
Grounded Discovery Labs -- Discovery Pack

Discover: Design a precise, manufacturable way to alter gut microbiome composition for a defined health goal
without broad-spectrum disruption.

Top 3 Comparison

Featured Discovery Bold Concept Build-First

Ecology-Prescreened Personalized Mycorrhiza-Inspired Glycan Structured Glycan Scaffold
Glycan Selection in Microreactor Handshake Network Selectively Fed to One Target Taxon
Array

novelty 6 9 7

feasibility 8 5 8

economic_leverage 6 7 7

testability 9 6 8

robustness 7 4 6

constraint_fit 9 8 8

explainability 9 6 8

OVERALL 7.7 / 10 -- Very Strong 6.4 / 10 -- Strong 7.4 / 10 -- Very Strong

Runner-ups

* Matched lytic-phage foam for Crohn's AIEC depletion [solid-alternative] -- Isolate the patient's AIEC strain, match 3-5 lytic

phages, and deliver a rectal colon foam to lower inflammation without killing commensals.

* Personalized lytic phage spray for adherent E. coli IBD flares [solid-alternative] -- Match a GMP lytic phage mini-cocktail to a

patient's AIEC isolate to lower mucosal inflammatory burden without depleting commensals.

* Ecology-Calibrated Glycan Pulse Pack [near-miss-alternative] -- Use each patient's stool ecosystem to choose timed glycan

pulses that steer butyrate taxa without broad feeding.

* Rare HMO-anchored niche prebiotic for single target taxon [solid-alternative] -- A narrow-substrate oligosaccharide (LNT

analog) feeds only the target strain's GH cluster, expanding it 10x without broad shifts.

* pH/transit-gated capsules releasing rare HMO prebiotics to target taxa [solid-alternative] -- Distal-colon-released

lacto-N-tetraose analogs feed only taxa expressing matched glycoside hydrolases, shifting function not just abundance.



Featured Discovery
Ecology-Prescreened Personalized Glycan Selection in
Microreactor Array
novelty: 6 | feasibility: 8 | economic_leverage: 6 | testability: 9 | robustness: 7 | constraint_fit: 9 | explainability: 9

Overall: 7.7 / 10 -- Very Strong

Snapshot: sha256:7f8f3110e8ff7ea4...

Constraint Compliance: Compliant (constraint_fit=9)

A patient's fresh stool sample is distributed across a 96-well anaerobic glycan microreactor array,
incubating each well with a distinct prebiotic substrate for 48 hours to measure which glycan selectively
expands the target microbial guild in that individual's unique ecology. This matters because prebiotic
response is profoundly ecology-dependent--one person's bifidogenic fiber is another's gas-producing
dead end--and current one-size-fits-all dosing ignores this variability entirely.

Concept illustration (AI-generated). Visuals may be inaccurate; refer to the Mechanism/Build Path text for the actual design and quantitative

assumptions.

Mechanism
A fresh patient stool sample (ideally <6 h from passage, anaerobic transport at 2-8 degC) is homogenized under
anaerobic gas (85% N2/10% CO2/5% H2) into reduced basal gut medium. The suspension is diluted, e.g.
1:50-1:200, and dispensed into sealed 96- or 384-well anaerobic microreactor plates, 100-500 uL/well, each
containing one candidate glycan at standardized dose, e.g. 1-10 mg/mL carbohydrate equivalent. Candidate
substrates include purified resistant starch fractions, arabinoxylan-oligosaccharides, beta-glucans, pectic
oligosaccharides, inulin-type fructans, galacto-oligosaccharides, fucosylated/HMO-like glycans, and other rare



plant/microbial polysaccharides. Wells include no-carbon, common-fiber positive controls, and replicate blanks. After
24 and/or 48 h incubation at 37 degC, outputs are measured: SCFA profile by GC-FID/GC-MS or LC-MS, pH,
gas/OD where useful, and taxonomic/functional shifts by targeted qPCR, shallow shotgun metagenomics, or 16S
with strain-aware constraints. A scoring algorithm estimates butyrate-guild enrichment, absolute/relative butyrate
production, cross-feeding signatures, and off-target blooms such as Enterobacteriaceae, sulfide producers,
pathobiont expansion, or excessive acetate/lactate accumulation. The selected glycan is not simply the highest in
vitro butyrate hit; it must pass a locked ex vivo-to-in vivo bridge model. That model is calibrated from paired
stool-reactor and human dosing data and incorporates transit time, expected delivered dose, formulation release,
baseline community state, and confidence intervals. Output is a go/no-go personalized glycan choice and dose tier.
Technical delta versus donor-centric stool/FMT logistics prior art: this is not selecting or administering donor
material; it screens the recipient's own microbial ecology against defined glycans in miniaturized anaerobic reactors,
then uses a predictive bridge to manufacture a personalized nonliving substrate capsule.

Why Novel
No commercial or clinical workflow currently performs individualized ex vivo glycan screening at the ecology level
before prescribing a prebiotic; existing microbiome tests only profile composition without testing functional substrate
response under that patient's own microbial community. The combination of anaerobic microreactor throughput with
guild-targeted readout (qPCR or shallow shotgun) as a prescreening step before dosing is genuinely without
precedent at clinical scale.

Buildability
Core components--anaerobic workstations, sealed 96-well plates, and 16S/qPCR readout pipelines--are
commercially available today and used routinely in academic gut microbiology labs, making a prototype achievable
without novel hardware. The primary engineering challenge is standardizing the stool homogenization and
cold-chain logistics to keep the ex vivo ecology representative, which is a process optimization problem rather than
a fundamental technical barrier.

Why Feasible

* Build path is practical (feasibility=8/10)
* Core hypothesis testable quickly (testability=9/10)

Top Risks
* Ex vivo microbial community composition and activity drift significantly from in vivo state within the 48-hour
incubation window, reducing predictive validity of the screen
* The 96-well glycan panel fails to include the patient's optimal substrate, creating a false ceiling on
personalization benefit and requiring iterative panel expansion
* Cold-chain logistics for same-day stool collection, anaerobic transport, and rapid processing break down in
real-world clinical settings, degrading sample quality and assay reproducibility

Decisive Test (MDE)
Hypothesis: A stool microreactor-selected glycan, interpreted through a locked ex vivo-to-in vivo bridge model,
produces a larger in vivo butyrate response than a random/nonmatched glycan in the same target population.
Setup: Prospective crossover or parallel pilot in 20-30 participants. For each stool sample, screen 10-20 glycans in
triplicate anaerobic wells at 24/48 h. Model selects top predicted responder glycan and one control glycan matched
for dose/formulation but not selected. Dose each glycan for 14 days with washout if crossover. Primary endpoint:
change in fecal butyrate AUC or concentration versus baseline; secondary endpoints: metagenomic butyrate-guild
abundance, stool consistency, GI symptoms, off-target taxa, adherence.
Instrumentation: Anaerobic workstation, sealed microplates, liquid handler or multichannel pipettes,



GC-FID/GC-MS or LC-MS for SCFAs, qPCR/16S/shallow shotgun sequencing, stool sample tracking LIMS, capsule
barcode verification, symptom/adherence ePRO.
Kill Criteria: Kill if matched glycan fails to outperform control by a prespecified margin, e.g. <20% higher fecal
butyrate AUC or effect size d<0.3; ex vivo predicted rank has Spearman rho <0.3 with in vivo response; >25% of
samples yield no confident recommendation; adverse GI intolerance exceeds control by >15 percentage points;
turnaround consistently exceeds 96 h at target cost.
Rescue Pivot: If broad glycan prediction fails, narrow to responder-enriched subgroups or glycan classes with
strong ex vivo/in vivo coupling; replace sequencing-heavy scoring with cheaper SCFA/qPCR panel; use the reactor
only to exclude harmful/off-target substrates rather than predict best-in-class response.
Cost: $75k-$250k for a lean academic/partnered pilot depending on sequencing depth, SCFA outsourcing, glycan
panel size, and clinical operations.
Time to Signal: Assay signal in 48 h per participant; clinical validation signal in 8-16 weeks after enrollment start,
assuming rapid recruitment.

Refinement Deltas
Risks Addressed:

* The gut is spatially structured and host-regulated; a 100-500 uL batch reactor may not capture mucus, immune
effects, bile acids, transit, absorption, or repeated dosing.
* Butyrate in stool is an imperfect endpoint because production, epithelial uptake, dilution, and stool water content
confound measured concentration.
* Rare glycan panel breadth may be insufficient; the best substrate for a patient may not be in the library, leading
to false personalization.

Red-Team:
* Challenge: The gut is spatially structured and host-regulated; a 100-500 uL batch reactor may not capture
mucus, immune effects, bile acids, transit, absorption, or repeated dosing.
* Challenge: Butyrate in stool is an imperfect endpoint because production, epithelial uptake, dilution, and stool
water content confound measured concentration.
* Challenge: Rare glycan panel breadth may be insufficient; the best substrate for a patient may not be in the
library, leading to false personalization.
* Challenge: Sequencing plus anaerobic handling creates cost, variability, and turnaround pressure that may
erase the practical advantage over generic prebiotics.
* Challenge: Personalized capsule logistics introduce wrong-patient/wrong-glycan risk, cold-chain or humidity
stability issues, and regulatory complexity despite nonliving ingredients.

Budget Ranges
Prototype: $45,000-$80,000 (anaerobic workstation access or purchase, plate sealing equipment, pilot glycan
library of 80-90 purified substrates, qPCR readout setup, 20-30 patient samples for assay development)
Pilot: $300,000-$600,000 (GLP-grade process standardization, 150-200 patient cohort with matched in vivo
outcomes, regulatory pre-submission meeting, LIMS and cold-chain logistics buildout, shallow shotgun sequencing
validation arm)
Scale: $3M-$8M (CLIA-certified lab infrastructure, automated liquid handling for 384-well format, national
cold-chain courier partnerships, clinical utility study for reimbursement pathway, personalized capsule
manufacturing integration)

30/60/90 Plan
Day 30: Establish anaerobic microreactor protocol: validate stool homogenization procedure, confirm anaerobic
integrity of sealed 96-well plates across 48-hour incubation, and finalize a starter glycan panel of 80 substrates with
positive and negative controls. Run 5-8 healthy volunteer samples to benchmark inter-sample and intra-plate
reproducibility.



Day 60: Execute a 30-patient feasibility cohort spanning diverse microbiome profiles (low/high Bifidobacterium,
dysbiotic, post-antibiotic); compare ex vivo guild expansion signals across glycan panel and identify top responder
substrates per patient. Begin correlation analysis between ex vivo 48-hour signal and available dietary/clinical
metadata.
Day 90: Deliver a validated assay SOP with defined QC thresholds, a ranked glycan recommendation algorithm
prototype, and a gap analysis of ex vivo-to-in vivo predictive accuracy using any available longitudinal stool data.
Present go/no-go data package for a funded pilot clinical study with matched dietary intervention arm.
Dominance Axis: faster_validate -- Measures patient ecology directly and improves dosing prediction, but
depends on a validated ex vivo-to-in vivo bridge rather than eliminating ecology-dependence outright.



Bold Concept
Mycorrhiza-Inspired Glycan Handshake Network
novelty: 9 | feasibility: 5 | economic_leverage: 7 | testability: 6 | robustness: 4 | constraint_fit: 8 | explainability: 6

Overall: 6.4 / 10 -- Strong

Snapshot: sha256:83dbe7aeb497a7fe...

Constraint Compliance: Compliant (constraint_fit=8)

A bifunctional glycan conjugate routes dietary carbon exclusively to gut bacteria presenting matching
surface-binding signatures, mimicking the selective nutrient exchange of mycorrhizal networks. By
coupling a strain-targeting domain (Kd ~100 nM-100 uM) to a locally-activated nutrient domain, the
system creates an affinity-gated feeding mechanism that bypasses bulk fermentation competition. This
matters because current prebiotics lack cellular specificity, making precision microbiome modulation
nearly impossible.

Concept illustration (AI-generated). Visuals may be inaccurate; refer to the Mechanism/Build Path text for the actual design and quantitative

assumptions.

Mechanism
A soluble bifunctional glycan conjugate acts like a mycorrhizal "handshake": one end binds a strain-enriched surface
feature, while the other end carries a nutrient domain that is only efficiently consumed when locally concentrated at
that cell surface. The targeting domain is drawn from a small validated ligand panel: host-like glycans,
capsule-binding oligosaccharides, lectin ligands, or glycopeptide mimetics with measured binding to target isolates,
ideally Kd ~100 nM-100 uM and at minimum better than low-mM. The nutrient domain could be a poorly bulk-utilized
oligosaccharide, resistant starch fragment, sialylated/fucosylated glycan, or masked sugar alcohol that the target



strain can import or cleave once concentrated. A practical prototype would use 1-5 kDa carbohydrate nutrient
domains joined through PEG3-PEG12 or click-compatible linkers to 0.5-3 kDa targeting glycans, with optional
fluorophore/biotin handles for binding studies. Operating principle: free conjugate remains too dilute or sterically
unsuitable to feed the whole community, but reversible multivalent residence on the target cell surface raises local
effective concentration, increasing uptake/catabolism by nearby transporters or extracellular glycosidases.
Selectivity is not based on perfect enzyme exclusivity; it is based on three gates: target-surface binding, low capture
by dominant stool cells, and target-specific metabolic conversion. The strongest version uses weak-to-moderate
reversible binding rather than irreversible coating, so the conjugate enriches on target cells without permanently
decorating microbes or broadly crosslinking the microbiome.

Why Novel
No existing prebiotic strategy uses a bifunctional ligand-nutrient conjugate that requires physical surface docking
before carbon becomes bioavailable, making selectivity a thermodynamic property of the molecule rather than a
metabolic assumption. This transforms prebiotic design from substrate chemistry into targeted delivery
pharmacology.

Buildability
Bifunctional glycan conjugates in the 1-5 kDa range are synthesizable using established chemoenzymatic ligation
and click-chemistry linker strategies already used in glycoconjugate vaccine manufacturing. The primary near-term
barrier is ligand discovery, not synthesis, as solid-phase glycan arrays and bacterial surface proteomics can
accelerate surface feature mapping within 12-18 months.

Why Feasible

* Build path needs validation (feasibility=5/10)
* Core hypothesis testable quickly (testability=6/10)

Top Risks
* Intraspecies surface antigen variability means a ligand validated against one isolate may miss 30-60% of strains
carrying the same species name in a real stool community
* Bifunctional glycan conjugates presenting host-like or capsule-mimetic epitopes may trigger innate immune
pattern recognition, generating inflammatory off-target responses
* Scalable chemoenzymatic synthesis of sequence-defined bifunctional glycans remains low-yield and high-cost,
potentially making per-dose economics nonviable without major process innovation

Decisive Test (MDE)
Hypothesis: A bifunctional glycan conjugate with a validated strain-selective targeting ligand will enrich on the
intended commensal in real stool communities and route nutrient-derived carbon/metabolite output to that strain
better than an untargeted nutrient analog.
Setup: Use 3 independent donor fecal microcosms spiked with a barcoded or genomically distinguishable target
strain at low abundance, plus native non-spiked controls if the target is naturally present. Compare four arms under
anaerobic conditions: no nutrient, free nutrient domain, targeting ligand alone plus free nutrient, and bifunctional
conjugate. Use an isotope-labeled nutrient domain, e.g. 13C-labeled oligosaccharide fragment, on the bifunctional
and free-nutrient controls. Before fermentation, quantify tagged-conjugate binding to cells by FACS and sequence
sorted positive/negative fractions. After 6, 24, and 48 h, measure target abundance and isotope incorporation into
target-associated biomass or target-enriched metabolites.
Instrumentation: Anaerobic chamber, flow cytometer/FACS, fluorescence-labeled conjugate, qPCR or
strain-specific amplicon sequencing, shotgun metagenomics optional, LC-MS/GC-MS for 13C metabolite tracing,
BLI/SPR for purified binding confirmation, plate reader for growth/metabolite assays.



Kill Criteria: Kill if the bifunctional conjugate does not produce at least 5x target-cell enrichment over median
stool-cell binding, does not improve target growth/metabolite output by at least 2x over free nutrient, or if >20% of
total stool cells capture the ligand at active concentrations.
Rescue Pivot: If binding is too broad, switch to multivalent low-avidity formats tuned for capsule density, use
two-factor targeting with dual ligands, or abandon species-level targeting for genus/ecotype-level enrichment. If
nutrition is not routed, retain ligand discovery but replace the nutrient domain with a prodrug, enzyme-cleavable
payload, or crossfeeding metabolite precursor.
Cost: $25k-$120k depending on glycan synthesis complexity, number of donor stools, FACS time, and isotope
LC-MS depth.
Time to Signal: 4-8 weeks after conjugates are in hand; 12-20 weeks including ligand discovery and synthesis.

Refinement Deltas
Risks Addressed:

* Surface glycan and capsule expression is phase-variable, diet-dependent, and strain-specific; a ligand that
works on one isolate may fail in real donor communities.
* Weak glycan-lectin interactions may be overwhelmed by mucus, dietary glycans, secretory IgA, bile, or
competing soluble lectins in the gut lumen.
* Local enrichment may not translate into carbon routing if the nutrient domain is released, shared, or catabolized
by extracellular enzymes from off-target organisms.

Red-Team:
* Challenge: Surface glycan and capsule expression is phase-variable, diet-dependent, and strain-specific; a
ligand that works on one isolate may fail in real donor communities.
* Challenge: Weak glycan-lectin interactions may be overwhelmed by mucus, dietary glycans, secretory IgA, bile,
or competing soluble lectins in the gut lumen.
* Challenge: Local enrichment may not translate into carbon routing if the nutrient domain is released, shared, or
catabolized by extracellular enzymes from off-target organisms.
* Challenge: Manufacturing defined bifunctional glycans with controlled linker length, valency, purity, and batch
consistency could be expensive relative to conventional prebiotics.
* Challenge: Decorating bacterial surfaces with synthetic glycans could alter immune recognition, biofilm behavior,
phage susceptibility, or ecological interactions in unpredictable ways.

Budget Ranges
Prototype: $180,000-$320,000 (ligand panel screening via glycan arrays, synthesis of 3-5 conjugate candidates,
in vitro binding confirmation and anaerobic monoculture feeding assays)
Pilot: $900,000-$1,800,000 (ex vivo stool community selectivity testing, gnotobiotic mouse colonization with
defined consortia, preliminary PK/safety in rodents, process chemistry optimization)
Scale: $8,000,000-$20,000,000 (GMP-compatible synthesis route development, IND-enabling tox studies, Phase 1
safety trial in healthy volunteers with metagenomic readout)

30/60/90 Plan
Day 30: Complete literature and database mining to identify top 8-12 candidate surface features across priority
commensal taxa (Bifidobacterium, Akkermansia, Faecalibacterium); procure or synthesize targeting domain
oligosaccharide panel; establish anaerobic culture and binding assay infrastructure
Day 60: Run glycan microarray and surface plasmon resonance screens to confirm Kd values for top 3-5 ligands
against target isolates and negative-control commensals; synthesize first-generation bifunctional conjugates using
click-chemistry linker; validate nutrient domain release kinetics in simulated colonic pH conditions
Day 90: Complete in vitro selectivity feeding assays in mixed 5-8 species anaerobic communities with
metagenomic and metabolomic readout; establish dose-response for target strain enrichment vs. off-target taxa;
produce go/no-go dataset for gnotobiotic mouse study design and identify lead conjugate scaffold



Dominance Axis: higher_perf -- Validated affinity-gated feeding can outperform enzyme specificity when ligand
binding remains selective in real stool communities.



Build-First
Structured Glycan Scaffold Selectively Fed to One Target
Taxon
novelty: 7 | feasibility: 8 | economic_leverage: 7 | testability: 8 | robustness: 6 | constraint_fit: 8 | explainability: 8

Overall: 7.4 / 10 -- Very Strong

Snapshot: sha256:9bf2967fc3cc4bae...

Constraint Compliance: Compliant (constraint_fit=8)

A chemoenzymatically synthesized glycan scaffold with a unique linkage pattern is selectively
metabolizable only by a single target commensal's polysaccharide utilization locus (PUL), enabling
precise enrichment of that taxon without prebiotic crosstalk. This matters because current prebiotics
broadly shift microbiome composition with limited taxonomic resolution, whereas PUL-matched glycans
could enable therapeutic modulation of specific commensals implicated in disease. Achieving 3 log10 fold
enrichment of a single taxon would represent a paradigm shift in microbiome intervention precision.

Concept illustration (AI-generated). Visuals may be inaccurate; refer to the Mechanism/Build Path text for the actual design and quantitative

assumptions.

Mechanism
A single gut taxon is enriched by feeding a synthetic glycan whose digestible features match a carbohydrate-active
enzyme/PUL system present in the target and absent or nonfunctional in screened bystanders. The scaffold is a
defined oligosaccharide or low-MW polysaccharide, e.g. DP8-DP40, with a backbone such as beta-1,3/beta-1,4
mixed glucan, arabinoxylan, rhamnogalacturonan fragment, or mucin-like O-glycan motif, plus taxon-specific
linkage/branch features such as alpha-1,2 fucose, beta-1,6 galactose, arabinofuranose side chains, methyl/acetyl



substitutions, or sulfation. Selection starts from metagenomic PUL databases and isolate genomes: the candidate
glycan is retained only if the target has the binding proteins, outer-membrane transport, periplasmic hydrolases, and
catabolic enzymes, while non-target taxa lack a complete uptake-degradation pathway. The glycan is built
enzymatically on soluble or resin-supported primers using purified glycosyltransferases, glycosidases run in
transglycosylation mode, and tailoring enzymes; optional 13C, 2H, or clickable/fluorescent terminal tags enable fate
tracking. The final material is spray-dried or lyophilized as an upper-GI-resistant powder, optionally
microencapsulated with alginate/HPMC or enteric polymer to preserve the motif until colonic release. Operating
principle: the target imports/degrades the glycan directly and blooms; bystanders should not access the intact
scaffold. Leakage is monitored because target fermentation products, released monosaccharides, or partial
oligosaccharides may cross-feed other taxa. Technical delta vs listed prior art analog: the cited TRPV4
mitochondrial targeting sequence work concerns peptide/protein subcellular localization and mitochondrial function
regulation; this concept instead engineers extracellular carbohydrate structure as an ecological input to a gut
microbial PUL network. The mechanism is selective nutrient access, not organelle targeting or host-cell signaling.

Why Novel
Unlike conventional prebiotics that feed broad microbial guilds, this approach uses metagenomic PUL databases to
reverse-engineer a glycan whose full catabolic pathway exists exclusively in the target organism, making selectivity
a designed property rather than an empirical observation. The combination of chemoenzymatic synthesis with PUL
exclusivity screening as a gatekeeping step has not been systematically deployed as a therapeutic design
framework.

Buildability
Chemoenzymatic synthesis of defined DP8-DP40 oligosaccharides is achievable with current glycosyltransferase
panels and one-pot cascade methods, with several academic and CRO groups already producing structurally
defined arabinoxylan and fucosylated glycan fragments at milligram-to-gram scale. The primary engineering
challenge is sourcing or engineering the specific transferases for taxon-specific branch features such as alpha-1,2
fucose or sulfation, but these enzymes are increasingly available from recombinant expression systems.

Why Feasible

* Build path is practical (feasibility=8/10)
* Core hypothesis testable quickly (testability=8/10)

Top Risks
* Cross-feeding: partial hydrolysis products released by the target taxon are scavenged by bystander species,
diluting selectivity and enriching off-target organisms
* Inter-individual PUL variability: the target taxon's PUL may be absent, truncated, or polymorphic in a substantial
fraction of human donors, making enrichment unpredictable across populations
* Synthesis scalability and cost: multi-step chemoenzymatic routes with protecting-group-free strategies may still
require 8-12 enzymatic steps, limiting batch yields and driving per-gram costs above therapeutic feasibility
thresholds

Decisive Test (MDE)
Hypothesis: A PUL-matched structured glycan produces a target-specific bloom of at least 3 log10 relative to
baseline or placebo while limiting off-target enrichment and isotope transfer in diverse human fecal communities.
Setup: Run anaerobic batch or pH-controlled mini-bioreactor fecal fermentations using 15-30 unrelated donors.
Arms: candidate 13C-labeled glycan, unlabeled candidate, generic inulin/FOS positive prebiotic control, and
no-added-carbon control. Include a defined consortium containing the target plus close PUL-neighbor competitors.
Dose at 0.5-5 g/L equivalent. Sample 0, 6, 12, 24, 48, and 72 h. Track target strain/taxon abundance, total



community shifts, residual glycan, labeled metabolites, and isotope incorporation into off-target biomass.
Instrumentation: Anaerobic chamber or Hungate tubes, qPCR/ddPCR with target-specific primers, shotgun
metagenomics or 16S amplicon sequencing, metatranscriptomics for PUL activation, HPAEC-PAD or LC-MS for
glycan depletion, GC-MS/LC-MS for 13C-SCFA and labeled metabolites, optional Raman-FISH or
SIP-metagenomics to identify labeled off-target cells.
Kill Criteria: Concept is killed if target enrichment fails to exceed controls, off-target taxa repeatedly assimilate
labeled carbon, or donor-to-donor variation prevents predictable selectivity in most fecal communities.
Rescue Pivot: Narrow to a strain-defined synbiotic where the target strain is co-administered; redesign
side-chain/linkage pattern to remove shared degradation handles; increase DP/branching or add protective
substitutions to reduce public-goods release; use pulsed dosing or co-factor constraints to favor target metabolism.
Cost: $25k-$120k depending on donor number and whether shotgun/SIP-metagenomics is used; cheapest screen
with 16S + LC-MS may be $8k-$20k.
Time to Signal: Initial growth/selectivity signal in 1-2 weeks after fermentation setup; full
isotope/metatranscriptomic interpretation in 4-8 weeks.

Refinement Deltas
Risks Addressed:

* PUL annotations are often insufficient: possession of homologous SusC/D and CAZymes does not reliably
predict substrate uptake or exclusivity in complex communities.
* Cross-feeding may be unavoidable because extracellular/periplasmic leakage, released monosaccharides,
acetate/lactate/succinate, or partial oligosaccharides can enrich non-target taxa.
* Human microbiomes vary widely; a glycan selective in one donor may feed competitors or be ignored in another
due to strain-level PUL differences.

Red-Team:
* Challenge: PUL annotations are often insufficient: possession of homologous SusC/D and CAZymes does not
reliably predict substrate uptake or exclusivity in complex communities.
* Challenge: Cross-feeding may be unavoidable because extracellular/periplasmic leakage, released
monosaccharides, acetate/lactate/succinate, or partial oligosaccharides can enrich non-target taxa.
* Challenge: Human microbiomes vary widely; a glycan selective in one donor may feed competitors or be
ignored in another due to strain-level PUL differences.
* Challenge: The synthesis route may be too expensive or heterogeneous for food-grade deployment; controlling
DP, branching, acetylation/sulfation, and batch consistency is nontrivial.
* Challenge: A 3 log10 bloom may not translate to durable engraftment or clinical benefit and could perturb
community ecology, gas production, osmotic load, or metabolite profiles.

Budget Ranges
Prototype: $80,000-$150,000 (PUL database mining, glycan design, chemoenzymatic synthesis of 3-5 candidate
scaffolds at mg scale, in vitro fermentation selectivity screen with 10-15 isolates)
Pilot: $400,000-$800,000 (gram-scale synthesis optimization, ex vivo human fecal community validation in 20-30
donors, gnotobiotic mouse colonization with defined 10-20 member community, 3-log enrichment confirmation)
Scale: $3,000,000-$8,000,000 (GMP-compatible enzymatic synthesis process development, Phase 1 human
safety and microbiome modulation study, inter-individual variability stratification by metagenomic PUL profiling)

30/60/90 Plan
Day 30: Complete computational PUL exclusivity screen across CAZy and HumCFS databases for 3 candidate
target taxa; identify glycan backbone and branch features predicted to be uniquely catabolic in target; procure or
express 4-6 key glycosyltransferases; synthesize first DP8-DP12 prototype scaffold at 1-5 mg scale
Day 60: Confirm target taxon growth on prototype glycan as sole carbon source; run 96-well cross-feeding panel
against 15 screened bystander isolates; perform NMR and MS structural validation of synthesized scaffold; iterate



linkage or branch features if off-target growth exceeds 0.5 log10 enrichment threshold
Day 90: Validate lead glycan scaffold in ex vivo batch fermentation using fecal inocula from 6-8 human donors;
quantify target taxon enrichment by 16S and shotgun metagenomics; measure short-chain fatty acid and metabolite
profiles; document cross-feeding leakage quantitatively and establish go/no-go criteria for gnotobiotic mouse study
Dominance Axis: simpler -- Live-cell-free substrate steering remains dominant only when PUL exclusivity and
bounded cross-feeding are shown in human-derived communities.

Top Uncertainties & Assumptions
* Ex vivo microbial community composition and activity drift significantly from in vivo state within the 48-hour
incubation window, reducing predictive validity of the screen
* The 96-well glycan panel fails to include the patient's optimal substrate, creating a false ceiling on
personalization benefit and requiring iterative panel expansion
* Cold-chain logistics for same-day stool collection, anaerobic transport, and rapid processing break down in
real-world clinical settings, degrading sample quality and assay reproducibility
* Intraspecies surface antigen variability means a ligand validated against one isolate may miss 30-60% of strains
carrying the same species name in a real stool community
* Bifunctional glycan conjugates presenting host-like or capsule-mimetic epitopes may trigger innate immune
pattern recognition, generating inflammatory off-target responses
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