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Abstract

DNA-encoded chemical libraries (DECLs/DELSs) enable the pooled synthesis and selection of millions
to billions of DNA-barcoded small molecules, providing an efficient route to discover binders and
early leads against diverse biological targets. As DEL-derived programs advance toward identifying
clinical candidates, the asset surface of a DEL platform expands from a small set of optimized hits to
include library designs, building-block combinations, DNA tags, selection data, and physical library
stocks, thus creating new challenges in registration, traceability, and scalable ownership in transfer
practices. Non-fungible tokens (NFTs) are unique blockchain-native tokens that can represent digital
assets that can be coupled to smart contracts to enable traceable transactions and programmable
rights management, which inspire proposals to tokenize intellectual-property (IP) assets such as
patents. Here, we review (i) the scientific and commercial value of DEL in modern drug discovery,
(ii) NFT/blockchain concepts, specifically in reported biomedical-IP and supply-chain use cases, and
(iii) a conceptual architecture for NFT-enabled registration and controlled transfer of DEL libraries
or sublibraries using on-chain identifiers with off-chain encrypted metadata and legal agreements.

Keywords: DNA-encoded chemical library; DEL; DECL; non-fungible token; NFT; blockchain;
intellectual property; provenance; technology transfer

1. Introduction

DNA-encoded chemical libraries (DELs) couple small molecules to DNA barcodes, enabling
pooled selection against targets and sequencing-based identification of enriched ligands at a scale
that far exceeds conventional plate-based screening logistics. Because DEL campaigns can interrogate
enormous chemical spaces quickly and with low material consumption per member, DEL has become
a mainstream modality for ligand discovery and hit generation across diverse target classes.
However, DEL'’s scale also creates a rights-management bottleneck, such as infeasibility to patent
“everything that could be made” in a DEL. Still, it is equally risky to leave valuable library-derived
chemical matter and selection datasets without robust evidence of provenance, timing, and
ownership/control.

Blockchain and NFT technology have been proposed as mechanisms for immutable
timestamping, tamper-evident provenance, and programmable ownership/rights management for
cryptographically unique digital assets, including frameworks that explicitly discuss representing
patents as NFTs. This review explores whether an NFT-enabled registration and transfer layer could
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complement existing IP and internal governance practices for DEL platforms, especially when the
“asset unit” is defined at the library or sublibrary level, rather than per enumerated compounds.

2. DNA-Encoded Chemical Libraries in Drug Discovery: Value, Scale, and
Translation

DELs are collections of small molecules covalently linked to DNA tags that serve as amplifiable
barcodes. These barcodes enable pooled handling and selection against protein targets followed by
sequencing-based identification of enriched binders. Modern DEL workflows integrate DNA-
compatible chemistry, split-and-pool synthesis logic, affinity selection, next-generation sequencing,
and computational deconvolution, allowing libraries that can reach millions to billions of members
in a practical experimental footprint. As an example, a concrete translational signal is the existence of
DEL-enabled discovery programs that progressed to clinical candidates, including well-documented
RIPK1 inhibitor series where DEL played a role in hit identification and subsequent optimization
toward clinical candidates. The growing diversity of DEL chemistries and selection modalities have
led to systematic off-DNA resynthesis and structure-activity relationship (SAR) development. [1-3]
The large scale of DEL changes the composition of “what must be managed,” since library design
files, barcode maps, building-block inventories, QC artifacts, and selection datasets become as
important as the isolated compounds in the value chain. [2,4,5] Accordingly, DEL programs can be
viewed as data-and-material hybrid assets, where the physical library stock and the digital
representation of its selection history must remain synchronized to preserve reproducibility and
downstream utility. [4-7]

3. Why Conventional IP and Asset-Management Workflows Strain at DEL Scale

Patent and trade-secret strategies for small molecules have historically been optimized for a
limited set of lead series and discrete optimized structures, whereas DEL platforms generate and
curate a far larger “pre-lead” universe where many members can never be individually
resynthesized. [8,9] Though patenting is pursued only for prioritized DEL series, organizations still
need internal mechanisms to establish provenance, document library creation, and control access to
library designs and physical stocks across teams, partners, and time. [4] Moreover, DEL data analysis
itself has recognized complexity sources, such as count-affinity relationships, frequent hitters,
inhomogeneous composition, DNA damage, and linker effects, that motivate careful recordkeeping
of library synthesis and selection context to interpret results reliably.[6] Thus, a “library registration”
problem emerges: stakeholders may want verifiable timestamps and audit trails for when a library
existed, what it contained, and who controlled access at key decision points. Traditional enterprise
tools (ELN/LIMS, internal repositories, and contract documents) can store such information but
cannot provide a single tamper-evident, cross-organization provenance layer that remains consistent
when assets are transferred between entities or when collaborations dissolve and restart years later.
[4,10-13]

In a biomedical context, the blockchain has been repeatedly proposed as a mechanism to provide
immutable logging and shared auditability across parties that do not fully trust each other,
suggesting an analogy for cross-institution DEL collaborations and licensing workflows. [10-14] A
blockchain-based registry provides a single append-only audit trail that can be verified by any
authorized party, thus reducing DEL reliance on third-party notarization. However, healthcare
blockchain literature also stresses that native on-chain storage is impractical for large datasets due to
privacy, governance, and regulatory constraints that often necessitate hybrid on-chain/off-chain
architectures, which is relevant for sensitive DEL designs and selection data.[10-13,15-17]

Therefore, the question is not whether NFTs can replace patents on DELs, but whether NFTs can
serve as a scalable registry and transaction primitive that complements legal instruments while
preserving confidentiality and enabling controlled transfer of rights to use a library or its
derivatives.[14,18]
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4. NFTs and Blockchain for Syntheric Chemistry: Concepts and Reported
Biomedical-Industrial Patterns

A blockchain is a distributed ledger technology that records transactions in a tamper-evident
manner across a network of participants, and it is frequently discussed in healthcare as a way to
improve integrity, auditability, and multi-party coordination where trust is fragmented.[10-13]
Smart contracts are programmable logic deployed on certain blockchain platforms that automate
conditional actions and logging, thus motivating frameworks for automated governance in data
sharing, monitoring, and supply-chain contexts.[13,19,20] In healthcare prototypes, smart contracts
have been implemented for event logging and access actions, illustrating the feasibility of coupling
real-world processes to on-chain records while preserving an auditable trace.[19]

An NFT is commonly defined as a unique, non-interchangeable token recorded on a blockchain
that can represent a digital asset and can be transferred while retaining a transparent transaction
history.[18,21-24] Recent biomedical discussions of NFTs have focused on potential use cases such
as data provenance, credentialing, patient controlled data access, and incentive mechanisms, while
simultaneously noting unresolved issues in governance, interoperability, privacy, and speculative
misuse.[21-24]A key technical design pattern across healthcare blockchain reviews is to store only
minimal identifiers, hashes, and permissions on-chain, while keeping sensitive or large payloads off-
chain in controlled repositories, which reduces privacy leakage and addresses scalability
constraints.[10-13,15,17,25]

For pharmaceutical supply chains, blockchain has been investigated as a means to improve
traceability and detect falsified or substandard drugs, providing an existence proof that multi-
stakeholder chemical-product ecosystems potentially benefit from shared provenance layers.[26-28]
These patterns imply that an NFT-enabled DEL registry should treat a DEL as a permissioned
information object whose on-chain footprint is a cryptographic commitment and pointer, rather than
an on-chain disclosure of uniquely synthesized chemical structures that could undermine
confidentiality or patent strategy.[14,15,17,18,25]

5. Tokenizing Patents and IP

Peer-reviewed literatures, although there have been much more practical but unreviewed cases
and actions, explicitly proposing “patents as NFTs” emphasize that NFTs provide traceable
ownership records, facilitate market liquidity, and enable programmable royalty logic, while also
stressing that legal enforceability and standardization remain open challenges.[14,18] In biomedical
innovation contexts, blockchain-based frameworks have been proposed to secure IP transactions and
reduce transaction costs in multi-stakeholder settings, reflecting a broader trend toward
“infrastructure for collaboration” rather than purely speculative crypto-assets.[14] This point is
relevant for pharmaceuticals because many valuable preclinical assets, including platform know-
how, datasets, and early-stage chemical matter, are routinely shared via NDAs, MTAs, and licensing
agreements that require auditable records, clear scope, and friction-reduced contracts.[14,18] From a
design perspective, NFT-based IP frameworks typically decompose the system into identity and
permission, asset metadata standardization, token minting and wallet custody, transaction execution,
and dispute-governance layers, which can be mapped onto DEL assets with appropriate domain-
specific metadata.[14,18]

The core claim that can be made is therefore not that NFT tokenization replaces formal patent
filing, but that it can provide a tamper-evident registry and transaction log that complements IP
operations and potentially enable steps from novel licensing to royalty automation if coupled to
enforceable contracts.[14,18] Because DEL assets are often mixtures plus metadata rather than
individually isolated compounds, the unit of tokenization should be carefully chosen (e.g., library,
sublibrary, selection dataset, or a validated hit series) to align with what can be legally transferred
and experimentally reconstituted.[2,4,5,14,18]
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6. Applying NFTs to DEL: Conceptual Architecture, Benefits, and Limitations

6.1. Asset Definition and Tokenized Selection

A practical NFT-for-DEL design begins by defining an “asset unit” that is meaningful
scientifically and legally, such as a complete DEL, a sublibrary defined by scaffold building-block
partitions, or a selection package that bundles selection conditions and enriched hit lists.[2,4,5,14]
This asset definition should explicitly include both (i) physical material custody where applicable
and (ii) the digital description needed to interpret or reproduce the asset.[4,5] Hierarchical
tokenization should be used to avoid minting billions of NFTs for each small molecule in a DEL by
issuing a master token for the library and derivative tokens for sublibraries or curated subsets, which
mirrors how DEL is operationally managed in pools rather than as isolated members.[2,5,7]

6.2. Hybrid on-Chain/off-Chain Metadata with the Confidentiality by Design

Healthcare blockchain reviews frequently conclude that large or sensitive payloads should
remain off-chain, and that on-chain data should be limited to hashes, pointers, and access-control
events, which is directly applicable to DEL designs that would embody trade secrets or pre-patent
information.(10-13, 15, 17, 25) Accordingly, the NFT metadata can store a cryptographic hash of an
encrypted “DEL package” including design files, synthesis route summary, barcode map, QC
summaries, and selection provenance, while the package itself is stored in controlled infrastructure
with role-based access. (10-13, 15, 17, 25) A minimal, domain-appropriate metadata standard is
essential for interoperability, which can be established by encoding a unique library identifier, asset
unit type, creation timestamp, a cryptographic hash of the associated off-chain DEL, and ownership
references. This approach supports tamper-evident integrity checking, as any change to the DEL
package would break the on-chain hash match without publishing chemical structures to a public
ledger.(10-13, 18)

6.3. Transaction and Transfer Workflows from Registry to Rights Movement

NFT transfers can provide a transparent transaction history, but peer-reviewed IP-tokenization
work stresses that enforceable meaning requires coupling token transfers to off-chain legal
agreements that define what rights move such as sublicense, reproduce, resynthesize, or access data,
and under what constraints.[14,18] A workable workflow is to bind each NFT to (i) an
NDA/MTA/license template, (ii) a controlled data-room access policy, and (iii) a physical chain-of-
custody procedure for any transferred library stock, thereby aligning cryptographic ownership with
operational control.(14, 18, 26-28)

Smart contracts can automate milestone logging, time-bounded access, and royalty-trigger
events, but healthcare smart-contract literature also emphasizes the need for careful governance and
security review to avoid brittle automation and unintended disclosures.[19,20]

6.4. Expected Positive Impacts for Pharma DEL Operations

A primary benefit for storing DELs as NFTs is providing tamper-evident timestamping and
provenance, which healthcare blockchain literature frames as a way to reduce disputes and increase
auditability in multi-party settings that lack a single trusted administrator.[10-14] For DEL, this can
translate into standardized “library birth certificates” that record creation events, versioning of
barcode maps, and custody transitions, improving continuity across personnel turnover and long
program timelines.[4,5,14] A second benefit is establishing a scalable registry and enabling the
discovery of assets, because tokenization frameworks for IP discuss how standardized metadata and
transparent ownership logs can reduce friction in licensing and collaboration marketplaces.[14,18] A
third benefit is promoting programmable incentives, where NFT-linked royalty logic is proposed as
a way to enable downstream value sharing, which could be relevant for cross-company
collaborations, CRO-mediated screening, or academic-industry DEL partnerships.[14,18] Finally,
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blockchain supply-chain work in pharma suggests that provenance layers can strengthen trust in
distributed ecosystems, implying that a similar approach may help govern the movement of DEL
materials and datasets across organizational boundaries.[26-28]

6.5. Risks, Drawbacks, and Unresolved Questions

Legal enforceability remains the primary limitation, as peer-reviewed “patent-as-NFI” work
repeatedly notes that token records must be anchored to recognized legal instruments and that
jurisdictions may not treat token possession as equivalent to IP title.[14,18] Confidentiality risk is also
substantial, since metadata leakage (e.g., target name, scaffold hints, or timestamps) could
compromise competitive positioning, motivating privacy preserving designs, and careful selection of
what is placed on-chain.[14,15,17,18,26] Scalability and operational overhead are nontrivial, as
healthcare blockchain systematic reviews repeatedly identify interoperability, governance, identity
management, and integration with legacy systems as major adoption barriers.[10-13,17] Smart
contract risk is not theoretical, because healthcare smart-contract discussions emphasize that
correctness, security audits, and clear dispute-resolution mechanisms are prerequisites for safe
automation in high-stakes contexts.[19,20] Finally, scientific interpretability constraints in DEL, such
as data artifacts and context dependence in selection readouts, mean that ownership transfer must
include sufficient method and QC provenance to avoid transferring an asset that is legally “owned”
but scientifically ambiguous.[5]

6.6. Implementation Roadmap

A practical first pilot is library-level tokenization for a limited number of internal DELs, using a
permissioned blockchain and off-chain encrypted storage to test integrity, access logging, and
custody transfer without exposing competitive chemistry.(10-15, 17, 26) A pharmaceutical
organization could mint an NFT to store the design files and barcode maps of a newly synthesized
DEL with compatibility to upload subsequent datasets as derivative tokens referencing the parent
library while keeping an uninterrupted license agreement. A second phase can extend to external
collaborations by binding NFT transfers to standardized NDAs/MTAs and controlled data rooms,
thereby testing whether token-based registries reduce negotiation friction while maintaining
confidentiality.[14,18] A third phase can explore revenue-sharing or licensing automation for curated
hit series or validated tool compounds, where the “asset unit” is experimentally grounded and legal
scope is easier to define than for an entire enumerated library.[2,4,14,18] (Figure 1) Throughout,
governance should be treated as a first-class design variable, consistent with healthcare blockchain
lessons that technical immutability does not eliminate the need for clear policies, identity controls,
and dispute pathways.(10-13, 17, 20).
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Figure 1. Technical schematic for NFT-enabled DEL registration and transfer. Schematic for an NFT-enabled
hybrid on-chain/off-chain framework to register and transfer DNA-encoded chemical library (DEL) assets. A
scientifically and legally meaningful DEL “asset unit” (library/sublibrary/selection package) is bundled into an
encrypted off-chain DEL package whose integrity is committed on-chain via a cryptographic hash and a pointer
URI A permissioned NFT registry records minimal metadata and smart-contract records (mint/transfer/access-
grant/milestone/royalty logs) while enforceable rights are defined by linked NDA/MTA/license agreements and,
where applicable, physical chain-of-custody with QC provenance. Callouts summarize expected impacts, risks,

and a phased implementation roadmap.

7. Conclusions

DEL technology has become a mainstream platform for small-molecule discovery and has
demonstrated credible translational outputs, while simultaneously creating a large and complex
surface of library-scale assets that strain traditional registration and transfer workflows. NFT and
blockchain concepts, especially the peer-reviewed proposals for tokenizing patents and securing IP
transactions, suggest a plausible direction for building a scalable, tamper-evident registry layer that
can complement legal agreements rather than replace them. For DEL specifically, the most defensible
near-term design is a hybrid architecture that stores minimal commitments on-chain and keeps
sensitive chemical metadata off-chain under access control, coupled to enforceable
NDAs/MTAs/licenses and physical chain-of-custody procedures. The key research agenda is
therefore technical information including standardizing DEL token metadata, validating governance
models, quantifying transaction-to-cost reductions, and ensuring confidentiality and compliance in
real world pharma collaborations. If these gaps are addressed, NFT-enabled DEL registries could
evolve from “speculative crypto tooling” into a practical infrastructure for scalable, auditable, and
market compatible management of ultra large chemical asset collections.
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