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PepEdes	  

TherapeuEc	  
Proteins	  

ADCs	  

AnEbodies	  

Vaccines	  

ASOs	  	  
siRNAs	  

•  The pharm/biotech industry 
has been shifting from small 
molecules to biologics 

•  The types of biologics are 
quite diverse 

•  Most biologics are chemically 
modified 

Biotherapeutics 
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The Informatics Challenge 
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Small	  
Molecules	   Sequences	  

How	  to	  represent	  chemically	  modified	  biopolymers	  so	  that	  they	  are	  machine	  readable,	  	  
and	  we	  can	  build	  informaEcs	  tools	  to	  facilitate	  their	  research	  and	  development?	  

CheminformaEcs	  Tools	   BioinformaEcs	  Tools	  
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Biomolecule Structure Formats 
•  CHUCKLES 

–  Siani et al, J. Chem. Inf. Comput. Sci. 1994, 34, 588-593 
–  Peptide and analogs 

•  Protein Line Notation (PLN) 
–  Jensen et al, J. Chem. Inf. Model. 2008, 48, 2404–2413 
–  Protein and Peptide 

 
•  Self-Contained Sequence Representation (SCSR) 

–  Chen et al, J. Chem. Inf. Model., 2011, 51(9), 2186-2208 
–  Enhanced MOLFILE V3000 format 
–  All biologics 
 

4 



©
 P

is
to

ia
 A

lli
an

ce
 

HELM Line Notation 
•  Hierarchical Editing Language for Macromolecules 

–  J. Chem. Inf. Model 2012, 52, 2796-2806 
 

•  Notation Language for polymers 
–  Vocabulary (Monomers) 
–  Grammar (Syntax) 

 
•   Hierarchical 

–  Complex Polymer 
–  Simple Polymer 
–  Monomer 
–  Atom  

•    HELM to macromolecules 
–  SMILES or InChi to small molecules  
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•  Higher	  level	  components	  are	  a	  combinaEon	  of	  lower	  level	  components	  

	  

Structure hierarchy 

Monomer	  

Atom	  

Simple	  polymer	  

Complex	  polymer	  

Hi
gh
	  

Lo
w
	  

•  Molecules	  described	  by	  a	  HELM	  
notaEon	  consist	  of	  atoms	  and	  
bonds	  
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•  Higher	  level	  components	  are	  a	  combinaEon	  of	  lower	  level	  components	  

	  

Structure hierarchy 

Monomer	  

Atom	  

Simple	  polymer	  

Complex	  polymer	  

Hi
gh
	  

Lo
w
	  

•  Each	  monomer	  is	  given	  a	  unique	  ID,	  
and	  is	  backed	  by	  its	  structure	  and	  
aXachment	  points	  
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•  Higher	  level	  components	  are	  a	  combinaEon	  of	  lower	  level	  components	  

	  

Structure hierarchy 

Monomer	  

Atom	  

Simple	  polymer	  

Complex	  polymer	  

Hi
gh
	  

Lo
w
	  

•  Linear	  chains	  of	  monomers	  for	  a	  
single	  polymer	  type	  (e.g.	  
pepEde	  chain,	  singular	  nucleic	  
acid	  strand)	  

Type	   Monomer	  (unit)	  
PepEde	   A	  -‐	  Alanine	  

Nucleic	  
acid	  

R(A)P	  
R	  –	  Ribose	  
A	  –	  Adenine	  
P	  –	  Phosphate	  

Chem	   [PEG3]	  –	  PegylaEon	  
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•  Higher	  level	  components	  are	  a	  combinaEon	  of	  lower	  level	  components	  

	  

Structure hierarchy 

Monomer	  

Atom	  

Simple	  polymer	  

Complex	  polymer	  

Hi
gh
	  

Lo
w
	  

•  EnEre	  chemical	  structure	  
informaEon	  of	  the	  
macromolecule	  

•  List	  of	  simple	  polymers	  
•  List	  of	  connecEons	  
•  List	  of	  hydrogen	  bonds	  
•  List	  of	  annotaEons	  
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Linear Peptide 
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Short Hairpin RNA 

HELM	  notaEon:	  
RNA1{R(G)P.R(G)P.R(C)P.R(A)P.R(C)P.R(U)P.R(U)P.R(C)P.R(G)P.R(G)P.R(U)P.R(G)P.R(C)P.
R(C)}$$RNA1,RNA1,11:pair-‐32:pair|RNA1,RNA1,5:pair-‐38:pair|
RNA1,RNA1,14:pair-‐29:pair|RNA1,RNA1,8:pair-‐35:pair|RNA1,RNA1,2:pair-‐41:pair$$	  
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Oligonucleotide Peptide Conjugate 
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Pistoia Alliance HELM Project 

•  The Pistoia Alliance is a global, non-profit alliance of 
life science companies, vendors, publishers, and 
academic groups that work together to solve 
common problems and lower barriers to innovation 
in R&D (http://www.pistoiaalliance.org) 

•  Transition HELM technology from Pfizer proprietary 
to Open Source (http://www.openhelm.org) 
–  Provide an industry-wide standard for data exchange 

within and between organizations 
–  Reduce software development costs by minimizing the 

need for companies to develop similar functionality 
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Open	  Source	  

AP
I	  

HELM	  NotaEon	  Toolkit	  

HELM	  Editor	  

hXps://github.com/PistoiaHELM	  

•  MIT	  license	  
•  Source	  Code	  
•  Binary	  DistribuEon	  
•  Editor	  Demo	  
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HELM Extension (1.1) 
•  In-line HELM 

–  Enables the incorporation of ad-hoc monomer into HELM notation 
PEPTIDE1{G.[[*]N[C@@H](C=O)C([*])=O	  |$_R1;;;;;;_R2;$|].C.D.E.H}$$$$	  	  

•  Exchangeable HELM 
–  Enables the exchange of biomolecule structure across 

organizations without sharing monomer database 
<?xml	  version="1.0"	  encoding="UTF-‐8"?>	  
<Xhelm>	  
	  	  <HelmNotaEon>PEPTIDE1{H.[dE].[dL].M}$$$$</HelmNotaEon>	  
	  	  <Monomers>	  
	  	  	  	  <Monomer>	  
	  	  	  	  	  	  <MonomerID>M</MonomerID>	  
	  	  	  	  	  	  <MonomerSmiles>CSCC[C@H](N[*])C([*])=O	  |$;;;;;;_R1;;_R2;$|</MonomerSmiles>	  
	  	  	  	  	  	  ….	  
	  	  	  	  	  	  ….	  
	  	  	  	  </Monomer>	  
</Monomers>	  
</Xhelm>	  
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Beyond Specific Structures 
•  While HELM 1.x enables the unambiguous 

representation of complex polymeric structures 
where all monomers, simple polymers and 
connections are known, there are many examples 
where at least one of the structure features is not 
fully known.  
–  ADC from random lysine conjugation 

•  There is a need to extend HELM for ambiguous 
polymeric structures 

•  Furthermore, there is a desire to enhance HELM’s 
annotation capability. 

17 
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HELM 2 (Draft): Ambiguity 
•  Monomer 

–  Unknown monomer  
•  Single: X for Peptide, N for DNA/RNA 
•  Multiple: * for 0-n monomers 

–  Missing monomer: _ 
•  Simple Polymer 

–  Unknown polymer type: BLOB#{PolymerType} 
–  Unknown structure: SimplePolymeID{*} 

•  Connection 
–  Unknown monomer position: MonomerIDs or * 
–  Unknown attachment point: * 

•  List (Monomer/Simple Polymer) 
–  OR relation with optional probability:  

•  (Element1:Prob1,Element2:Prob2) 
–  AND relation with optional ratio: 

•   (Element1:Ratio1+Element2:Ratio2) 
–  Monomer group: implicit (inline) 
–  Simple polymer group: explicit (predefined) in section 3, G1,G2… 
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HELM 2 (Draft): Annotation 
•  Inline Annotation: Double Quoted Text “Annotation” 

–  Applicable after Monomer, Simple Polymer, Grouped Polymer 
and Connection 

–  A.G.C”mutation of A”.E  => C is a mutation of A 
–  PEPTIDE1{*}”IL6”  => PEPTIDE1 has no sequence, but has 

the name of IL6 

•  Monomer Repeating Units: Single Quoted Number 
‘RepeatingUnits’ 
–  Apply after Monomer 
–  D.R.E.A’5’  == D.R.E.A.A.A.A.A 

•  Extended Annotation: Section 4, JSON format 
–  Can reference elements in HELM structure hierarchy 
–  PEPTIDE1{A.G.C.D.E.F}$$${“PEPTIDE1”:{“target”:”jak3”}}$ 
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HELM 2 (Draft): ADC Example 

PEPTIDE1{G.A’5’.D..}|PEPTIDE2{..}”lc”|CHEM1{..}$ 
PEPTIDE1,PETPDIE2,35:R3-45:R3|G1,CHEM1,C:R3-1:R1$ 
G1{PEPTIDE1+PEPTIDE2}”Her2 Antibody”|G2{G1+CHEM1:4.2)$ 
{“ID”:”ADC-5”,”CHEM1”:{“Linker”:”mc”,“Payload”:”MMAE”}}$ 
V2.0 
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Monomer	  RepeaEng	  Units	  
Inline	  AnnotaEon	  

Monomer	  PosiEon	  Ambiguity	  

HELM	  Version	   Simple	  Polymer	  Groups	   JSON	  AnnotaEon	  
DAR	  =	  4.2	  



©
 P

is
to

ia
 A

lli
an

ce
 

The HELM Ecosystem 

•  Pharma / Biotech / Institutes 
–  BMS, GSK, Lundbeck, Merck, 

Novartis, Pfizer, Roche 

•  Software vendors 
–  ACD/Labs, Arxspan, Biochemfusion, 

BioMax, Biovia, ChemAxon, 
NextMove, Scilligence 

•  Content / Service Providers 
–  EBI (ChEMBL), eMolecules, quattro 

•  Active discussions on-going with 
others 

–  e.g. FDA 
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www.OpenHelm.org	  
info@openhelm.org	  


