
Grounded Discovery Labs -- Discovery Pack

Discover: Design a formulation or delivery architecture that materially improves the ambient thermal stability of
injectable protein and nucleic acid biopharmaceuticals (eliminating cold-chain dependence) without major loss of
biological activity or manufacturability.

Top 3 Comparison

Featured Discovery Bold Concept Build-First

Silk-LEA anhydrobiotic glass in a ALD-like angstrom polymer skins on Low-water trehalose deep-eutectic
dual-chamber syringe single biologics autoinjector

novelty 7 9 6

feasibility 8 3 6

economic_leverage 7 7 6

testability 8 5 7

robustness 7 4 5

constraint_fit 9 8 8

explainability 9 6 8

OVERALL 7.9 / 10 -- Very Strong 6 / 10 -- Strong 6.6 / 10 -- Strong

Runner-ups

* Hermetic dry microvial nested in reconstitution autoinjector [solid-alternative] -- Move the dry API out of moisture-leaky

polymer barrels into a laser-sealed glass microvial inside the injector.

* Atmospheric humidity-clamped stratified dry dose cartridge [solid-alternative] -- Build a dry dose as API glass strata plus a

sealed hydrate buffer that pins headspace humidity below plasticization.

* Trehalose-Pullulan Spray-Dried Glass with Integrated Molecular Sieve Blister [solid-alternative] -- Foam-structured sugar

glass with embedded zeolite desiccant maintains <0.5% Aw indefinitely, eliminating moisture plasticization in dual-chamber

syringe.

* ALD-coated lyo microparticles in oil suspension [near-miss-alternative] -- Spray-dried glassy protein microspheres are

conformally sealed by 10 nm Al2O3/TiO2 ALD shell, then suspended in MCT oil for injection.

* Zwitterionic polycarboxybetaine conjugation/coformulation for liquid ambient stability [near-miss-alternative] -- pCB grafting

or non-covalent coformulation creates a strongly bound hydration shell that keeps proteins liquid-stable at 40degC without

lyophilization.



Featured Discovery
Silk-LEA anhydrobiotic glass in a dual-chamber syringe
novelty: 7 | feasibility: 8 | economic_leverage: 7 | testability: 8 | robustness: 7 | constraint_fit: 9 | explainability: 9

Overall: 7.9 / 10 -- Very Strong

Snapshot: sha256:131d1825d97de4cb...

Constraint Compliance: Compliant (constraint_fit=9)

Vacuum-drying protein or mRNA biologics with silk fibroin, LEA-like intrinsically disordered proteins, and
nonreducing sugars creates an anhydrobiotic glass that preserves >=80% activity without cold chain. This
matters because cold-chain failures account for an estimated 25% of vaccine spoilage globally, and a
room-temperature-stable, point-of-care-reconstitutable format could transform access in low-resource
settings.

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

assumptions.

Mechanism
A dual-chamber syringe contains a porous anhydrobiotic dry cake in the distal chamber and reconstitution buffer in
the proximal chamber. The dry cake is a ternary/quaternary stabilizing glass: recombinant silk fibroin or silk-like
polypeptide provides beta-sheet nanodomains as physical crosslinks; LEA-like intrinsically disordered proteins
provide hydration-shell replacement and anti-aggregation spacing; trehalose/sucrose forms the primary amorphous
glass; optional low levels of glycine/mannitol tune crystallinity and cake strength. A practical starting formulation is
5-12 wt% total solids before drying: sugar 60-85% of solids, LEA-like IDP 5-20%, silk 2-10%, biologic cargo 1-20%
depending on payload. Target residual moisture is 1-3 wt%, Tg at least 20 C above storage temperature, and cake



porosity 50-85% with interconnected pores roughly 10-100 micrometers. Cake fill depth should be shallow, e.g. 2-8
mm in a 1 mL long dual-chamber cartridge, to minimize diffusion path length. During drying, ice-templating or
controlled vacuum/lyophilization creates a low-density pore network rather than a dense glass film. On activation,
buffer is pushed through the bypass into the dry chamber; capillary ingress rapidly wets pore walls. The high surface
area allows dissolution front propagation without forming a concentrated gel plug. Silk beta-sheet domains slow
molecular collapse and crystallization, LEA/sugar replace bound water via hydrogen bonding, and the porous
morphology reduces peak local solids concentration, injection force, and shear exposure. The core operating
principle is not only chemical stabilization but morphology-controlled reconstitution: the cake must dissolve
uniformly at low plunger force while maintaining biologic monomer, potency, and low subvisible particles.

Why Novel
Prior lyophilized biologics rely on sugar glasses alone or simple excipient blends; the ternary silk/LEA-IDP/trehalose
architecture uniquely combines beta-sheet physical crosslinks for mechanical cake integrity with IDP hydration-shell
mimicry for molecular-level cargo protection, a combination not yet reduced to a commercial dual-chamber syringe
format.

Buildability
All three excipient classes (silk fibroins, LEA-like IDPs, trehalose) are producible via established microbial
fermentation and are compatible with standard lyophilization cycles and dual-chamber syringe filling lines already
used for marketed products like Enbrel. The primary engineering challenge is tuning the cake porosity and
reconstitution buffer ionic strength to achieve <30-second dissolution without shear-induced mRNA fragmentation.

Why Feasible

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

Top Risks
* Residual moisture above 2 wt% plasticizes the glass and collapses Tg below storage temperature, causing
aggregation during shelf life
* Recombinant LEA-IDP batches carry host-cell protein impurities that complicate CMC release specifications
and may trigger immunogenicity flags
* Rapid plunger-driven mixing generates localized shear that fragments mRNA payloads, reducing transfection
potency below the 80% activity threshold

Decisive Test (MDE)
Hypothesis: A porous silk-LEA-sugar dry cake can retain at least 80% model biologic activity after 30 days at 45
C and reconstitute in a dual-chamber syringe in under 30 seconds with low plunger force, no transient viscosity
plug, and no unacceptable aggregate/particle burst.
Setup: Build 1 mL dual-chamber syringe surrogates containing dried GFP or lysozyme plus one
aggregation-sensitive protein. Compare four arms: porous silk-LEA-trehalose cake, dense silk-LEA-trehalose film,
trehalose-only porous cake, and conventional lyophilized sucrose/trehalose cake. Store dry at 45 C/ambient and 45
C/desiccated for 30 days. Reconstitute with fixed buffer volume through the syringe bypass using a mechanical
plunger at clinically relevant speed. Sample immediately after full wetting and at 5, 15, and 60 min.
Instrumentation: Texture analyzer or syringe pump with inline force sensor; camera for dissolution endpoint;
microviscometer or rheometer for transient viscosity; plate reader for GFP fluorescence or lysozyme activity;
SEC-HPLC and DLS for soluble aggregates; light obscuration/flow imaging for subvisible particles; Karl Fischer
moisture; DSC Tg; optical microscopy/SEM for cake pore structure.
Kill Criteria: Kill if best formulation fails any two core gates: <80% activity after 30 days at 45 C, reconstitution >30



s, max plunger force >30 N, viscosity peak >50 cP for >5 s, or SEC monomer loss/aggregate increase >5%
absolute versus pre-dry control.
Rescue Pivot: If chemistry stabilizes but reconstitution fails, pivot to lower fill depth, larger pore ice-templated
cake, lower solids, or two-stage buffer ingress/mixing geometry. If reconstitution is good but stability fails, pivot to
trehalose:sucrose optimization, lower residual moisture, higher Tg excipients, or remove/replace impurity-prone LEA
component. If particles are silk-derived, reduce silk fraction or use defined silk-like peptide with tighter beta-sheet
control.
Cost: USD 15k-60k if SEC/DSC/Karl Fischer are available in-house; USD 50k-120k with outsourced analytics and
custom dual-chamber cartridge fixtures.
Time to Signal: Initial reconstitution and viscosity signal in 1-2 weeks; stability/potency signal in 4-6 weeks
including 30 day accelerated storage.

Refinement Deltas
Risks Addressed:

* Porous morphology may improve wetting but increase surface area, accelerating oxidation, interfacial
denaturation, or moisture uptake.
* Residual moisture control in a dual-chamber syringe is harder than in sealed lyophilization vials; elastomer and
buffer chamber water vapor may plasticize the glass.
* LEA-like IDPs and silk components create CMC burden: impurity profile, immunogenicity, batch variability, and
release assays may overwhelm the practical advantage.

Red-Team:
* Challenge: Porous morphology may improve wetting but increase surface area, accelerating oxidation, interfacial
denaturation, or moisture uptake.
* Challenge: Residual moisture control in a dual-chamber syringe is harder than in sealed lyophilization vials;
elastomer and buffer chamber water vapor may plasticize the glass.
* Challenge: LEA-like IDPs and silk components create CMC burden: impurity profile, immunogenicity, batch
variability, and release assays may overwhelm the practical advantage.
* Challenge: Fast buffer ingress could still create local high-solids fronts that shear or aggregate fragile biologics,
especially mRNA/LNPs or high-concentration antibodies.
* Challenge: Cake friability during shipping may generate fines that reconstitute as subvisible particles or clog the
bypass/channel.

Budget Ranges
Prototype: $120,000
Pilot: $850,000
Scale: $4,500,000

30/60/90 Plan
Day 30: Synthesize and characterize recombinant silk-like polypeptide and LEA-IDP at 50 mg scale; establish
baseline lyophilization cycle with trehalose; confirm Tg >= 60degC by DSC and residual moisture <= 2% by Karl
Fischer on model protein (BSA or IgG surrogate)
Day 60: Screen 12-16 formulation variants (silk 2-10%, IDP 5-20%, sugar 60-85%) for cake appearance,
reconstitution time (<30 s target), and retained activity (ELISA/SEC) after 4-week 40degC stress; select top 2
candidates for dual-chamber syringe integration and mRNA payload testing
Day 90: Demonstrate >=80% mRNA transfection activity (luciferase reporter in HEK293) after reconstitution from
dual-chamber syringe prototype; complete 3-month real-time 25degC stability data point; draft CMC excipient
qualification package and identify GMP-capable IDP contract manufacturer
Dominance Axis: faster_validate -- Known aqueous drying chemistry in standard dual-chamber syringes with
rapid, low-shear reconstitution.



Bold Concept
ALD-like angstrom polymer skins on single biologics
novelty: 9 | feasibility: 3 | economic_leverage: 7 | testability: 5 | robustness: 4 | constraint_fit: 8 | explainability: 6

Overall: 6 / 10 -- Strong

Snapshot: sha256:47657d05f7cacfa0...

Constraint Compliance: Compliant (constraint_fit=8)

Sequential, self-limiting aqueous polymer exposures deposit pinhole-free 2-5 nm zwitterionic shells
around individual biologics such as proteins, antibody fragments, and RNA complexes. This
angstrom-precision encapsulation stabilizes fragile macromolecules against aggregation, proteolysis, and
immune clearance without the bulk excipient mass of conventional formulations. Molecularly thin coatings
preserve receptor accessibility while dramatically extending shelf life and in vivo half-life.

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 biologic cargo is wrapped with a 2-5 nm hydrated polyzwitterion/polymer network using ALD-like
sequential, self-limiting solution exposures rather than vapor-phase ALD. Cargo examples: 5-10 nm
proteins/enzymes, IgG fragments, VLPs, or mRNA/LNP-free RNA complexes. The cargo is first given benign,
removable docking points via non-epitope affinity tags or excipients: His6/Ni-NTA, streptavidin-biotin, reversible
aptamer binders, or lipid/oligo adapters for RNA. Alternating exposure A deposits a multivalent docking polymer,
e.g. 5-20 kDa poly(carboxybetaine methacrylate) or PEG-zwitterion copolymer bearing sparse tetrazine/DBCO/NTA
groups. Rinse removes unbound polymer. Exposure B deposits a short bifunctional linker or complementary



polymer bearing norbornene/azide/His/biotin. Each cycle adds roughly 0.3-1 nm, targeting ~3 nm total thickness
after 5-10 cycles. Click reactions are bioorthogonal and aqueous, pH 6.8-7.4, 4-25degC, avoiding direct reaction
with lysine, cysteine, RNA bases, or protein epitopes. The resulting shell is conformal because growth only occurs
near installed docking sites and becomes sterically self-limiting. Protection arises from three effects: physical
restriction of unfolding/aggregation, a nonfreezing hydration layer from zwitterions, and reduced oxygen/interface
exposure during drying. Cleavable units such as MMP-sensitive peptides, disulfides, hydrazones, or acid-labile
acetals are placed every 2-5 kDa of polymer so the coating can disassemble at pH 5-6, in reducing cytosol, or with
a selected enzyme. The shell must be sparse enough to preserve antigen binding or RNA translation after triggered
release while dense enough to improve dry heat stability.

Why Novel
No existing platform achieves true self-limiting, cycle-controlled polymer deposition at the single-macromolecule
level in aqueous phase -- prior art either bulk-coats populations with uncontrolled thickness or uses covalent
conjugation that damages epitopes. The ALD-inspired sequential rinse cycle logic applied to bioorthogonal aqueous
chemistry on individual biologics is a genuinely unexplored design space.

Buildability
Core chemistries (PCBMA synthesis, tetrazine/TCO and DBCO/azide bioorthogonal ligation, His6-NTA
coordination) are individually mature and commercially available, making a first prototype achievable in a standard
biochemistry lab within 6-12 months. The primary engineering challenge is automating the sequential
exposure-rinse cycles at nanogram-scale cargo concentrations while monitoring shell thickness in real time via DLS
or cryo-TEM.

Why Feasible

* Build path needs validation (feasibility=3/10)

Top Risks
* Bioorthogonal reactive groups (tetrazine, DBCO) or NTA-Ni coordination steps partially denature or inactivate
sensitive protein or RNA cargo during cycling
* Polydisperse biologic mixtures yield heterogeneous shell thickness, making batch-to-batch quality control and
regulatory characterization intractable
* Regulatory agencies classify the nano-shell as a novel excipient or combination product, triggering a
decade-long approval pathway that outpaces competitive formulation alternatives

Decisive Test (MDE)
Hypothesis: A ~3 nm bioorthogonal zwitterionic shell assembled through non-native docking handles improves
dry 50degC stability by at least 5x while preserving immediate function and leaving no detectable native
protein/RNA modification.
Setup: Use His6-luciferase or His6-beta-galactosidase as the primary kill/validate cargo. Prepare four arms:
uncoated cargo, cargo plus free polymer mixed once, 5-cycle shell, and 10-cycle shell. Include a deliberately
damaging NHS/polymer chemistry as a positive damage control. Dry equal aliquots with identical buffer/excipient,
store at 50degC and ambient humidity-controlled dry conditions for 0, 1, 3, 7, and 14 days. Rehydrate, optionally
cleave shell, and assay retained enzymatic activity, aggregation, size shift, and chemical modification.
Instrumentation: Plate reader for enzyme activity; SEC-HPLC with UV/fluorescence; DLS or nanoDSF; LC-MS
intact mass and peptide mapping; Karl Fischer or gravimetric residual moisture; optional AFM/TEM/SAXS for shell
thickness.
Kill Criteria: Kill if 10-cycle coating causes >20% immediate activity loss, >1% detectable native covalent adducts,
>10% aggregation, or less than 2x retained activity after 7 days at 50degC versus uncoated control.



Rescue Pivot: If damage occurs, switch from covalent click crosslinking to fully reversible affinity multilayers or
preformed nanogel cages. If protection is weak, increase zwitterion density, optimize drying excipient, or target
multi-copy cargos such as VLPs/LNPs before single proteins.
Cost: $15k-$60k for an externalized enzyme-only decisive study; $75k-$200k if extended to antibody and mRNA
with sequencing and cell translation assays.
Time to Signal: 2-4 weeks for enzyme stability signal; 6-10 weeks for chemical integrity and RNA/antibody
confirmation.

Refinement Deltas
Risks Addressed:

* True angstrom-level conformality on heterogeneous, flexible biologics may be unmeasurable and irreproducible;
DLS size shifts can be misleading.
* Even bioorthogonal handles and affinity tags may alter epitopes, folding, RNA translation, biodistribution, or
immunogenicity.
* A 2-5 nm shell may be too thin to outperform conventional lyoprotectants, sugars, albumin, or optimized
formulation buffers.

Red-Team:
* Challenge: True angstrom-level conformality on heterogeneous, flexible biologics may be unmeasurable and
irreproducible; DLS size shifts can be misleading.
* Challenge: Even bioorthogonal handles and affinity tags may alter epitopes, folding, RNA translation,
biodistribution, or immunogenicity.
* Challenge: A 2-5 nm shell may be too thin to outperform conventional lyoprotectants, sugars, albumin, or
optimized formulation buffers.
* Challenge: Click/docking polymers and cleavable linkers create a new complex nanomedicine CMC and
regulatory burden for each cargo.
* Challenge: Polydisperse mixtures may produce bridges between cargo molecules, causing aggregation rather
than single-particle skins.

Budget Ranges
Prototype: $180,000
Pilot: $1,400,000
Scale: $12,000,000

30/60/90 Plan
Day 30: Synthesize PCBMA-co-tetrazine and TCO-bifunctional linker polymers; validate self-limiting adsorption on
model flat NTA-functionalized surfaces via QCM-D and ellipsometry; confirm <0.5 nm thickness per cycle
Day 60: Apply 2-cycle coating protocol to His6-tagged GFP and a model IgG fragment in solution; characterize
shell thickness by DLS and cryo-TEM; measure retained enzymatic/binding activity vs. uncoated controls; iterate
linker density to minimize activity loss below 15%
Day 90: Demonstrate 3-cycle coating on an mRNA-peptide complex surrogate; run accelerated stability assay
(40degC, 7 days) comparing coated vs. uncoated; present cryo-TEM images confirming uniform 3 nm shell; define
go/no-go criteria for IND-enabling studies and file provisional patent
Dominance Axis: higher_perf -- Molecularly thin shells still minimize excipient mass, with lower risk from
non-damaging assembly chemistry.



Build-First
Low-water trehalose deep-eutectic autoinjector
novelty: 6 | feasibility: 6 | economic_leverage: 6 | testability: 7 | robustness: 5 | constraint_fit: 8 | explainability: 8

Overall: 6.6 / 10 -- Strong

Snapshot: sha256:855b3c404bf8c4e3...

Constraint Compliance: Compliant (constraint_fit=8)

Storing biologics and LNP-mRNA in a low-water trehalose-sorbitol-glycerol deep-eutectic vehicle (water
activity <=0.35-0.50) dramatically slows hydrolysis, oxidation, and RNase activity without requiring
cold-chain freezing. This matters because cold-chain failures account for an estimated 25% of vaccine
spoilage globally, and a room-temperature-stable liquid formulation could transform last-mile delivery in
low-resource settings.

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

assumptions.

Mechanism
A low-water eutectic vehicle is formulated from trehalose, sorbitol, glycerol, and limited RNase-free water to create a
glassy/liquid deep-eutectic-like phase with target water activity aw <=0.35-0.50 while remaining injectable after
dilution. Starting composition to screen: trehalose 20-35% w/w, sorbitol 10-25% w/w, glycerol 15-35% w/w, water
10-25% w/w, plus buffer salts kept minimal to limit osmolality. Trehalose and sorbitol hydrogen-bond with
protein/RNA hydration shells, glycerol plasticizes the matrix and prevents crystallization, and low free water reduces
hydrolysis, RNase activity, oxidation, and microbial growth. High microviscosity lowers oxygen and reactant
diffusion, slowing protein unfolding/aggregation and mRNA phosphodiester cleavage. The formulation is not meant



to be comfortable as a neat bolus; the device uses a dual-chamber autoinjector: chamber A contains 0.2-0.6 mL
concentrated active in eutectic vehicle; chamber B contains 0.5-1.5 mL isotonic diluent, e.g.
phosphate/citrate-buffered saline with 2-5% dextrose or trehalose. A sequential plunger or coaxial needle delivers
the viscous dose followed immediately by a diluent chase, reducing local osmolality, viscosity, and excipient
concentration in the subcutaneous depot. For mRNA-LNPs, the eutectic must preserve LNP diameter, PDI,
encapsulation, and ionizable lipid pKa; for proteins it must preserve monomer by SEC and potency. Mechanical
constraints are severe: viscosity should ideally be <100-200 cP at 20-25 C for 25-27G injection, or <500 cP if using
23-25G, warmed cartridge, and high spring force. Device materials should be cyclic olefin polymer or Type I glass
barrel, fluoropolymer-coated stopper, 316L stainless needle, and low-extractable silicone-free lubrication where
possible.

Why Novel
While lyophilization and individual cryoprotectants are well-established, co-formulating trehalose, sorbitol, and
glycerol into a single injectable eutectic concentrate that is diluted in situ by a co-packaged isotonic chase--rather
than reconstituted ex vivo--has not been reduced to clinical practice. The dual-chamber autoinjector architecture
that performs dilution at the point of injection is the genuinely new integration.

Buildability
All four excipients (trehalose, sorbitol, glycerol, water) are FDA GRAS or already in approved parenteral products,
and dual-chamber prefilled syringes are manufactured at scale by Vetter, Credence, and BD, making a GMP
prototype achievable within 12-18 months. The primary technical hurdle--tuning viscosity below ~50 cP at the
needle tip after chase mixing--is a formulation optimization problem addressable with standard rheology and DoE
screening.

Why Feasible

* Build path is practical (feasibility=6/10)
* Core hypothesis testable quickly (testability=7/10)

Top Risks
* Injection-site pain and tissue damage from transiently hyperosmolar concentrate before complete subcutaneous
dilution
* LNP size instability (aggregation or fusion) in the low-water eutectic environment, compromising transfection
efficiency
* Incomplete or heterogeneous in situ mixing of concentrate and chase bolus leading to variable delivered dose

Decisive Test (MDE)
Hypothesis: A trehalose/sorbitol/glycerol low-water vehicle can deliver >=4-week 40 C stability improvement for a
representative mRNA-LNP or protein while remaining practically injectable and dilutable to tolerable local tonicity.
Setup: Select 3 best formulations with aw <=0.5 and viscosity target <200 cP, plus aqueous and
lyophilized/reconstituted controls. Load model mRNA-LNP or fragile protein at target concentration. Store sealed
cartridges at 40 C and 25 C for 4 weeks. In parallel, inject 0.3-0.5 mL formulation through 25G and 27G needles
using spring-force fixture, followed by 1.0 mL isotonic diluent into agarose/gelatin tissue phantom and ex vivo
porcine subcutaneous tissue. Measure mixing zone and residual hyperosmolar pocket after 5-30 min.
Instrumentation: Water activity meter, rheometer, osmometer, DLS, RiboGreen encapsulation assay,
Bioanalyzer/CE or agarose gel for mRNA, SEC-HPLC and potency assay for protein, syringe force/displacement
tester, high-speed camera, conductivity/osmolality mapping or fluorescent dye imaging in tissue phantom.
Kill Criteria: Kill if no formulation simultaneously meets stability, LNP/protein integrity, injectability, and
dilution-tolerability thresholds versus controls.



Rescue Pivot: If stability works but viscosity/pain fails, pivot to prefilled dual-chamber pen with in-device dilution
immediately before injection, or to lower-solids trehalose/glycerol concentrate requiring cold-chain extension rather
than full ambient stability. If LNPs destabilize, restrict platform to proteins/peptides or screen alternative
polyols/amino acids.
Cost: $15k-$60k using in-house analytics; $75k-$150k if outsourced biologic stability and device-force testing are
required.
Time to Signal: 4-6 weeks for stability signal; 1-2 weeks for injectability and dilution signal.

Refinement Deltas
Risks Addressed:

* Deep-eutectic behavior may be overstated; the mixture may crystallize or phase-separate under shipping
temperature cycles.
* Low water activity that protects RNA/protein may inherently require viscosity and osmolality incompatible with
subcutaneous comfort.
* mRNA-LNPs may not tolerate polyol/glycerol-rich low-water media because lipid phase behavior, PEG-lipid
desorption, or ionizable lipid hydration changes can drive size drift.

Red-Team:
* Challenge: Deep-eutectic behavior may be overstated; the mixture may crystallize or phase-separate under
shipping temperature cycles.
* Challenge: Low water activity that protects RNA/protein may inherently require viscosity and osmolality
incompatible with subcutaneous comfort.
* Challenge: mRNA-LNPs may not tolerate polyol/glycerol-rich low-water media because lipid phase behavior,
PEG-lipid desorption, or ionizable lipid hydration changes can drive size drift.
* Challenge: A diluent chase may not mix fast enough in subcutaneous tissue, leaving a painful hyperosmolar
viscous pocket despite acceptable total injected osmolality.
* Challenge: Regulatory and CMC burden is high: dual-chamber autoinjector reliability, extractables/leachables,
sterility assurance in low-water viscous fill, and comparability to standard formulations.

Budget Ranges
Prototype: $80,000-$150,000 (formulation screening, aw/rheology/stability assays, benchtop dual-chamber
syringe mockups, initial mRNA integrity and LNP sizing studies)
Pilot: $600,000-$1,200,000 (GMP excipient-grade batches, dual-chamber autoinjector tooling, 6-month
accelerated stability, in vitro transfection and cytotoxicity, small animal PK/tolerability)
Scale: $4,000,000-$10,000,000 (IND-enabling tox, Phase 1 clinical manufacturing, commercial autoinjector
partnership, real-time 24-month stability at 25 degC and 40 degC)

30/60/90 Plan
Day 30: Complete literature and IP landscape review; define formulation design space (trehalose 20-35%, sorbitol
10-25%, glycerol 15-35%, water 10-25%); procure excipients and model protein (IgG1) plus luciferase-mRNA LNPs;
set up aw meter, rheometer, and DLS; begin 3x3 DoE matrix on viscosity and aw.
Day 60: Identify top 3 lead formulations meeting aw <=0.50 and viscosity <=200 cP (concentrate) / <=20 cP
(post-chase); run 4-week accelerated stability at 40 degC/75% RH for protein aggregation (SEC-HPLC) and mRNA
integrity (capillary electrophoresis); prototype dual-chamber mixing with benchtop syringe; assess osmolality of
mixed dose.
Day 90: Select single lead formulation; conduct in vitro HEK293 transfection assay vs. standard PBS-LNP control;
perform subcutaneous tolerability pilot in rats (histopathology at injection site, serum osmolality); deliver go/no-go
recommendation with full stability, efficacy, and tolerability data package for IND pre-submission meeting planning.
Dominance Axis: faster_validate -- Uses familiar protectants, but advantage depends on finding a clinically
tolerable viscosity/osmolality window.



Top Uncertainties & Assumptions
* Residual moisture above 2 wt% plasticizes the glass and collapses Tg below storage temperature, causing
aggregation during shelf life
* Recombinant LEA-IDP batches carry host-cell protein impurities that complicate CMC release specifications
and may trigger immunogenicity flags
* Rapid plunger-driven mixing generates localized shear that fragments mRNA payloads, reducing transfection
potency below the 80% activity threshold
* Bioorthogonal reactive groups (tetrazine, DBCO) or NTA-Ni coordination steps partially denature or inactivate
sensitive protein or RNA cargo during cycling
* Polydisperse biologic mixtures yield heterogeneous shell thickness, making batch-to-batch quality control and
regulatory characterization intractable
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