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What is a “large molecule”?

• An increasingly important set of chemicals with 
more than 1,000 atoms and bonds

• Often these are biopolymers
• amino acids, nucleic acids, carbohydrates

• Often contain more than known bio-monomers
• linkers, functionalized, post-translational 

modifications (PTMs)

• Often containing some degree of uncertainty in 
its composition

• unknown sections, variable repeating units, unknown 
connection points, multiple possible connection 
points, probabilities of different monomers, mixtures

(a.k.a., ‘macromolecule’)

(and lipids?)

Image credit:
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Why InChI for “large molecules”?

• InChI was designed with “small molecules” in mind
• Chemical informatic approaches are increasingly 

expected to handle entities beyond small molecules
• Canonicalization approaches lacking for large molecules 

containing more than linear sequences of “monomers”
• Cannot simply increase the allowed count of 

atoms/bonds
• Excessive compute time
• InChI too long
• Greater chance of InChIKey collisions

• New algorithms or approaches needed to improve utility

3



“Large molecule” effort aims?

• Help to further validate the limits of the 
experimental 32K atom/bond limit of InChI

• Provide ‘enhanced’ large molecule 
optimized capabilities

• more compact representation, extra layers
• each layer handling a degree of 'sameness'

• Canonicalize large molecule representation
• Reduce the computation complexity to 

work with large molecules
• e.g., “pseudo atoms” for common monomers

• Handle large biopolymer containing 
molecules with variability

Image credit:
https://www.health.harvard.edu/media/content/images/TargetBullseye_ML1602_ts78818071.png



How will these aims be accomplished?

• DyVInChI - dynamic variable InChI, 
pseudo atoms

• Use predefined 'well behaved' monomers, 
no variation allowed

• Leverage pre-existing file formats
• Biovia MOL/SDF Self-Contained Sequence 

Representation (SCSR), ChemAxon
extended SMILES, and Pistoia HELM

• Design a layered ‘large molecule’ 
specification built on-top-of the InChI 
code base

Image credit:
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Progress towards large molecules in InChI?

• Max limit of 1K atoms/bonds 
increased to 32K  (v1.0.5)

• Two mini-proposals  
circulated

• Any atom (‘Zz’) added (v1.0.6)
• Worked with HELM (Claire 

Bellamy) to establish a set of  
‘common’ monomers using 
SugarNSplice (NextMove
Software)



HELM collaboration to find a ‘common’ set of 
biopolymer monomers
• Create a list of ‘common’ biopolymer monomers
• Detect and prioritize biopolymers for inclusion in terms of:

• Found in PubChem chemical records (frequently found)
• Found in ChEMBL (measure of drug discovery importance) 
• Found in PubMed articles (measure of biomedical importance)
• Found in patent records (measure of general utility)

• Examined amino acids, nucleic acids, and carbohydrates/glycans
• Future work is to formulate these into a ‘pseudo atom’ scheme

• Compress the molecule graph when the molecule is ‘large’ and when it is primarily 
comprised of biopolymer monomers

• Explore use of the InChI algorithm to canonicalize the graph of pseudo atoms 

Including PubChem and ChEMBL



Variability handling proposal 



What is needed?

• Volunteers to contribute:
• Expertise
• Use cases

bolton@ncbi.nlm.nih.gov
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