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● Molecular data 

✦ good 
✦ big 
✦ free 

● Pick one



It is a mistake to think you can solve any 
major problems just with potatoes 

- Douglas Adams

Introduction
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Drugs 

Inorganics 

Macromolecules

The venerable Molfile
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Polymers  

Mixtures 

Reactions

DIRECT WRAPPED



● Designed for organic small molecules 

● Limited valence options

Drugs
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● Good enough 
stereochemistry 

● 2D layout: preserves 
drawing nuances

● Organic small molecules are a huge business, but 
there is so much more to chemistry...

zongertinib 
2025
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Inorganics
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zero order/dative bonds explicit valence/H-count

haptic/multicoordinate

inline superatom abbreviations

higher order bonds

coordination 
stereochemistry
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7

● Repeat units quite well 
specified 

● Statistical distribution: 
external
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Polymers
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capped/uncapped

orientation

co-polymers: 
limited specificity

● Repeat units quite well 
specified 

● Statistical distribution: 
external



● Inside molfile: limited ability to mark 
mixture components 

● Preferable: specify a hierarchy (mixfile) 

● Each node can have its own molfile 

● Captures precision & uncertainty

Mixtures
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mix mix



Reactions
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Reactions
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● Canvas style not 
supported



Reactions
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● Canvas style not 
supported

● One molfile per 
component 

● ... and properties



Macromolecules (hiding in plain sight)
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● V3000 molfile feature called SCSR 

● Layout information as 2D sketch 

● Monomers as templates: scalable 

● Self contained, no external 
dictionary 

● Full atomic structure is implied 

● Contains the sequence data for 
bioinformatics

T1

T2

T3



Creeping scope of molecules
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Layers of metadata
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atoms & 
bonds

peptides

nucleotides

fragments

antibodies
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● Everything built on chemistry: no formula left behind



Peptides
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● Sometimes just 
sequence is enough

● Exotic oligomers: the sweet spot for macromolecule feature
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Peptides
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● Sometimes just 
sequence is enough

● Exotic oligomers: the sweet spot for macromolecule feature

Insulin

Oxytocin
WHISKEY 
derivative

Atosiban



● Incoming data: 

● sequences 

● metadata 

● Markup to 
macromolecules 

● Custom types 

● Custom monomers

Bulk import with Vault
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Custom monomers
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● Monomer 
management is 
essential 

● Available at time of 
building 

● Then internal to 
molfile



● Two-stranded RNA/DNA: more control

siRNA
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● Two-stranded RNA/DNA: more control

siRNA

16

custom phosphates & sugars end-cap

overhang
mismatch

hairpin loop



DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSR
SGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVV
CLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC{VL:1-107}{CL:108-214}{@214:1}

Li
gh

t
H
ea

vy

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRYADSVK
GRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSASTKGPSVF
PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
KVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 
{VH:1-120}{CH1:121-218}{CH2:234-343}{CH3:344-450}{H:219-233}{@223:1}{@229:2}
{@232:3}{$264:1}{$324:1}{$370:1}{$428:1}

Domain Region

Hinge Region

Disulfide Bridge

Drug Conjugate Site

Antibodies

17



Antibodies

17



Antibodies

17



Antibodies

17



Antibodies

17



Antibodies

17



Biology layer
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● Draw basic Y-shape outline
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Biology layer
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● Draw basic Y-shape outline

● Segment domain regions

● Inter-chain disulfide links

● Intra-chain disulfide links

● Sequence barcoding 

● ... chemistry, biochemistry 
and biology
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Drug conjugates
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● Anchor point is indicated
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● Tethered initial 
placements

19

● Anchor point is indicated



Drug conjugates
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● Tethered initial 
placements

● Rigid body position 
optimization 

● Underlying chemistry is 
fully preserved
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● Anchor point is indicated



● Molfiles can represent a lot of chemistry and biology 

● Sometimes need to encapsulate molfiles 

● Everything can be reduced to the correct set of atoms & 
bonds with sensible valences 

● Preserving layout: helps for perception 

● Self-contained context: no global dictionaries 

● Sometimes need conventions (e.g. antibodies) 

● A lot of work to be done with using these capabilities

Conclusion
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