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D360 Product Development Themes

Biologics

. Past Robustness

iOngoing Data Visualization

Small Mol Analysis

Research o
Externalization

4 D360 Partner

Virtual Cmpds/Design " j§ D360 Capture

| 2015 | 2016 | 2017 | 2018 | 2019 | 202
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Multiple Types of Biologic/Research Process

* Antibodies
o Very different workflow from small molecules

o Large number of entities, focus jointly on bioprofile and
producability

e ADCs

o Small number of antibodies, different liners/warheads N

Linker [ Drug
o Reduces to a small-molecule-esque workflow p———. 4
. Selectivity Cytotoxicity

* Peptides

o Similar to small molecule workflow — Sequence-Activity

relationsips

Oligonucleotides

o Somewhat similar to small molecule workflow depending
on mechanism of action

Other

o Vaccines, mixtures of the above concepts, ...

CERTARA’.) © Copyright 2019 Certara, L.P. All rights reserved.



A Simple Question

Given that D360 already provides the
infrastructure for the data...

What additional tools can be
provided that assist data-driven
decision making for each new
therapeutic modality?
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D360 Support for Biologics - Strategy

* Implement General Concepts

o Multiple new entities — a potential data catalog
explosion and data configuration

o General representation of entities @ H ELM

* Implement Modality-specific Concepts

1. Specific entity representation -
o Sequence (including non-natural monomers)
o Search, formatting, find, filtering, ...

2. Basic analysis
o Determining measures of similarity

o Comparison methods
o Alignment

o Clustering

3. Advanced Analysis (
o Extraction of therapeutic-relevant knowledge
o “Structure”-Activity relationships
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Multiple Entities/Data Configuration

Compound

Salt Form @
Assay
Result

Example Small Molecule Data Catalog
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Multiple Entities/Data Configuration

k Compound |

Salt Form

—\

...adding Peptides
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Multiple Entities/Data Configuration

Hydridoma

4

pound

Raw Batch '

Purified
Batch
Assay
Result
@H

...adding Antibodies
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Assisting the Configuration

* General Configuration
o Not an issue for D360 — at its core it is data agnostic

o But.... More entities, more data fields, more relationships can make
configuration management more complex

* D360 Updated to allow data catalog to be split over multiple
files

Master
Catalog

Small Moleculg
Compounds
Salts
Batches

Oligonucleotides
Oligos
Batches

N

Small Mole
Compounds
Salts
Batches

Antibodies
Concept

Raw Batch

Pure Batch

Oligonucleotid Antibodies

Oligos
Batches

Concept
Raw Batch
Pure Batch
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Assisting the End User: Data Category Selection

Choose Data Category

Different Data Domains

Choose Data Category

Information

Please select the desired data category f
The data category describes the per

® compounds
® salt Forms

6 Batches

Advanced Categories:

Compounds

ary record type that

on Different Tabs
- rather than one giant list

¢ for your quéry.

|

CERTARAD

Choose Data Category

Information

Please select the defired data category for your query.
The data categong/describes the prirnary record type that
will be retrieved/ivhen the query is run.

Scientific Data Domain

Small molecules | Oligorfuclestides : Peptides Antibodies Other

,;@&) Oligonucleotides

(15@&3 Dligonucleotide Batches

Advanced Categories:

Select | | Cancel

e

Oligo Concepts
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General Representation

e Support for HELM Notification @ HEL M
> Allows HELM to be presented
o Integration with HELM viewer/editor

Form: Biotherapeutics 07-Jun-2018 16:35 [1] v x| Grid Viewer ¥ix

ChEMBL Id [:HEMELZTW?»QT‘ Specis |

[

Spreadsheet

R
.

ChEMBL id Helm Notation
bt of canine patst.rch plasma agregaton NGuced by ADP Gifssn, 50 (1) | BT
CHEMBLI X ;
s P e--e-es 55500.000
ChEMBLIJ |CHEMBL2370407 | Species @ Web HELM
CHEMBL351 CHEMBL4 { .
X e s -l PP NP AP Detaled Sequence
T % Fiter - .
P, ‘ DEMN 79 &OQWR 3P
~a&t CHEMBLI Al m Rules on  BLOB Gndu  Segh b Fak Eocar  Ses R Chan | Zoem G
P 4 1 53003 Vd
. .
hd [ETH chem Pepiive RNA
nibiion of caning platelet-rien piasma agregaton induced by ADP Gitean, 650 (1) [ NNGHO] -
..: CHEMBLIOT169 |..: CHEMBL237039{.. CHEMBLZ211| 16 Dgfa?;'aau ‘YG\Q
as2000 xsz000 4 ss000 Ly
CREWBL IS [CHENBLZ10309 | Species
Spreadsheet CHEMBL
T s | -9
Clickto select/deselect the entire table] "
CHEMBL1
B Hun | 9994
Inhibiton of canine plateet-rich piasma agregation induced by ADP Glfcan, ICS0 (nl) . Dy
CHEMBL1
19 O 47629 S04
CREWBLI4 [CHENBLZ3T0%93 | Species | )
2 O b %
/o 20 | crEmeL
AL S e e

A it HELM  Properties  Structure View
A » CHEMBLY
AaTs Lo | 99004 Format v [4epoly || @Append

XRGDWVX

Inhibition of canine platelet-rich plasma agregation induced by ADP Gltean, ICS0 (nl)

= = : CHEMBL1
4+ 0 /0 2 [ g m‘_{ -

CHEWBLIY [chEnBLz37040¢ | Species | ]

L
9600
v

v >

READY

Records: 1/38) Fields: (1/4) | Morked Records:0 | VisibleRecords: 33 |  Filtered Records: 0 |

2
* Product support for BioVia Renderer p> BloviA

o Allows Biovia notation presented
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Oligonucleotide Representations

* Multiple, sequence-based, oligonucleotide representations

o HELM, Biovia, single sequence custom format, multi-sequence
custom format

Oligonucleotide Base

Sequence Oligonucleotide

Backbone Sequence
Formatted by the color

Formatted by color and
capitalization the

based on sequence

bile Sugar sequence data s iabeai composition

I IEEIERECE G R ) - o o

Spreadsheet

Oligo ID Base Sequence ckbone Sequence
515:  |]| Oligo882 GUNUUECUUTctccTcARGCT2cu-U Un RPSXPXXRPPXSMESKXSREXM MX ' S'XR
516: ]| Oligo208 NeaAc:GAnEU EUEAnAGU  tcCNtAnG SMSMMMPRRR MPESRSRX RPMRXSXS
517: |J| Oligo159 tEaEECNANEGaTEQECUECCEaE T =Tn E_ERP_PRMRPSEXXMMXXPMEXR “XE
518: |J| Oligo557 tEG!1/UTuUecNUenuUT UgaaCAngIET RPSOCPXESEXPRMMXESOXRREROMMXX
519: |J| Oligo541 tEuCcgUENNUNCccTCN:GETGTCoecN PEXXSPMMPSMEPPPXR RPSRMM  SMM
520: |J| Oligo168 teGATCuNNG=NtEgTtulGCnGNTGUy PEPMEEMEPERSRXSERR O POPSSEEM
—— — pvr—yy ) =
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Oligonucleotide Support: Filtering and Equations

Filterin St
Data  QuickSearch  Window Help
A e e BME D E D E® vvO i 5w vjo vlliju A~ % - |H- 7z YV EE
Spreadsheet ¥ x| Filter x
Concept UID HELM Sequence Base Seq Filters .
e YV Filter by text or
1- [0 RTR24383 [ Disable Filters
. - .
, Similarit
GEAAGCATCCTGT ] Base Sequence y
2: [ RTR569T1 SEAAGCATCCTGT | <= Min Edit Distance:
GEARGCATCCIG
3 [ RTR34441 SeEITeBERIEE 2 .
I I A I T T T T S
GEARGCATCCIG
4 | RTR34442 FeEeReTeBeRIReReReaoRe
L I I T T T T
GEARGCATCCIG
5. [J RTR45759 ™= - O O O e w soso M
LR R I A O O I O I 2
== Sequence Similarity Equation —
~[10 +|b u -G . ~@ Y |EBEB|p
6: [J RTR49513 -8 e -0-8-2- & & — |g =) ‘m gl
LRI I T T T T T e Spreadsheet
Moo e Oligo 1D Base Sequence -
1: Oligo508 RallcGlUlece 23
2: Oligo521 aCARuUTLE 24
3 Oligo778 BeUNTNtaeq 23
4 Oligo349 CRCCHuTGCT 23
5 Oligo193 CnGENUaUEn
3 Oliga708 CTualETA T & Edit Equation Column x
L Oligo605 SINgRST [ Show Hidden Columns
Oligo924 EnneUCEGu
Oligo902 EUlucH=tul Awailable Data: <« Equation Functions: | min <«
Sequence Ogosst oo sz T T o i
Oligo593 GCRUtUATCT - Oiga 1D ~min_col
H H 1 Oligo466 SETolat o0 ca Base Sequence L | General Math
Similarity fgotst [y oo T
Olig W CNENTUT | Text
. . Dligo865 g-Tecce
Equation Function iser== g
Oligo810 eERETcgl
9 g\ Equation: + AN [] Check to replace all empty data values from data fields with:

CERTARAD

Oligo499 NeEehgetNA

19:

][] o ) e e e

Oligo91 tcCEthTaask
20: Olign174 teTuCAncun
21 Oligo787 totCniEERN
22: Oligo267 TUnRACH=tE
23: Oligo549 UCcHAngTud
24: Oligo817 UTcgonuINC
25 Oligo645 UegUACTONC
26: Oligo307 TNCnTCulu
27 Oligo380 asTAuGAINCC
28 Oligo304 aEGICAGUETE
29: Oligo762 MEAEQUCEUT
30: Oligo9s ActcCanlgeEE

ditdistance{C4,"GUNUUECUUTCTCCTCAAGCTACUCUCUN")|

Function Syntax

Column Name:

MED to Ref

@

I =
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Peptide/Protein Representations

* Multiple, sequence-based, oligonucleotide representations
o Peptides: HELM, Biovia, single sequence custom format
o Proteins: Standard sequence representations

o Added complication of non-natural monomers
o Splits concepts of proteins vs. peptides

‘ Data View: Chembl GSA 49 Sequences [1] — [m] *
File Edit Format Viewers Analysis Data  Quick Search  Window Help

“« ASAENE T AEAFIEED: AHOE & v 0 @i lipm ] MEGL@EA-EA-E-2 DV EEBe 0 |a

Spreadsheet ¥ X || Filter %

AssayX “ | Filters
ChEMBL Id Helm S GM
elm Sequence ICS[]e(annM) @ Add @ Logic 3 Delete All g, Clear All Griteria

E-l- - -L-E- E-l- - -L-E-G-E-R-R-L-I--F-N-8-G-K-L- = -L-K- K-L- - -L-K- L] Disable fiters

1: | CHEMBL1076928 Find: | ‘

|E| Helm Sequence

Eel- = L-E- Eele = L-E-G- ReH-F-7- -Q-8- -GoKele = LK -Kel- - -LK-

Contains text: |LE-G7}s

2: ]| CHEMBL1076943

D Case sensitive

E-L- - -L-E- E-L- - L-E-G-RS-E-D- - - -S-W-G-K-L- - -LK- K-L- - -LK-
3 | CHEMBL1076944

€L - LE ELl- - LEGW-GSQ -MDS GK-L- - LK K-L- - LK
4: || CHEMBL1076941

EL- - - -E- EL- - LEG SRRk - SWGKL - LK KL- - LK-
5 | CHEMBLA076940

E-L- - -LE- E-L- - LEG-L-QT-M-W-H-S-L-W-G-K-L- - -LK- -K-L- - -LK-
6: | CHEMBL1076947

B T e e e G e e L A S A
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Medicinally Relevant Peptide Sequence Alignment

* Bioinformatics studies protein (and DNA/RNA) sequences via sequence

. RYFSRTTHESE - - BCQRY QYNNG A . GSAHGILS
Eillg]f]fT]EEf]t RY[NSRTTHZSIgL. REGIY QA YINUINISHA - GTCHGHLS
- GTAJiGHLS

-GTCGHLA

RYDSRTTpNIS|
RYESRTTERYSIY . GTC)#G§LA
. GSABGJLA
.SITHMGIRIT

IRIGIARY QA YENMVSINHA . GVAJBGE{V A

RYSRTT T|gSI¥

° BUT SYMSRTTHISIY

o Bioinformatics looks for evolutionary relationships between sequences
o Bioinformatics deals only with naturally occurring monomers

* What we want:
o Must deal with unnatural monomers
o We care about structural and chemical similarity NOT evolutionary distance

* So:
o We utilize standard bioinformatics alignment algorithms but apply chemical
similarity matrices to score alignments

o Bioinformatics: X matched Y scores 0.7 since there is a 70% chance of an
evolutionary mutation

o D360: X matched Y scores 0.6 since X and Y are 60% chemically similar

o This makes D360 sequence alignments medicinally relevant
CERTARAr) © Copyright 2019 Certara, L.P. All rights reserved.




What can we do with the Sequence Alignment?

* Alignment options
o Align to reference sequence
o Comparison of sequences with a reference

o Multiple alignment
o View overall similarity/differences across a set of sequences

o For both natural and unnatural monomers

* Format and Highlight
o Color by monomer properties
o Highlight differences at aligned positions
o Order sequences by assay data

- KN - O - Y -

N - KX - - EIEha]
mon - wE Om|
zoom ||

* Filter sequences
o By monomer X at position Y

To allow users to understand what sequence
changes give improved bio-properties

CERTARAr) © Copyright 2019 Certara, L.P. All rights reserved.




Basic Analysis: Peptide Sequence Alignment Viewer

Chemical

Aligned Peptide Sequences SRR AT - Toolsto
- color coded by monomer chemical displayed with Highlight/Show/Hide

properties tooltip or my differences and similarities
zooming in

An example of

an unnatural

monomer
Multiple Alignment: |denWgy Matrix - All & 0 x
Sequence Alignment \ \u’lslbl{t_\,f Formatting _ Ordering
1 3 4 5 6 T 2 9 0 1 12 13314 15 16 17 18 19 20 2 24 15 26 27 28 29 30 31 32 | 3 Highlight
2 ~
CHEMBL1076928 A L A L 1 i O None
CHEMBL1076943 A L AL O sequence dentity
® Sequence Difference
CHEMBL1076944 A L A L
CHEMBL1076941 dA L A L
CHEMBL1076940 dA P A L
CHEMBL1076947 A L A L
CHEMBL1076946 A L A L
CHEMBL1076943 A L A L
CHEMBL1076952 A L A L Hide
CHEMBL1076950 A L A L (® None
(O Sequence Identity
CHEMBL1076951 A L A L .
(0 Sequence Difference
CHEMBL1076948 dA L A L
CHEMBL1076949 A L A L
CHEMBL1076955 dA L A L
CHEMBL1076933 A L A L 5
i —— v 1
« Sl More Formatting
4% of 49 Sequences Displayed Zoom I Unfilter All Copy Alignment and Seq uence

d=: (0/2) Marked Records: 0 Visible Records: 49 Filtered Red Orderlng tOOIS
Sequence Alignment shows similarities and

differences between sequences which can be
compared with changes in biological activity

© Copyright 2019 Certara, L.P. All rights reserved.



What about olgio and protein sequence alignment?

* Protein sequences
o Just need to add in standard similarity matrices

* Oligo sequence alignment
o Need to consider the alignment against the gene

Qligenuclectide Alignment: CM_ATXNZ_11 [ [ﬁ -
. . = Sequence Alignment Settings
Show Alignments for [D.I_ ]l I s - — . B . _ Highlight Sequences
Species: ICynomolgus monkey iv] 1play Sequence: I ase sequence _]v] ext size: 4 m QO Identity @ Difference
Gene Fiter | | @ RTR77817 ECATATATTTTACCTTTEE = © None
] RTR77819 TECATATATTTTACCTTTEE O Base Sequence
Gene # Alignment # Sequences RTR77818 TECATATATTTTACCTTTE O Sugar Sequence
Symbol Blocks in largest block RTR77820 TTECATATATTTTACCTTTE 9 a
ATXNZ 217 314 a RTR77821 TTTCCATATATTTTACETTT O Stereo Sequence
Bl || rTR77822 TTTCGATATATTTTAEETT O Chirailty Sequence
BCL7B 1 4 RTR77823 ETTTCCATATATTTTACETT
RTR77825 ETTTCCATATATTTTACET Sequence Format
GABRB1 1 2 RTR77827 AETTTCCATATATTTTACET
%] || rTR77824 ETTTCCATATATTTTAEE | None 1
RTR77826 AETTTCCATATATTTTAEE
Alignment Blocks: Show Blocks with > Sequences RTR77829 AAETTTCCATATATTTTAEE
= RTR77828 AAETTTCCATATATTTTAE = Sequence Urder
Alignment Block | # Sequences  (Block Start = 1 || prR77831 TAAETTTCCATATATTTTAE Fiter: | | @
CM_ATXNZ_9 24 91110 u RTR77830 TAAETTTCCATATATTTTA '
RTR77832 TATTTTTAACT TTCCATAT "
CM_ATXNZ_10 22 93729 RTR77834 ATATTTTTAACTTTCGATAT Oligo Concept UID
RTR77833 ATATTTTTAACTTTCEATA Base Sequence
CM_ATXNZ_11 21 4216 . RTR77836 AATATTTTTAACTTTCEATA Assay X 1C50 GMean (nM)
RTR77835 AATATTTTTAACTTTEEAT :
CM_ATXNZ_12 20 99715 Gene Relative Start
CM_ATXNZ_13 18 87740 !
- =3 | 210f 21 Sequences Displayed Block Start Position: 4216 ® Ascending O Descending
151 of 217 Alignment Blocks shown

CERTARAD
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Where Next...

Oligos
General
Representation Complete for
presentation.

Sequence parsers
created ad-hoc.

Peptides

Complete for
presentation.

Sequence parsers
created ad-hoc.

Antibodies

Complete for
presentation.

Sequence parsers
from standard
formats.

Basic Analysis

Alignment In Design

Alignment complete.

Alignment to be
based on Peptide

Advanced
Analysis

In Progress:
Extraction of sub-
sequence/chemical
structure
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Questions?



