detection will involve targetDNA recognition, subsequent collateral cleavage, andFQ activation to create an identifiable output (see Fig-ure 5). Similar to the LANCET framework, our targetconstruct will be identical to the dsDNA template pro-duced by the previous PDL assay to ensure optimalfunction (Lambert iGEM, 2025). Following the trans-formation of the replicated template into a detectableresult, a sandwich-style LFA will be utilized. It can benoted that, with this LFA style, the test line intensitywill correlatewith the amount of analyte present in thesample, potentially indicating disease progression aswell (Oldenburg, n.d.).
PDL construct designAfter eventually selecting AptBipD1 and AptBipD13through literature analysis and computational valida-tion, we generated forward and backward primers onEZassay software and modeled secondary structures

to monitor dimerization rates. We then created a cor-responding design that we aim to integrate within ourPDL assay, in which we obtained explicit consent fromthe 2025 Lambert iGEM team to utilize their linker re-gions, BBa_25SC2X09 and BBa_2537R5AB, in our ss-DNA probes (see Figure 6).
SafetyDue to its prominent characteristic as a highly infec-tious vector, incorporating a secure and stable systemis key when experimenting with B. pseudomallei (Ibra-hem et al., 2025). In order to prioritize safety andmiti-gate risk of undesirable contact, this projectwill rely onnon-infectious components of B. pseudomallei—suchas a purified form of its BipD protein rather than alive form—with any necessary pathogen-related workto be conducted in appropriate laboratories followingstrict biosafety protocols. All laboratoryworkwill takeplace in biosafety level-1 (BSL-1) or BSL-2 facilitiesequipped with adequate ventilation, sufficient person-alized protective equipment, and functional sanitationfacilities. Early-stage development of the system willemphasize in silicomodeling and simulation to both re-duce laboratory risk and to promote validation prior to
in vitro testing.Additionally, the usage of crucial laboratory equip-ment such as personalized protective equipment,biosafety cabinets, and properly sterilized instrumentswill further minimize exposure and risk of contami-nation when experimenting in vitro. All procedureswill adhere to biosafety guidelines set by the Centersfor Disease Control and Prevention, appropriate statelaws, and general safety knowledge regarding decon-tamination and post-lab disposal.
DiscussionsOurwork explores a unique approach to diagnostics bytransforming the presence of a crucial virulence pro-tein into a quantifiable molecular signal to be detectedthrough an accessible means. Although the severity ofmelioidosis can be seen through its staggering deathrate of approximately 90% in some regions, researchon the disease and its vector has unfortunately notbeen expanded upon enough to bridge crucial gapsin effective treatment and diagnosis. Our proposedproject aims to help bridge critical diagnostic gaps toenable fast and effective treatment. To address theseshortcomings, we propose a novel diagnostic designedto overcome the speed, limitations, and inaccessibilityof current methods.First, the proposed PDL assay, adopted from theLANCET framework, exhibits a promising solution byenabling rapid detection of B. pseudomallei. In our
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Figure 5. A graphic exhibiting our proposed workflow of the CRISPR-Cas12a system.

Figure 6. A construct design for our proposed PDL
assay. This design involves a constant region and a
linker region surrounding each aptamer sequence. Apt-
BipD1 and AptBipD13 are to be specifically utilized
within this construct, alongside the 40 bp linker regions
BBa_25SC2X09 and BBa_2537R5AB.

modified design, the target protein will be BipD, a B.
pseudomallei-associated virulence protein, rather thanCspZ. By utilizing BipD and the two ssDNA aptamersAptBipD1 and AptBipD13, the system can produce anamplifiable and quantifiable signal before serious dis-ease progression, which is a key aspect that currentmelioidosis diagnostics lack.Moreover, the integration of RPA further promotesthe assay’s speed and accuracy, with greater accessi-bility and affordability than PCR. This is because RPAis isothermal, leading to less energy utilized and there-fore to lower-cost products, which proves to be in-credibly advantageous in rural clinical settings whereearly intervention and detection are critical for sur-vival. Conversely, the reliability of aptamer bindingmust be thoroughly validated, as factors such as envi-ronmental conditions andprecise techniquemay affectassay performance (Hammond & Marley, n.d.).Key limitations within the proposed project include

potential aptamer dimerization leading to signal dis-ruption, as well as the unreliability of in silico test-ing in determining crucial characteristics such as bind-ing. Variability in protein folding and sample compo-sition in real-world settings may further impact bind-ing efficiency. We additionally recognize that crucialprocesses for this diagnostic—PDL, RPA, LFA, and po-tentially PCR—may not be as accessible to individualswithin melioidosis-prone areas, due to higher chancesof resource discrepancies and funding gaps regardingdiagnostics and their subsequent processes.
Next stepsTo further develop and validate the proposed PDL-based diagnostic system, multiple next steps can beundertaken. A primary objective is the validation ofBipD aptamer interaction through a comprehensiverapid review, establishing the foundation required forthe diagnostic platform. A subsequent objective is
in vitro validation utilizing a similar protocol as the2025 Lambert iGEM team, in which our PDL assaywill be employed and subsequent PCR or quantitativePCR (qPCR) may be facilitated to validate primer effi-ciency prior to RPA amplification. Amplification suc-cess may be assessed using gel electrophoresis to ver-ify assay activity. In parallel, a target-specific designof the CRISPR-Cas12a detection module may be in-dependently developed and tested. This involves de-signing crRNA sequences complementary to the am-plified dsDNA template, followed by an assembly ofthe Cas12a-crRNA complex. We additionally aim tothoroughly develop, validate, and experimentallymod-ify all additional proposed designs and workflowsthrough hands-on experimentation. We also see thatthe creation of future diagnostic prototypes may be
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incredibly helpful in further understanding our de-signworkflowsandeffectively implementing trial-and-error feedback loops.
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