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Why Is biomolecular
representation an issue?

And why talk about it here?



Why Now?

Best selling pharmaceuticals 2015

Rank Drug

1 Adalimumab

5 Ledipasvir/sofosb
uvir

3 Etanercept

4 Infliximab

5 Rituximab

6 Insulin glargine

7 Bevacizumab

8 Trastuzumab

9 Lenalidomide

10 Sofosbuvir

Trade name Type

Humira

Harvoni

Enbrel

Remicade

Mabthera
Rituxan

Lantus
Avastin

Herceptin

Revlimid

Sovaldi

Biologic

Small
molecule

Biologic

Biologic

Biologic

Biologic
Biologic

Biologic

Small
molecule

Small

molecule

Main indications Company
—Rheu'rr'latmd AbbVie Inc.
arthritis E——
Hepatitis C Gilead
Sciences
—Rheu'rr?atmd Amgen Pfizer
arthritis
Crohn's Dlsease Johnson &
Rheumatoid D
- Johnson
Arthritis -
Lymphoma
Leukemi
=eukemia gmla Roche
Autoimmune -
disorders
Diabetes mellitus  Sanofi
Metastatic cancers Roche
Breast cancer Roche
Multiple myeloma
Myelodysplastic Celgene
syndromes
Hepatitis C Gilead
e Sciences

Sales (USD

millions/year)

14,012

13,864

8,697

8,355

7,115

7,029
6,751
6,603

5,801

5,276

Source Wikipedia

Pistola
Alliance

Avs 2014

1,469

11,737

4,009

1,487

1,456

51
270
265

821

(5,007 4
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So what Is the problem? Pistolz

Alliance
Small molecule representation is well understood and has been
used for many years.

Although there are still areas to talk about the fundamentals are
established.

— Most compounds pharma can generally be handled
Biologics is a long way behind.
— Many important substances cannot be represented fully with current
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Biomolecules - Stuck in the middle...

UNDERGROUND

Small Molecule Tools

KEEP

CALM

AND

MIND
THE GAP

Small
Molecules

Biomolecules

Pistola
Alliance

Sequence
information
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Mipomersen Pisto;ﬁ

Alliance

An lonis product used to treat homozygous familial
hypercholesterolemia.

The structure can be described as:

G*-C*-C*-U*-C*-dA-dG-dT-dC-dT-dG-dmC-dT-dT-dmC-
G*-C*-A*-C*-C*

d = 2'-deoxy

* = 2'-0O-(2-methoxyethyl)

with phosphorothioate linkages.

This Is easy to read
But relies on a secondary explanation to capture all the information

A simple sequence is too limited

ia Alliance

© Pisto



Hierarchical Editing Language for Macromolecules

* Hierarchical
— Biomolecules are “multi-level polymers”

P'Stoﬁ
Alliance

[Complex Ponmer][ Simple Polymer ][ Monomer ][ Atom

(=T —O—T—®) 0
6

. ¢ 66066
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Hierarchical Editing Language for Macromolecules

 Hierarchical

— Biomolecules are “multi-level polymers”

P'Stoﬁ
Alliance

[Complex Polymer][ Simple Polymer ][ Monomer ][ Atom ]
\
Q‘Pf?@f? P — & ) —{r P —{r P —{r Fp)—{r
/
.

[ eTwwwwy
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Hierarchical Editing Language for Macromolecules APlilgtoaﬁ
lance

* Hierarchical
— Biomolecules are “multi-level polymers”

[Complex Ponmer][ Simple Polymer ][ Monomer ] Atom ]

) () () (

@

© Pistoia Alliance



Hierarchical Editing Language for Macromolecules

 Hierarchical

— Biomolecules are “multi-level polymers”

Pistola
Alliance

[Complex Ponmer][ Simple Polymer ][ Monomer

Atom

)

4

Structure )

H,C j/‘-kp

2
r17 "

SMILES CIC@HIN['C(["])=0 Ir.$::;_R1;_R2:§|
ID A
Attachment Points R1-H

R2-OH
Natural Analog A
Polymer Type PEPTIDE
Monomer Type Backbone
Name L-Alanine

© Pistoia Alliance



Notation format Pistola

Alliance

ListOfSimplePolymersSListOfConnectionsSListOfPolymerGroupsSExtendedAnnotationS

R A S B

HELM notation: PEPTIDE1{A.R.G.[dF].C.K.[meA].E.D.A}SSSS

Daptomycin

PEPTIDE1{W.N.D.[T-est].G.[OR].D.A.D.G.S.[LM].[KYN]}|CHEM1{DA}$
PEPTIDEL,PEPTIDEL,13:R2-4:R3|PEPTIDEL,CHEM1,1:R1-1:R1$$$

© Pistoia Alliance



More examples Pistol:

Alliance

ListOfSimplePolymersSListOfConnectionsSListOfPolymerGroupsSExtendedAnnotationS

:
12 11

1
le

S

@H @{a
®
F—&—=)
©
EIRRC

O,

HELM notation
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)
}SSRNA1,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:pairSS

© Pistoia Alliance



HELM . Pistola

Alliance

...and very large molecules

« Example: Connectin (Titin)

 Human muscle protein out of 34,350 amino acids
« =>540,000 atoms

« Creation and validation of HELM notation from FASTAIN<1s

...and exchanging information
HELM relies on the monomer definitions

Monomer information can be exchanged using XHELM, an XML file
format that includes the monomers for the molecules in the file.

... and monomer bloat

In-line HELM allows the definition of ‘temporary’ monomers when you
with only use a monomer once.

14

© Pistoia Alliance



S0... mission completed? p-stoaﬁ

? ? ? ?

[
ASOs ‘ Therapeutic
siRNAs Peptides Proteins

« Unknown numbers of repeating elements
« Various connection points of ADCs

« Unknown elements in sequences

« Unknown connections between polymers
« Undefined polymers

Antibodies

Alliance

Ambiguity is not something
we handle well in either small
or large molecule
representation.

15
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Monomer Ambiguity

0..n unknown monomers

Single unknown amino acid in a
PEPTIDE

Single unknown base in a RNA

One of a list of monomer is possible
Mixture of monomers

Deleted or missing single monomer

Repeating monomers

PEPTIDE1{A

PEPTIDE1{A

RNAL{R(A)P
PEPTIDE1{A
PEPTIDE1{A
PEPTIDE1{A

PEPTIDE1{A

Pistola

Alliance

.*¥.G.C}$%$%%v2.0
.X.G.C}$%%$%v2.0

.R(N)P.R(C)P.R(C)P.R(C)}$$%$Vv2.0
.(A:10,G:90).G.C}$$%$v2.0
. (A+G+C).G.C}$$%$%v2.0

.(A,_).G.C}$$%%v2.0
.G.A.C.A‘5-30°}$3$$$V2.0

16

© Pistoia Alliance



Other Ambiguity Types Pisto

Sequence or polymer type is unknown

-
Alliance

BLOB1{Bead}’Aminated Polystyrene” | PEPTIDE1{A.G.T}SSSS

Connections are unknown

17
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Amb|gU|ty - Kadcyla Pistola
Alliance

\ 'Y I\ J
v (N ., J

-
DM1{ ¥ Linker  Trastuzumab
(3 to 4 per IgG) -thioether- (HzlgG1)
-LysNH, (random)

« The connection between the drug and antibody is not well understood
(Marcoux et al. 2015). Lysine-linked, but where?

« Each trastuzumab molecule may be linked to zero to eight DM1 molecules
(3.5 on average)

» Glycosylation is present and not well understood 18

© Pistoia Alliance



Pistoﬁ
Alliance

PEPTIDE1{D.I.Q.M.T.Q.S.P.S.S.L.S.A.S.V.G.D.R.V.T.I.T.C.R.A.S.Q.D.V.N.T.A.V.A.W.Y.Q.Q.K.P.G.K.A.P.K.L.L.I.Y.S.A.S.F.L.Y.S.G.V.P.S.R.F.S.G.S.R.5.G.T.D

HELM notation - Kadcyla

.K.V.Q.W.K.V.D.N.A.L.Q.S.G.N.S.Q.E.S.V.T.E.Q.D.S.K.D.S.T.Y.S.L.S.S.T.L.T.L.S.K.A.D.Y.E.K.H.K.V.Y.A.C.E.V.T.H.Q.G.L.S.S.P.V.T.K.S.F.N.R.G.E.C} | PEPTID

F.T.L.T.I.S.S.L.Q.P.E.D.F.A.T.Y.Y.C.Q.Q.H.Y.T.T.P.P.T.F.G.Q.G.T.K.V.E.I.K.R.T.V.A.A.P.S.V.F.I.F.P.P.S.D.E.Q.L.K.S.G.T.A.S.V.V.C.L.L.N.N.F.Y.P.R.E.A
E2{E.V.Q.L.V.E.S.G.G.G.L.V.Q.P.G.G.S.L.R.L.S.C.A.A.S.G.F.N.I.K.D.T.Y.I.H.W.V.R.Q.A.P.G.K.G.L.E.W.V.A.R.I.Y.P.T.N.G.Y.T.R.Y.A.D.S.V.K.G.R.F.T.I.S.A.D
.T.S.K.N.T.A.Y.L.Q.M.N.S.L.R.A.E.D.T.A.V.Y.Y.C.S.R.W.G.G.D.G.F.Y.A.M.D.Y.W.G.Q.G.T.L.V.T.V.S.S.A.S.T.K.G.P.S.V.F.P.L.A.P.S.S.K.S.T.S.G.G.T.A.A.L.G.C
.L.V.K.D.Y.F.P.E.P.V.T.V.S.W.N.S.G.A.L.T.S.G.V.H.T.F.P.A.V.L.Q.S.S.G.L.Y.S.L.S.S.V.V.T.V.P.S.5.S.L.G.T.Q.T.Y.I.C.N.V.N.H.K.P.S.N.T.K.V.D.K.K.V.E.P.P
.K.S.C.D.K.T.H.T.C.P.P.C.P.A.P.E.L.L.G.G.P.S.V.F.L.F.P.P.K.P.K.D.T.L.M.I.S.R.T.P.E.V.T.C.V.V.V.D.V.S.H.E.D.P.E.V.K.F.N.W.Y.V.D.G.V.E.V.H.N.A.K.T.K.P

.Q.Y.N.S.T.Y.R.V.V.S.V.L.T.V.L.H.Q.D.W.L.N.G.K.E.Y.K.C.K.V.S.N.K.A.L.P.A.P.I.E.K.T.I.S.K.A.K.G.Q.P.R.E.P.Q.V.Y.T.L.P.P.S.R.D.E.L.T.K.N.Q.V.S.L
.V.K.G.F.Y.P.S.D.I.A.V.E.W.E.S.N.G.Q.P.E.N.N.Y.K.T.T.P.P.V.L.D.S.D.G.S.F.F.L.Y.S.K.L.T.V.D.K.S.R.W.Q.Q.G.N.V.F.S.C.S.V.M.H.E.A.L.H.N.H.Y.T.Q.K

.E
L

R.E
.T.C.

.D.S.V.K.G.R.F.T.I.S.A.D.T.S.K.N.T.A.Y.L.Q.M.N.S.L.R.A.E.D.T.A.V.Y.Y.C.S.R.W.G.G.D.G.F.Y.A.M.D.Y.W.G.Q.G.T.L.V.T.V.S.S.A.S.T.K.G.P.S.V.F.P.L.A.P.S.S

.K.S.T.S.G.G.T.A.A.L.G.C.L.V.K.D.Y.F.P.E.P.V.T.V.S.W.N.S.G.A.L.T.S.G.V.H.T.F.P.A.V.L.Q.S.S5.G.L.Y.S.L.S.S.V.V.T.V.P.S.S.S.L.G.T.Q.T.Y.I.C.N.V.N.H.K.P

.S.N.T.K.V.D.K.K.V.E.P.P.K.S.C.D.K.T.H.T.C.P.P.C.P.A.P.E.L.L.G.G.P.S.V.F.L.F.P.P.K.P.K.D.T.L.M.I.S.R.T.P.E.V.T.C.V.V.V.D.V.S.H.E.D.P.E.V.K.F.N.W.Y.V
R1$G1(PEPTIDE1+PEPTIDE2+PEPTIDE3+PEPTIDE4) |G2(CHEM1

.D.G.V.E.V.H.N.A.K.T.K.P.R.E.E.Q.Y.N.S.T.Y.R.V.V.S.V.L.T.V.L.H.Q.D.W.L.N.G.K.E.Y.K.C.K.V.S.N.K.A.L.P.A.P.I.E.K.T.I.S.K.A.K.G.Q.P.R.E.P.Q.V.Y.T.L.P.P
.S.R.D.E.L.T.K.N.Q.V.S.L.T.C.L.V.K.G.F.Y.P.S.D.I.A.V.E.W.E.S.N.G.Q.P.E.N.N.Y.K.T.T.P.P.V.L.D.S.D.G.S.F.F.L.Y.S.K.L.T.V.D.K.S.R.W.Q.Q.G.N.V.F.S.C.5.V

.M.H.E.A.L.H.N.H.Y.T.Q.K.S.L.S.L.S.P.G.K}|PEPTIDE4{D.I.Q.M.T.Q.S.P.S.S.L.S.A.S.V.G.D.R.V.T.I.T.C.R.A.S.Q.D.V.N.T.A.V.A.W.Y.Q.Q.K.P.G.K.A.P.K.L.L.I.Y
.S.A.S.F.L.Y.5.G.V.P.S5.R.F.5.G.S.R.5.G.T.D.F.T.L.T.I.S5.5.L.Q.P.E.D.F.A.T.Y.Y.C.Q.Q.H.Y.T.T.P.P.T.F.G.Q.G.T.K.V.E.I.K.R.T.V.A.A.P.S.V.F.I.F.P.P.S.D.E

.Q.L.K.S.G.T.A.S.V.V.C.L.L.N.N.F.Y.P.R.E.A.K.V.Q.W.K.V.D.N.A.L.Q.S.G.N.S.Q.E.S.V.T.E.Q.D.S.K.D.S.T.Y.S.L.S.S.T.L.T.L.S.K.A.D.Y.E.K.H.K.V.Y.A.C.E.V.T

.H.Q.G.L.S.S.P.V.T.K.S.F.N.R.G.E.C}|CHEM1{ [SMCC]} | CHEM2{ [DM1 ] }fiCHEM1, CHEM2,1:R2-1:R1|PEPTIDE1, PEPTIDEL,23:R3-

.S.L.S.L.S.P.G.K}|PEPTIDE3{E.V.Q.L.V.E.S5.G.G.G.L.V.Q.P.G.G.S.L.R.L.S.C.A.A.S.G.F.N.I.K.D.T.Y.I.H.W.V.R.Q.A.P.G.K.G.L.E.W.V.A.R.I.Y.P.T.N.G.Y.T.R.Y.A
88:R3|PEPTIDE2,PEPTIDE2,371:R3-429:R3|PEPTIDE4,PEPTIDE4,134:R3-194:R3|PEPTIDEL, PEPTIDEL, 134:R3-

194:R3|PEPTIDE3,PEPTIDE3,265:R3-325:R3|PEPTIDE3, PEPTIDE4,224:R3-214:R3|PEPTIDE2,PEPTIDE3,233:R3-
233:R3|PEPTIDE2,PEPTIDE2,265:R3-325:R3|PEPTIDE2, PEPTIDE2,147:R3-203:R3 | PEPTIDE2,PEPTIDE3,230:R3-
96:R3|PEPTIDE3,PEPTIDE3,22:R3-96:R3|PEPTIDE3,PEPTIDE3,371:R3-429:R3|PEPTIDE4, PEPTIDE4, 23:R3-88:R3|

230:R3|PEPTIDE2,PEPTIDEL,224:R3-214:R3|PEPTIDE3,PEPTIDE3,147:R3-203:R3|PEPTIDE2,PEPTIDE2,22:R3-

3.5+G1:1)$$V2.0

R3-1
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HELM In practice



HELM Project Pistola

Alliance
ﬁﬁQTi
_PRACTICES
JouRNAL OF AWARDS.
EN':ErTcI:%AELL::EDRMATmN O [ semiizon | First version
i e OPEN OfthEWEb-
J Chem Inf ) B ey or PubChem |245) ks
Mode”ing HELM ed'tor Andreas Bender Group PubChem
Paper and toolkit Search POC HA_bE P—— released
published on GitHub completed on GitHub HELM

l l 1 1 l

2012 2013 2014 2016 ' 2017
Internal Pfizer development Pistoia Alliance Project

| I [ |

Pistoia Exchangeable ChEMBL20 Ambiguous
project begins and inline contains HELM2
rﬁ HELM HELM released
Pistolia b
Alliance WWW. released i ChEM Web-editor
OpenHELM.org = development
launched started

© Pistoia Alliance



HELM Open Source Tools Pistola

Web-based editor — currently HELM1.
We are working on HELM2 and expect
to publish later this year.

) [T~~~
Detailed

Ghem reptie

N
w DR @|2]|¢|O0]Q| % &
Rules New Losd Save Undo Eraser Select FindiReplz  Layout Centzr  Move

Nucleotide:

a RNA
ol [x ol lof
2imen A Cc G
o &
T U

Sugar:
Lo [
220ylr| [Liprglyo
Linker:

Chemistry:

3 i I3 e
AlexF4 |5AlexFg 5Bio2pd 5Biopip
L
nc6ps
Peptide:
L3 0 e
App || Asu || Cya
L3 0
mQ || no22Y

HELM  Properties ~ Structure View

Format| v ‘ 4 Apply H (@Append ‘
AGGUTUG CAAACCT

HELM2 is implemented in the toolkit
And can be accessed via RESTFUL
web-services

© Pistoia Alliance



HELM Antibody Editor (HADBE) it

Alliance

HADbE (developed by Roche), will take in an antibody sequence, run a BLAST search
and identify and display domains.

The initial domain assignment can be edited if the scientist believes it is incorrect
and the editor can be used to adjust Cys-cys bonds and any other structural element.

| Trastuzumab emtansing..) | | Trastuzumab heavy chi..] | | Trastuzumab heavy chi..) | | Trastuzumab emtansing..) |

Cj:'Cy: 2388 —_— Cpﬂy;ﬂﬁ —_—
l" hIGKV'ID 38-01 ""| r" hIGKNW1 D-39-01 ""|

L. B3%1D;100% GI::I'I.I'__. L 3% 107 100% Cm'_.

hClka_std ] hClka_std ]
100% I1D; 100% Cov 100% I1D; 100% Cov

e ——] e —]

hCka_up_hinge hlgG1_up_hinge hlgG1_up_hinge hCka_up_hinge
100% ID; 100% Cov  cyscy=-22zee 100% ID; 80% Cov 100% ID; 80% Cov  cyscy=-22z2e 100% 1D; 100% Cov
hlgG1_core_hinge ——— hlaG1_care_hinge
100% ID; 100% Cov—=cf=2020 4 nes |D; 100% Cov
CysCys - 233233
OysCys - 265 Cp.ﬂ;:ﬁ&i&i
|| hlgG1_CH2 || hlgG1_CH2
100% ID; 100% Cov 100% ID; 100% Cav
Cp.{"'ﬁ:ﬁﬂﬂg -c,:::':_E:aﬂﬂ-g
|| hlgG1_CH3 || hlgG1_CH3
100% ID; 100% Cov 100% ID; 100% Cav

BAR3-1R1{1.00)
aytansine

23

© Pistoia Alliance



The HELM Ecosystem

Pharma / Biotech

— BMS, GSK, lonis, Merck, Novartis, Pfizer,
Roche

Software vendors

— ACD/Labs, BioMax, BIOVIA, ChemAXxon,
NextMove, PerkinElmer, Scilligence

Content / Service Providers

— EBI (ChEMBL), NCBI (PubChem), quattro
research

Regulatory

— Acceptable format in ISO 11238
guidelines

Pistoé
Alliance

@g’

© Pistoia Alliance



On-line information

www.OpenHelm.org

Pistola
Alliance

Marirccal Ebting Langue or Macromelessden

&
%) HELM

g E3 X

Notation Reference implementation Community

[ ] Find out how HELM can The power of HELM shown Join the project or connect
transform your storage of in a range of free tools with experts who can help,
molecule information you adopt HELM

https://github.com/PistoiaHELM -/
e B st”.adar
Permissive MIT license TN .=

Open source code
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+ Coming Soon... HELM 2.0 . “
About the HELM Project @ H E L M - - -
LA Wikl contains

HELM Editor

HELM Antibody Editor (HADE) ° S peCifiCatio nS

* HELM Toolkit

© Welcome to the HELM Wiki Space. This area contains the public project resources for developers and those

« Search Proof of Concept interested in using HELM. L] U Se r g u I d eS
+ HELM in Online Databases
HELM is both a notation, and a set of tools and applications that implement the notation. The tools are available as open

source software released under the permissive MIT licence. ® P re S e n t ati O n S
« Links to code

« HELM Parsers and Writers
* HELM Challenges

+ Special Interest Groups (SIGs)

All the HELM code is on GitHub.
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Monomer naming
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Monomers are identified by convention.
* Natural monomers are limited in number and observed in plants and animals.
« Unnatural monomers, are whatever is convenient for synthetic biology.

HELM allows the user to define whatever monomer they like and
enables organisations to exchange them, however consistency
makes everyone’s life easier.

Existing nucleotide conventions

1. IUPAC rules on biochemical nomenclature, Abbreviations and Symbols for
Nucleic Acids, Polynucleotides and their Constituents
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Monomer naming

Peptide monomers

1. IUPAC peptide and amino acid nomenclature
— Good for D, L amino acids, but does not give much guidance for anything more complex

2. INSDC

— has a nice table of amino acids and modified ones that use MeGly for N-methylglycine
(consortium includes EMBL and GenBank)

Consistent naming conventions are in short supply.
In the absence of anything else — people will make stuff up.

anusual
Periodic Chart of v/a-Amino Acids
www.bachem.com
W Abu , Ha
'w\’;kw - om " o.,., m%m . oDN emI u,uf:m cm . .
. N = fL - ﬁ w = t" . f‘:‘ 5 AME%L ﬁ: . Guidance from serious
Aib Aze Pra Pyr

academic bodies would
be helpful.
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Ambiguity — a challenge
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HELM has made a start, but we are only now building tools to use in ‘real-
life’ and may find further areas to work on.

HELMZ2 can’t be converted into small molecule formats such as molfiles,
SMILES and InChl as they can’t handle ambiguity.

InChl are interested in looking at ambiguity and the InChl positional isomers
group could be a key enabler

« Shameless plug — this group is looking for new members to help with
this work
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