
BioTreks, 2026, Vol. 8: pp. 61–71 e202613
DESIGN BRIEF

Low-cost visual diagnostic for colorectal cancer via
bacterial detection of kRAS, TP53, and APC mutations
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Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Colorectal cancer (CRC) is the secondmost commonly diagnosed cancer, with an estimated 154,270 individualsdiagnosed in 2025 alone, and 52,900 deaths in the US. Yet of all Americans, only 60% of the at-risk populationwill be tested. This hesitancy is in part due to current diagnostic methods (e.g., fecal immunochemical testing,colonoscopy, computed tomography colonography), which are either expensive, invasive, or require both spe-cialized medical equipment and operational expertise. Live biologic-based diagnostic technologies show greatpromise for closing the diagnostic gap in CRC. In particular, a sensor capable of detecting genetic mutants thatemploys the chassis organism Acinetobacter baylyi (A. baylyi). This bacterium acquires DNA from its environ-ment, such as the gastrointestinal tract. When combined with a modified CRISPR counterselection system, thisorganism can detect critical mutations in the kRAS oncogene with extraordinary specificity, capable of distin-guishingDNAbase pair alterations. Here, we developed a design for a novel diagnostic technology, which detectsthree of the most prevalent CRC-associated gene mutations (APC, TP53, and kRAS) while fixed within a calciumalginate hydrogel applied on a nondigestible pill. This results in the expression of an AmilCP reporter, allowingfor a color change in the presence of genetic mutants. This biologic system aims to minimize the diagnostic gapof CRC by facilitating easy at-home detection and providing patient-interpretable results.
Keywords: Biosensor pill, CRISPR-Cas3 detection, colorectal cancer screening, Acinetobacter baylyi, cell-freeDNA, cfDNA, CRISPR

The authors were mentored by Kaitlin M. Dailey, PhD; University of Rhode Island, College of Pharmacy, Kingston, Rhode Island, United States of
America; Legorreta Cancer Center at Brown University, The Warren Alpert Medical School, Brown University, Providence, Rhode Island, United
States of America; Rhode Island IDeA Network of Biomedical Research Excellence, University of Rhode Island, Kingston, Rhode Island, United
States of America. Please direct correspondence to: KaitlinDailey (kaitlin.dailey@uri.edu). This is anOpenAccess article, whichwas copyrighted
by the authors and published by BioTreks in 2026. It is distributed under the terms of the Creative Commons Attribution License (http://crea
tivecommons.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.Cancer is one of the most prevalent causes of deathworldwide, accounting for 613,349 recordeddeaths in the US alone during 2023 (Cancer Data andStatistics | Cancer, 2026). Colorectal cancer, or CRC,is the second most common cause of cancer death -largely due to the lack of early diagnosis (ColorectalCancer Statistics, 2023, n.d.). During the early stagesof CRC, it is very easily treatable, and can have up toa 91% 5-year survival rate when the cancer is stilllocalized, which is why it is best for the cancer tobe detected as soon as possible (Colorectal CancerSurvival Rates | Colorectal Cancer Prognosis, 2026).However, when the cancer spreads to other parts ofthe body in later stages, the 5-year survival rate drops

to approximately 8% (Table 1). Unfortunately, only1 in 3 cases are diagnosed during the initial stages(I and II), when the cancer is still localized (AboutColorectal Cancer, n.d.). This is largely attributed tolack of patient compliance with recommended CRCscreening processes. In fact, the CDC reports thatapproximately 33% of adults aged 50-64 have anoutdated CRC screening (Use of Colorectal CancerScreening Tests | Colorectal Cancer, 2025). This lackof regular screening is at least in part due to currentCRC screening methods’ complexity and invasiveness.In 2005, a multi-institution surveyed 660 patientswith open ended questions regarding CRC screeningbarriers (Devers et al., 2010). 74% responded that the
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Table 1Relative five year survival rate for CRC patientsby stage (adapted from (O’Connell et al., 2004))

Stage 5 Year Survival Rate1 >90%2 82%3 60%4 8%
most important barrier to CRC screening was fear oranxiety surrounding the process. This design aims toencourage patients to get screened by helping themevaluate their risk factor for acquiring this disease.Here, we describe a live pill (Figure 1) able to de-tect biomarkers of CRC, which is meant to provide acost effective, user-friendly, at-home testmeant to helppatients analyze their risk factor. Although this deviceis not intended to replace the current clinical standardcare, it will detect common signs of CRC or precancer-ous lesions - thereby providing prescreening, address-ing both primary care provider case load and patientfinancial burdens. Based on whether these biomark-ers are detected, the patient can make an informed de-cision about the need for further medical attention. Akey feature of this pill is the ability to detect CRC andprecancerous lesions during their early stages whenthe cancer is still localized and therefore easier to treat(e.g., polypectomy). CRC is a very treatable disease ifdetected and treated early enough, thus this novel in-tervention will directly have a positive patient impact.Briefly, to detect CRC, the pill is ingested orally andsubsequently moves through the digestive tract intothe large intestine. During transport, the pill repeat-edly incorporates exogenous DNA from its environ-ment (the colorectal organs) and detects sequencevariants indicative of CRC. The system uses A. baylyi asa bacterial chassis, genetically engineered to serve as aliving biosensor. A. baylyi has demonstrated a naturalcapacity to acquire DNA from its environment. Whenthis ability is harnessed and connected to an amilCPreporter, it can thus be engineered to express amilCPupon exposure to certain genetic mutations that of-ten serve as CRC biomarkers. When these biomarkersare detected, the pill will turn a dark blue color. Af-ter defecation, the user will be able to determine if thepill has detected indicators of CRC through this visiblecolor change. The biomarkers chosen (APC, TP53, and
kRAS) are all genes that are typically mutated in theearly stages of CRC. APC and TP53 are both tumor sup-pressor genes that, when mutated, fail to stop the un-controlled proliferation caused by kRAS. These geneticmutations are present in over 90% of CRC cases, mak-ing them a valuable biomarker (Su et al., 2024). This

Figure 1. Showcasing the structure and layers of the pill.

design aims to overcome the challenges faced by at-risk populations in screening for CRC and thus reduceCRC mortality rates.
Systems levelHere, a conceptual architecture for detecting colorec-tal cancer-associated DNAmutations and generating avisible colorimetric output is presented. This systemcombines thenatural competencyofA. baylyi to takeupDNA with a CRISPR-Cas3-based counterselection sys-tem to reduce potential false positives as well as with agenetic ‘landing pad’ within the cell to detect the pres-ence of the mutated sequence via homologous recom-bination (Figure 2). We selected the Type I-F Cas3 nu-clease over canonical Cas9 for its dual advantages indelivery and mechanism. Because Cas3 is endogenousto the host cell, it bypasses the requirement for com-plex heterologous delivery systems. Furthermore, un-like the localized double-strand breaks characteristicof Cas9 or Cas12, Cas3 drives processive DNA degra-dation. Although less suited for high-precision editing,this robust degradation is ideal for our application, asit eliminates wild-type genomic DNA and prevents un-intended homologous recombination, effectively low-ering false-positive rates. A second, transcriptionallycontrolled reporter sequence then colorimetrically in-dicates the presence of a mutation. Together, thesecomponents enable a non-invasive, macroscopic indi-cation of disease-associated mutations within the gas-trointestinal tract.Following oral ingestion, the capsule passes throughthe stomach and into the intestinal tract, where en-vironmental conditions enable the enteric coating todissolve. CfDNA fragments of colorectal cancer includ-ing those associated mutations are shed from intesti-nal adenomas and can diffuse into the pill to interact
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with the engineeredA. baylyi sensors. Wild-type targetgene sequences are eliminated via CRISPR-Cas3 coun-terselection mechanism, and only mutated genes areallowed to interact with the detection system. Upontarget sequence recognition, the detection module ac-tivates gene expression pathways that drive pigmentproduction. This ultimately results in a visible colorchange within the pill, serving as the system’s outputsignal.
DNA uptakeThe intake of nucleic acid sequences represents thefirst step of the design. A. baylyi is naturally compe-tent, meaning it can take up DNA from its environ-ment. When this capacity is paired with the diffusionof cell-free DNA (cfDNA) shed from the intestinal wall,DNA is taken up as short, digested 100–200 bp double-stranded sequences (Matov, 2024). Once the DNA isinside the cell, it can proceed to the next step. How-ever, this poses a challenge: the availability of high-quality DNA impacts sensor effectiveness. Given thedetection system’s reliance on homologous recombi-nation, insufficient longhomologous regions (e.g., frompoor fragment length orDNA integrity) hinder the abil-ity to verify gene identity and thus directly contributeto avoidance of both false negatives and false positives.
Selectivity via CRISPR counterselectionFollowing A. baylyi DNA uptake, a degradation stepis utilized. Here, a CRISPR counter selection systemdigests wild-type genes to prevent false detection ofwild-type sequences. Guide RNAs (gRNAs) are de-signed to specifically target and initiate digestion ofthe wild-type gene of interest and to place the tar-geted mutant gene site of interest in direct proxim-ity to the Protospacer Adjacent Motif (PAM) site - en-abling highly specific Cas3 digestion. When A. baylyitakes up a mutated version of the gene, Cas3 is unableto degrade it due to an inherent lack of sequence ho-mology, thereby facilitating detection. By leveraginga CRISPR/Cas3 system to degrade wild-type DNA col-lected from the gastrointestinal tract, these sequencesare prevented from undergoing homologous recom-bination, thereby enhancing sequence specificity andlimiting potential false positives. By selecting Cas3 asour degradation pathway over the more common Cas9or Cas12, we are able to take advantage of existingCRISPR systemswithin the cell. Also, Cas3 digests DNAnot through a double-strand break, but by shreddingDNA,whereby the Cas complex reels up one of the DNAstrands, and Cas3 digests the other strand into short10-nucleotide segments (Künne  et al., 2016). The sizeof these fragments entirely inhibits the opportunity forhomologous recombination, unlike the double strand

breaks of Cas9 which leave long sections of homolo-gous DNA.
Recombination based detectionOnce the biomarker DNA sequence ( kRAS, APC, TP53)has passed through the counterselection system, it in-teracts with prepared genetic landing pads at a neu-tral cellular loci. These sites consist of homologyarms specific to the target biomarker gene, allowingfor recombination-sensitive control of downstreamex-pression via a TetR repressor. The TetR repressor sup-presses the bacterial reporter site. When the mutatedgene is present, it can undergo homologous recombi-nation with the corresponding homology arms subse-quently resulting in the repressor sequence removal.
Reporter activationThe reporter sequence is activated upon removal of therepressor sequence. The reporter is located at a sec-ond neutral locus in the genome consisting of a PLtetO-
1promoter - notably repressedbyTetR inbaseline con-ditions. Upon repressor sequence removal from a suc-cessful recombination event, the promoter becomestranscriptionally active leading to the production of avisible pigment.
DeliveryThe engineered A. baylyi are encapsulated within analginate matrix, which serves as immobilization whilestill facilitating exposure to cfDNA fragments via diffu-sion. When the detection system is activated and thereporter is expressed, a visible color change can be de-tected on the surface of the capsule. The alginate gel iscovered in an enteric coating selected to withstand thegastric environment and dissolve in the higher pH en-vironment of the small intestine, where the target nu-cleic acids are more likely to be encountered.
Device levelThe physical architecture of the pill is engineered to fa-cilitate a ‘lab-on-a-chip’ - effectively integrating com-plex diagnostic workflows into a miniaturized, au-tonomous platform capable of operating within thecomplex environment of the human gastrointestinaltract. The primary engineering challenge for the de-vice is therefore maintaining high permeability for en-vironmental DNA, while ensuring robust biocontain-ment of the genetically modified A. baylyi.
Chassis bacteriaIn order for the user to identify a positive result andthus an indication of predisposition for CRC disease,we selected the chassis bacteria A. baylyi engineered
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Figure 2. Schematic overview of mechanical processes behind the proposed detection method.
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to emit an indigo color after exposure to a biomarker(e.g., geneticmutation of choice). A. baylyiwas selectedbecause of its natural competency, meaning it is ableto take in DNA from its environment without any ar-tificial catalysis or intervention. Here, we have genet-ically engineered A. baylyi to act as a living biosensorconnected to an amilCP reporter and a detectionmech-anism. This schematic facilitates straightforward ex-pression of amilCP when biomarkers are present.
The immobilization matrixA calcium alginate hydrogel is utilized as the primaryimmobilization scaffold. Alginate, a polysaccharidederived from brown algae, undergoes rapid gelationwhen exposed to divalent cations like Ca2+. This ma-trix creates a fibrous network with pores ranging from5 to 100 nm. Because the DNA fragments shed by col-orectal tumors are roughly 50-60 nm in length (typi-cally 150-200 base pairs), the hydrogel remains per-meable to the target biomarkers while physically trap-pingA. baylyi, which are1 to1.5 µm in length. This size-exclusion principle ensures that bacteria cannot enterthe gut microbiome, minimizing the risk of horizontalgene transfer.
Protective coatings and pH stabilityTo address the extreme stomach acidity (pH=1.5-3.5),which can lead to alginate shrinkage and degradation,the device incorporates a cellulose-acetate-based coat-ing. Cellulose-acetate is a biocompatible, semiperme-able plastic that is able to survive the acidity of thestomach and pass through the neutral pH of the in-testines (Vidal-Romero et al., 2021). Due to its semi-permeability, this coating allows nutrient diffusion,thus keeping the chassis bacteria alive while simulta-neously facilitating the diffusion of cell-free DNA. Thislayer is crucial for maintaining the viability of A. baylyiwhile the pill travels towards the more neutral pH ofthe large intestine, where tumor DNA largely accumu-lates.
Surface area optimizationTo maximize the probability of a ‘capture event’ be-tween a bacterium and a rare mutant DNA fragment,this device is designed with a textured surface. Asan alternative to a smooth coating, we propose us-ing alginate beads packed into a semi-permeable cap-sule. This significantly increases the effective surfacearea for diffusion, ensuring that the limited transit timethrough the colon is sufficient for the bacteria to takeup the DNA and trigger the CRISPR-Cas3 counterselec-tion mechanism.

Parts levelEarly and accurate detection of tumor-associated mu-tations at the base-pair level is critical for improv-ing patient outcomes. However, distinguishing be-tweenwild-type andmutated sequences remains a sig-nificant challenge because of the inherent high levelof similarity - most mutations consist of single letterpolymorphisms (SLP) in critical genes (Giglia & Chu,2016). To address this issue, the color-change mecha-nism of the pill employs amodular design consisting ofdistinct elimination, detection, and reporting compo-nents. By coordinating these elements, the systemcon-verts molecular recognition events into a detectablesignal. Tobetter understand the rationale behind thesedesign choices and evaluate system performance, anin-depth analysis of each genetic component is pro-vided below. A schematic representation of the pro-posed system is included in Figure 3.
CRISPR counterselectionCRISPR-based elimination is a critical step in the sys-tem, as it reduces false positives by selectively degrad-ing wild-type sequences via Cas3 activity. Once de-graded, these wild-type sequences are unable to inter-act with downstream components. To implement thissystem, genetic constructs containing the CRISPR ele-ments were assembled and transformed into A. baylyi.
Successful integration would be verified using colonyPCR (Cooper et al., 2023), ensuring that no selectionsequences were incorporated that could interfere withpigment production.
Integration homology armsTo integrate the genetic construct into the A.baylyigenome, specialized homology arms were designed toensure that genomic insertion did not disrupt cellularviability or essential functions. These arms (~1000bp) were selected to target non-essential genomicregions. The CRISPR construct replaced segmentsof genes ACIAD_2185, ACIAD_2186, and ACIAD_2187(Cooper et al., 2023).
Native promoter
A. baylyi already encodes the necessary machineryfor a Type I-F CRISPR system, a native promoter isused to drive expression of the engineered CRISPRRNA (crRNA). This approach minimizes discrepanciesbetween endogenous and introduced CRISPR compo-nents, avoiding issues associated with under- or over-transcription. Specifically, the 684 bp region upstreamof the native CRISPR locus is then utilized and has beenshown to function effectively (Cooper et al., 2023).
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Native repeatA native repeat sequence is incorporated to ensureproper crRNA processing by host machinery. Upontranscription, these repeats form characteristic hair-pin loop structures required for recognition and cleav-age by processing enzymes such as Cas6f to preparethe crRNA for use by Cas3.
crRNA spacer targetThe CRISPR spacer sequence is derived directly fromthe target genes that are known biomarkers for CRC(Cooper et al., 2023). These 33 bp sequences were de-signed to place mutation hotspots (e.g., KRAS G12D)in close proximity to the protospacer-adjacent motif(PAM), thereby maximizing targeting specificity anddegradation efficiency.
Detection moduleFollowing elimination of wild-type sequences, mu-tated sequences (which are biomarkers of CRC) pro-ceed to the detection stage. Using sequence-specifichomology arms, the system enables recombination-mediated removal of an embedded repressor se-quence. Loss of this repressor allows activation of adownstream promoter, which in turn drives expres-sion of a reporter gene encoding a chromoprotein.
Integration arms into neutral site 1
(ntrl1)The detection module was integrated into a knownneutral genomic locus (ntrl1) in A. baylyi, where in-sertions do not compromise cellular viability. Homol-ogy arms (~1000 bp each) flanking the construct facil-itated recombination into this site. The detection con-struct would replace gene ACIAD_2826 (Cooper et al.,2023).
Target gene homology armsTo ensure specificity, 1000 bp homology arms cor-responding to regions flanking the target gene (e.g.,
KRAS) were incorporated into the detection construct.These sequences guide homologous recombinationevents, reducing the likelihood of false positives andnegatives by restricting recombination to the intendedgenomic target.
TetR repressorA TetR repressor cassette will be positioned betweenthe homology arms to regulate reporter expression.TetR binds its operator with high affinity (Kd ≈ 10⁻¹²)in the absence of anhydrotetracycline (aTc), effectivelyrepressing transcription (Ramos et al., 2005). How-ever, experimental observations (Cooper et al., 2023)

indicated that wild-type TetR was overly repressive,leading to false negatives. Amodified TetR variantwithreduced binding affinity, featuring an 8-amino-acid C-terminal extension and aW75Rmutation, was isolatedand experimentally shown to function (Cooper et al.,2023).
Reporting moduleFollowing successful recombinationand removal of theTetR repressor, intracellular TetR levels rapidly de-crease, permitting activation of the reporter construct.The system is optimized to maximize chromoproteinproduction by combining a strong inducible promoter,an efficient ribosome binding site (RBS), and a robusttranscriptional terminator.
Integration into neutral site 2 (ntrl2)A second set of homology armswas chosen to integratethe reporter construct into another neutral genomiclocus (ntrl2), ensuring no detrimental effects on cellviability. This integration replaced regions of genes
ACIAD_1076 and ACIAD_1077. (Cooper et al., 2023).
P_LTetO-1 promoterThe P_LTetO-1 promoter, a well-characterized TetR-repressible promoter, was selected for its strong tran-scriptional activity and compatibility with the modi-fied TetR variant. Its performance in prokaryotic sys-tems has been extensively characterized (Lutz & Bu-jard, 1997)
Ribosome binding site (RBS)
(BBa_B0030)While a strong promoter enhances transcription, effi-cient translation requires a high-performance Riboso-mal Binding Site (RBS). The BBa_B0030 RBS was se-lected due to its well-documented strength and relia-bility in promoting high levels of protein expression in
E. coli and related systems.
AmilCP reporterAmilCP, a blue-purple chromoprotein derived from
Acropora millepora, was chosen as the reporter due toits distinct and easily distinguishable coloration. Thegene was codon-optimized for expression in A. bay-
lyi as A. millepora is a corals. Its blue color providescontrast against typical backgroundpigmentation (e.g.,brown, yellow, or red tones) found in the intesti-nal tract, thus facilitating visual detection. Further-more, AmilCP serves as an excellent candidate for spec-trophotometric quantification. Its distinct absorbancemaximum (λMax) at 588 nm enables the straightfor-ward assessment of translational efficiency.
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Figure 3. Schematic representation of genetic constructs
for proposed sensor bacteria.

Rho-independent terminator
(BBa_B0015)To ensure efficient termination of transcription andprevent read-through into downstream regions, the
BBa_B0015 double terminator was chosen. This well-characterized rho-independent terminator enhancestranscriptional efficiency and helps concentrate cellu-lar resources on reporter production (Do, et al., 2025).
SafetyWhen constructing biological designs, certain designrisks are required. These risks must be carefully con-sidered and, through careful design, mitigated and,whenever possible, eliminated. The capsule in thiscase comes with some inherent risks as all transgenicorganisms pose a potential environmental contamina-tion risk. This particular organism and system carriesadditional risk associatedwith the ferromagnetic core.However the benefits of the ferromagnetic core, be-ing that one will not have to dissect their feces, heav-ily outweighs any concern (Figure 4). This is becausethe ferromagnetic core will attract magnetic materialmeaning a magnet can be passed over any waste andthe pill can easily be found for a quick color analysis.Here, through intentional and careful design, we de-tail plans to minimize these inherent risks. Althoughthese risks do warrant acknowledgment the potentialbenefit far outweighs them by offering an opportu-nity to significantly increase the proportion of high riskgroups which undergo regular screening, in particularin resource-constrained environments.

Potential risks associated with A. baylyiAs an Acinetobacter, A. baylyi are largely consideredharmless environmental organisms found in soil andwater (Santala & Santala, 2021). The genus does how-ever contain a few opportunistic pathogens, most no-tably Acinetobacter baumannii, which is known for in-volvement in antibiotic-resistant infections. However,
A. baylyi is considered a soil pathogen and has beenproven to be largely safe in most circumstances (San-tala & Santala, 2021). It is worth noting, in a 2008study six highly immunocompromised patients werereported to have A. baylyi in their system (Chen et al.,2008). This was attributed to Actinobacteria’s gen-eral tendency to form biofilms within medical equip-ment and subsequently becoming an opportunisticpathogen. This intervention was designed with thiscontext inmind to avoid infection by entrappingA. bay-
lyi within an immobilizing alginate matrix. However,as a safety precaution this pill would not be clinicallyrecommended for immunocompromised or high-riskpatients.
Ferromagnetic concern: magnetic
resonance imaging (MRI)The minimal quality of the ferromagnetic material atthe core of the pill, while small, could be sufficient todisrupt medical devices that depend on interactionswith magnets or very high electromagnetic fields (e.g.,MRI). In these situations, the amount of material in-side the pill may pose an elevated risk of physical harmto the recipient as a result of rapidly accelerating (Es-hed et al., 2010). As a result, it would be heavily con-traindicated to have anMRI scanwhile the pill was stillpresent in the GI tract. For additional safety, proxim-ity to high electromagnetic fields would be against thesuggested protocol with patients receiving thoroughcompliance counseling.
Allergen responseFerromagnetic materials can elicit an immune re-sponse in individuals with metal-induced hypersensi-tivity (McKee&Fontenot, 2016). A condition similar toautoimmunity, metal-induced hypersensitivity occursmore frequently in immunocompromised people dueto T-cell sensitization. In an attempt to avoid this, thecore is encased in a variety of barriermaterials such aspolypropylene, chitosan, and finally a high density al-ginate, minimizing the majority of the risk of immuneresponse (Küçük   et al., 2025) while also ensuring theviability of the sensor bacteria.
Genetic environmental contaminationGenetic Contamination is commonly a high concern forany synthetic biological design. The risk associated
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Figure 4. Schematic of the pill retrieval system, show-
casing the ease and cleanliness of using amagnet to find
the pill.

with the transfer of antibiotic resistance genes, unnat-ural expression, virulence material, and biosynthesispathways, giving rise to atypical phenotypic traits posean inherent risk. A solution to these problems wouldbe to implement biocontainmentwith a ‘kill’ switch viaauxotrophy or timed expression construct (Chan et al.,2016). By neutralizing the bacteria naturally follow-ing activation of a specific genetic circuit for exampletriggered by an included activator subsequently limitsthe bacterial lifespan. Again, the use of an immobiliza-tion matrix aids in safety by ensuring the containmentof any modified bacteria within the matrix where ge-netic information is less likely to migrate out from thecell. We further forgo the option of antibiotic resis-tance genes entirely, instead employing methods suchas colony PCR we can screen for successful transfor-mants without introducing antibiotic resistance genes

which could also pose a threat to the production of thechromoprotein.
DiscussionsThe transition of synthetic biology from laboratory-bound systems to real-world medical diagnostics re-quires a fundamental shift in howwe approach patientinteraction and biomarker stability. By engineeringa living genosensor capable of autonomous detectionwithin the gut lumen, we address the critical ‘trans-lational gap’ that currently hinders colorectal cancerscreening efforts. This section evaluates the clinical ra-tionale behind choosing a DNA-based detection modeland examines how this technology serves as a low-barrier triage tool compared to traditional diagnosticstandards.
Addressing the screening fearThe current diagnostic standard, colonoscopy, is highlyaccurate but suffers from low patient compliance dueto its invasive nature and the requirement for bowelpreparation. While fecal tests, such as Fecal Immuno-chemical Testing (FIT) orCologuard, offernon-invasivealternatives, they often rely on detecting hemoglobinor broad metabolic changes that lead to false posi-tives from diet or inflammation. Our device addressesthis by targeting somatic mutations like (kRAS, TP53,and APC) which are definitive signatures of neoplas-tic growth and thus considered biomarkers for CRC.By providing an at-home, low-cost solution, we aimto identify high-risk individuals who would otherwiseforgo screening-funneling them toward necessary clin-ical interventions. Mitigating operational and financialburdens on primary care infrastructure, while provid-ingmore accessible screening pathways that are lowercost and circumvents systemic barriers many unin-sured and underinsured demographics when seekingscreening.
Rationale for DNA-based sensingWe opted for a genosensor over protein-based biosen-sors for three main reasons. 1) Stability: Proteins arerapidly denatured and digested by the harsh enzymesof the GI tract. However, DNA is remarkably resilientand can be recovered from fecal matter in sufficientquantities for detection. 2) Specificity: Protein mark-ers for CRC are often elevated in non-cancerous condi-tions. Particularly in chronic inflammation disordersthat are poorly understood. In contrast, the CRISPR-Cas3 system we employ can be programmed to distin-guish between a healthy gene and a single point muta-tion, offering a level of specificity that proteomic sen-sors have not yet matched. 3) Amplification: While
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proteins are static, meaning they can’t replicate, theuptake of a single mutated DNA fragment by A. baylyitriggers a biological cascade, homologous recombina-tion followed by protein expression, essentially usingthe bacteria’s ownmachinery to amplify the signal intoa visible color change.
Next stepsSeveral components of this design warrant further in-vestigation during assembly. First it is necessary to de-termine theminimal amount of mutated DNA requiredfor color change of the pill to occur, i.e., to establish thisintervention’s sensitivity. Moreover, there is a need toconsistently and reproducibly correlate pigment pro-duction with cfDNA concentration. Another importantcomponent will be the stability of the latter; hence, ex-periments establishing effectiveness of various meth-ods for preserving the sensing mechanism integritymust occur to ensure stability during distribution andstorage. In addition, future iterations could expandthe capabilities of a singular capsule to detect multiplegenes as an effective detection for severalmutations si-multaneously with varying reporter types and produc-tions.
Quantification of signal thresholdsThe most critical next step is determining the Mini-mum Detection Limit (MDL). We must establish howmany copies of a mutated gene are required to triggera color change perceptible to the human eye. We pro-pose laboratory trials using synthetic DNA fragmentssimulating concentrations typically found in the gut lu-men. If theAmilCP reporter expression is undetectable,we will explore the use of high-copy-number plasmidsor stronger synthetic promoters to overexpress thechromoprotein once the mutation is detected. Basedon prior studies utilizing analogous systems, the min-imum detection limit for mutated DNA is anticipatedto be approximately 3–5 pg/µL (Cooper et al., 2023).This concentration is expected to be sufficient to ini-tiate successful recombination events and generate adiscernible reporter signal.
Secretion integrationTo improve the readability of the result, we plan to testthe addition of a secretion peptide, like the HlyA secre-tion system, to the AmilCP sequence (Gentschev et al.,2002). By secreting the blue chromoprotein into thesurrounding hydrogel matrix rather than keeping it in-side the bacterial cytoplasm, we can create amore uni-form and intense color change on the pill’s surface, re-ducing user error during interpretation.

Environmental resilience and
lyophilizationFor the device to be commercially viable, it must sur-vive the ‘cold chain’ or be shelf-stable at room temper-ature. Future research will focus on the lyophilization(freeze-drying) of the bacteria-laden hydrogel beads.We will test various cryoprotectants to ensure that thebacteria can be rehydrated and become metabolicallyactive immediately upon ingestion.
Multi-channel logic gatesFinally, we aim to evolve the system from a single-genedetector to a Boolean logic-based sensor. By engineer-ing separate bacterial populations for APC, TP53, and
kRAS, we could design a pill that only changes color iftwo or more mutations are present, further increasingthe diagnostic accuracy and reducing the likelihood offalse alarms.
Author contributionsIA wrote and researched about the system and parts ofthe paper and was the key leader in preparing this pa-per. HB and PS wrote the device level, Discussion, andNext step sections of the paper. IP finished the back-ground portion, LA and AG wrote safety, and all indi-viduals had a role in the ideation of the project.
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