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Support for HELM in BIOVIA Products

* Pipeline Pilot * Direct Chemistry Cartridge
* HELM components » Registration, import and export
« HELM Editor integration HELM and XHELM
« Draw Sketcher * Biological Registration
« Import and Export HELM Strings * HELM Editor integration
and XHELM  Register HELM strings as entities

« HELM Editor integration
» ScienceCloud

e (Centralized monomer libraries
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Pipeline Pilot Chemistry Collection

 The Chemistry Collection offers a

-‘: & .': ! comprehensive suite of readers,
H‘N o

20 Coords Standardiz: HTMLMI ular

rrrrr okcie  Tobl Vewer writers, viewers, molecular property

{ folion k-§. calculators, filters, and

comtand ™ Qontoce et manipulators.

—— | e , ,
B et « This collection of modular
— components extends the standard
3! Display This example shows a protocol that searches a new library for novel Capabllltles Of BIOVIA Plpellne P||Ot

redundancy molecules not found in an older library. The results are displayed in the an

statistics of new HTML table and written to a file.

O to include compound processing
and cheminformatics analysis
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HELM Components in the Chemistry Collection
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A Quick Note on SCSR

SCSR (Self-Contained Sequence Representation)
» Chenetal, J. Chem. Inf. Model., 2011, 51 (9), pp 2186-2208
« Extensions to V3000 MOL format to represent biological sequences using residue

templates

« Can represent chemical and biological features together
 Modifications and small molecules attached to the sequence are represented using

explicit chemistry

 Supports Substructure Searching (SSS) 1A |5 KGHTDTQW
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Example of mol file with SCSR

ACF amino
acid sequence

Representation
in mol file with
SCSR

2
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ACCLDraw01271614482D

000 00
M V30 BEGIN CTAB
M V30 COUNTS 32101
M V30 BEGIN ATOM
M V30 1 Ala 6.0313 -3.75 0 0 CLASS=AAATTCHORD=(2 3 Br) SEQID=1
M V30 3 Cys 7.1887 -3.7472 0 0 CLASS=AAATTCHORD=(4 1 Al 2 Br) SEQID=2
M V30 2 Phe 8.3462 -3.7472 0 0 CLASS=AAATTCHORD=(2 3 Al) SEQID=3
M V30 END ATOM
M V30 BEGIN BOND
M V301131
M V302132
M V30 END BOND
M V30 END CTAB
M V30 BEGIN TEMPLATE

999 V3000

M V30 TEMPLATE 1 AA/Ala/Al
M V30 BEGIN CTAB
M V30 COUNTS 76301

M V30 END CTAB
M V30 TEMPLATE 2 AA/Cys/C/
M V30 BEGIN CTAB

M V30 END CTAB
M V30 TEMPLATE 3 AA/Phe/F/
M V30 BEGIN CTAB

M V30 END CTAB
M V30 END TEMPLATE
M END
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HELM Reader Component

Create SCSR sequences
or fully explicit
macromolecules

Files with HELM monomers,

HELM Reader /

SCSR templates and mapping
between them

=

Parameters / // /
Source data\Exarnples\HELM Strings\ICECREAMSANDWACH.hAm [
Monomers Source data\HELM\HELMMonomerssd .~ / / E]
Structure to Create Melecule with SCSR / / -
Additional Options / /

Global Templates data"aHELM"&Draw#lTemplates.moll / [;]

Monomer Map data‘aHELM‘aHELM_SCSH_MunumerMap.txt/ [;]

Create 5CSR Templates for Unknown Monomers | True -
Orient Residues True
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HELM Reader Component

PEPTIDE1{|.C.E.C.R.E.A.M.S.A.N.D.W.I.C.H}$$%$

1.~

HELK Reader

2
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10
ICECREAMSA NDWICH

SCSR Sequence

g
ﬁ‘\' - [= I -}5 i

)

Macromolecule with explicit atoms (after 2D Coords)
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HELM Reader Component

PEPTIDE1{I.C.E.C.R.E.A.M.S.A.N.D.W.I.C.H}$$$$

Improved 2D layout of

1. macromolecules in latest release
' (2016)

HELK Reader

» L e R
AR R TR e
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HELM Writer Component

10

I CECEEAMSEA NDWITCH 2
SCSR Sequence ‘ e

HELK Writer
B oy i % Writes HELM string from SCSR
E\Jﬂ Jiwﬂ«f'\(“"‘j“ ,L(%J:l{xi ) I{ ‘ sequences or macromolecules
NC{“*J“ (RN TN T
~NNYY DU g4 PEPTIDE1{.C.E.C.R.EA.M.
0 S.A.N.D.W.I.C.H}$$$$

Macromolecule with explicit atoms and residue information
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HELM Converters Components

.-,

Delimited Text Molecule from Molecule to HTHL Molecular
Text Reader HELM HELM Table Viewer
T Calculate HELM2 wotscute | =
HELM
PEPTIDE:I.{I C.F.C.E.E.L.M.5.A.H.D.W.I.C H}$$$$ ICECREAMSA WOWICE PEPTIDE1{.CECREAMSANDWILCH}$$5% PEPTIDE1ICECREAMSANDWILCHI$S5E

 Conversion of molecules to and from HELM strings
« HELM string is a calculable property in PilotScript:

calculate("HELM")
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XHELM Support
1*! Read XHELM files

XHELM Reader HTHL KMolecular
Table Viewer

. Create XHELM
HELW Reader 1 Molecule to HTML Molecular flleS from
KHELM Table Viewer
HELM Strings

: or SCSR mol

files

S0 Reader

2
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XML-based format containing the HELM string and all
required monomers

<?xr3|.l verzion="1.0" encoding="UTF-8"72>
<¥Xhelm>
<HelmNotation>PEPTIDE1{A}5555</HelmNotation>
<Monomers>
<Monomer>
<MonomerID>A</MonomerID>
<MonomerSmiles>C[CEH] (H[*]1)C([*]1)=0 |§:;; Rl;; R2;§|</Monomer5miles>
<MonomerMolFile>HAsTAAAAAAAAARKWSOWTCMAXF 93y FIVhrOc5TpoipBXVgZ2RhYODTSYT
<MonomerType>Backbone</MonomerType>
<PolymerType>PEPTIDE</PolymerTypes
<Naturallhnalogrh</Naturalhnalog>
<MonomerName>Alanine</MonomerName:>
<Attachments>
<Attachment>
<AttachmentID>R2-0H</AttachmentID>
<AttachmentLabel>R2</Attachmentlakbel>
<CapGrouplame>0H< /CapGroupName >
<CapGroupSmiles>0[*] [§;_R2§|</CapGroupSmiles>
</BRttachment>
<Attachment>
<AttachmentID>R1-H</AttachmentID>
<AttachmentLabel>R1</AttachmentlLabel>
<CapGrouplame>H< /CapGrouplame>
<CapGroupSmiles>[+*] [H] |§_R1:§|</CapGroupSmiles>
</BRttachment>
</BRttachments>
</Monomer>
</Monomers>
</Xnhelm>
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Interconversion between HELM Monomers and SCSR Templates
SCSR Templates for most monomers in the HELM Editor added in release 2016

.
[ ]

HELK Konomer
from SCER
Template

R1 R2
~N 2
O

HELM Monomer
HELM monomer to SCSA SCSR Template

With attachment points femplate with leaving groups
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Support for HELM Editor in Pipeline Pilot Chemistry Sketcher
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1 1 & 1 . File Tools Edit Help
L |§|ﬂ' R B X H |Q [E] o m :Nudeohde Sequence v [ Resat
5D Reader Chemistry HTML Report Nucleic Acid | peptide | Chemical Modifier
Sketcher Wigwer ( Standard Hucleotide
A € & T U
/— Chemistry s
L S S R S T AR A e S e S
Sketcher
window in 5
ICECREIHS; HNDWICH browser

Sequence View | Companent View|

Modified Nudeotide

n ChainQescfptioglcham & 7 & 9 10 11 12 13 14 15 16
| CECREAMSANDMWI CH

py sketch

Paste sketch Mumber of Modifications B0 B 1 =]  podified Phosphate
Select HELM Clear sketch
Editor and @) BIOVIA Draw + Starts HELM Editor as JNLP app
double-click to ©  ChemDraw « Sequence is loaded automatically (Thanks Sergio and Tianhong!)

@ Biologics (HELM Editor)

bring it up » Use HELM Editor to edit the sequence
» Copy as HELM string and paste it back in the sketcher window
(HELM string is converted to SCSR)
P 2
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Advanced HELM Features Supported

 Support for in-line monomers represented by G K SMI1 A
extended SMILES
»  PEPTIDEY{GK.[CIC@HIN[')C(=O)C[] I$;:;_R1::5;_R2§[1A}S$$S

sequence

NH.

rL./“\—rrl\rrOH
H:

H 0O

H:N" y—NA
0 o Explicit

chemistry

« HBond information in HELM Strings converted to O (RO O
Hydrogen bond type in molecular data model ﬁf KA | pjf | J)D

o o} \ [e) N
OH OH OH
o o) o
8. £ 0.4 -
HO “peH Sl e \p-OH
I " y 11OH
[e] lo] ( o]
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Limitations of Conversion of HELM Strings and SCSR Sequences

« Conversion between HELM and SCSR requires that all corresponding HELM monomers and SCSR
templates are found in the specified configuration files (can be customized).

«  SCSR with mutations and modifications can’t be converted to HELM, as the HELM syntax doesn’t
support these features yet.

« Difficult to convert HELM strings with partial nucleotides (not the entire phosphate-sugar-base unit)

to SCSR, as the SCSR templates for nucleic acids are based on complete nucleotides.

N .
%D‘Rz N4\|N R’|1 5 l._ﬂ/ \ er:
HO... Rl R )%//J\NHZ _P_ HO, /_<j H:-/'
RQ/\O N\:N 0 R|2 OH HO=P—0 P oH
HELM: RNA1{R(A)P} SCSR: RNA/A

2
DS BloviAa p7S DASSAULT | The 3DEXPERIENCE’ Company



Support for HELM in BIOVIA Products

* Draw Sketcher

* |mport and Export HELM Strings
and XHELM

« HELM Editor integration

2
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Support for HELM and XHELM in Draw Sketcher

Unnamed18 [mod

 |mport and export sequences

# Undo Ctrl+Z o = 0 ' -B /U = + 2

as HELM or XHELM

Cut WX | LS F S SIG I N0 P H o oBr1 Fel[aja *
Copy Ctrl+C
» PPChem .NET SDK used to N o
Copy As 4 Molfile  Ctrl+M _ _
Paste HELM String As » SMILES String T e e |
. A aF C D E F G H
read and process HELM and
I K L MNOFPaQ
Delete Del Chimestring 3
S T U v w Y

X H E L M fO rm at o Falic Ctriel Sketch String g

Bald Ctrl<B InChl String D-Amino Acid Sequences x
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Underline Ctrl+U InChI Key a ¢ d e 1 g h i
¢ IUPAC Mame k I m n o p g r
Select All Ctrl+A
o Sequence Text s t ou v ow vy
+ Insert Object Bitmap =
Import Sequence ... . Meteie S ——
HELM Stri
Export Sequence... » 1 - ring FOSPRETI.
- - 10
Import Sequence... > r . . =
Fom== | HELM File am ICECREAMSA NDWICH Pakees 2
SDF Utility v XHELM File ki . . et to, i
" . 4 1
Launch HELM Editor... Ctrl+Shift+H ASTA Fi ||
EA_STAPF”:F_l 5353 e 4
; Print.. Ctrl+P wiss-Prot File .
y " r+ . Q 100% ~ + |7 52002 ‘ Current Tool:  Sequence Toal
w  Print Preview.., Ctrl+Shift+P EMBL File
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HELM Editor Integration In Draw

Launch HELM Editor from new R , _
command in Draw File menu I P R A R

HELM Editor Java App is
downloaded directly from Pistoia |3 =z

Save Ctri+S Ao Acid|Sequnces _r
uuuuuuuuu

LD -

Ctrl+ Shift+§
\\\\\\\\

vvvvvvv

nnnnnnnn

...
ort Sequence... »
E. e . » B Ny
Web a e port Sequence... o k| o HELM Editor v13 B W gee—— =@ = ]
SDF Utility » 0 *_|[File Tools Edit Help
Launch HELM Edit Ctrl+Shifts H ICECREAMSA NDWICH .
unct or.. Ctr M| o oa o Q F-E‘O. (=R Nuckeotide Sequence [CReset [ Load |

s Print... Ctrl+P

Sequence in the canvas is loaded |- e =

pppppppp

automatically into the HELM CN—
Editor - ans;v ~ |+3.48048 | Current Took Sequence Tool

Ability to edit sequences in the |
HELM Editor, copy as HELM s e

= Wpzs4ss 7o

I CECREAM

notation and paste back into Draw = s mo W u
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SCSR Templates for HELM Monomers in Draw

» Added SCSR Amino Acid
templates corresponding to the
HELM monomers found in the
HELM Editor (optional toolbar)

 HELM AA monomers can be
used in sequences with L-AA
and D-AA

2
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Settings
B Sequences - All
Block size 10
Off [~
Make seguence residue case sensitive * On
Renumber SeglD on Crosslinking Ot
Show in seguence view On
Wwrap length 40
winte Sequence Molfile as Ful-CTAB O

HELM-Amino Acid Sequences X L-Amino Acid Sequences X
ADRadGlameDMEK o o T — A cDEF G H I
EED D ED W e Y T K L M N OPOQR
D ERRL 5§ T U v w Y
Hiv Hsa  Hyl g i
[ R — - D-Amine Acid Sequences x
8 mah g e a d a f g h
ot e Mg Mal o k | m o p g
O Pan Phg s sec e 5 t Wy
Bat Sy w  Thi Th
Wil
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Support for HELM in BIOVIA Products

. * Direct Chemistry Cartridge

* QOperators to Import and Export
HELM Strings
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Support for HELM in Direct Cartridge

» Register molecules from HELM and XHELM
« HELM strings can be used anywhere you would normally expect a molecule - the code

tries to interpret the input string as molfile, Chime, SMILES, HELM and XHELM

insert into molecules (name, ctab) wvalues

('RNA1', mol('RNAL{R(G)P.R(C)P.R(A)P.R(T)P.R(U)P.R(C)P.R(G)P.R(A)P}$5$$$"))

* Function to convert either HELM or XHELM strings directly into a molfile (SCSR)

select
mdlaux.helmtomolfile ('PEPTIDE1{A.C.D.E.F.G.H.I.K.L.M.N.P.Q.R.S.T.V.W.Y}$8%$")

from dual;
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Support for HELM in Direct Cartridge

 Calculate HELM and XHELM for registered molecules
* Given a database of sequence molecules you can get the HELM or
XHELM strings with the following commands (‘ctab’ is the column name of
the chemistry column in the table, ‘molecules’ is the name of the table):

select name, helm(ctab) from molecules;

select name, xhelm(ctab) from molecules;

2
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Support for HELM in BIOVIA Products

* Biological Registration
 Register HELM strings as entities
. * Bring up HELM Editor
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Use of HELM Editor in Biological Registration

HELM Editor v1.3 1
o ' HELM
piaacEa Hies uckeotide Sequence = Edltor

Chemical Modiier

Nuclesc Ackd Peptide \

Standard Nudeotide

8 New AntibodyDrugConia.. X | AC@TU
€ & aepd-webappssoas, /#/entities/Ant g Con c Qs B O & A& f

Chemical Registration  Web Por

2% " :
DS siovin | Biological Registration
Antbody Drug Conjugate | | Lot Regstration ¥ (@ Regster g Sove 4 Popubte ‘

Sequence View  Camponant View

HELM ADC
Editor

Assembly | Suppler Information | Misc

1File Edit Voew Insert Atom Bond Structire Tools

Antibody Lot Id: 8 = -
" el O0 K BE | b
Linker Payload & E i t I)
Unker Payload Lot Id Attachment Fonts Conjugation Reagent Conjugation Type Conpugation Resdue Drug To Antbody Rato) - )i ( Xperlmen a
7 Clck Chemistry Surface Resdue Lysine L.
=- L)
| ] " @
- F - @
E O 4D a
T ot °
2 £ Yy " L
3 Sou? " v JIYV\/ @
g fasembled Stucture RS NSNS ———— S 1] Modfied 5"“ e >, L

Connacmes .

o o0 e e e o
e /In-line access to the HELM \ : : : 5 “lomoo o

— Editor from the Pistoia S ——
< Alliance

Open directly from chemistry
fields and return entity

5 representations via the -
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Future Directions

* Centralized Monomer Libraries

* Tools to manage and share monomer libraries among
several products (Pipeline Pilot, Draw, Direct, ...)

 Add monomers, check for duplicates, search by name or
substructure, ...

e Enable use of Draw sketcher in HELM Editor

* Optional use of Draw to display and edit monomer structures

(instead of Marvin)
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