ebisu group

Overview

Knowledge based approaches driven by careful analysis
* Sequence and 3D structure based information
* Associated structure activity relationships

* Homology & other natural sequence variation

Improved research success

* Selectivity and specificity of compounds against targets
» Off-target candidate effects in the genome

*Antibody humanness, anti-antibody response
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Ligand-Protein Interaction Sites: Ligplot+

LigPlot+: Multiple Ligand—Protein Interaction Diagi<g ACS Publications

for Drug Discovery

Roman A. Laskowski*t and Mark B. Swindellst

European Bioinformatics Institute, Wellcome Trust Genome Campus,
Ebisu Ltd. United Kingdom

BAOST TRUSTED. MOST CITED. MOST READ.

JOURNAL OF

CHEMICAL INFORMATION
AND MODELING

J. Chem. Inf. Model. 2011, 51, 2778-2786

Enhancements over Ligplot include

 Allows multiple plots to be shown with binding sites oriented similarly

e User defined orientation

e Structurally conserved interactions automatically highlighted

* Distant homologue information can be applied

* Intuitive Java Interface

-




ebisu group

Ligplot+ Same protein different ligands

» c-abl bound to imatinib (pbB:2hyy) and compound PRC (PDB:1fpu)

» Tanimoto coefficient for ligands = 0.93
Ligplot automatically generates in same orientation.
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Various display options

» Hydrogen Bonds shown in green

» Hydrophobic residues display as
“eye lashes”

Top Diagram

e Conserved interactions
highlighted as circles.

Bottom Diagram

« Unconserved interactions
highlighted

* Right-hand diagram also displays
hydrophobic interactions as red

lines
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Ligplot+: Homologous proteins with different ligands

Ligplot conveys both
ligand/protein similarity
and 3D orientation.

Tanimoto coefficient = 0.85
Protein Sequence ldentity = 37%

Fyu
c-kit bound to imatinib (PDB:1t46) Ick bound to aminopyrimidine reverse amide (PDB:3byu)

o
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Ligplot+: Very Distant (<20% ID) Homologues

Journal of Chemical Information and Modeling

Histidine Kinase
DNA Gyrase B
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Research opportunity ™
Identify distant homologues.
Identify compounds in ChEMBL

Screen existing compounds or preferred fragments against your new distant homologue.
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Exploring Distant Homologues

Protein Kinase Superfamily, other kinases, aminoglycoside phosphotransferase

c-abl, syk and c-kit (below) are therapeutically relevant protein kinases

Choline kinaSe aminoglycoside
Ethanolamine kinase phosphotransferase
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Knowledge-based screening

Step 1

identify
compounds in O
ChEMBL :

close
homologues
of #2

identify
compounds in O
ChEMBL

X
X close

. l' . homologues
of #1

l dlsintly\
related
rotems
' - -

PPy
- N,

Step 2

Screen with O O O O 7
R

or generate knowledge based
preferred fragments
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PDBsumeroprietary for an in-house Electronic Lab Notebook

* Registration, Storage, Dissemination of in-house protein structure complexes
* Built upon multiple integrated algorithms.

[IIEET| Generate full PROCHECK analyses

PROCHECK summary for a502

Ramachandran plot

pdbas02

P (degrees)

Ligand GOL - Glycerol
Formula: C3HgO3

Right view Bottom wview

PRIVATE: Custom-generated PDBsum page
PDB id: a502
Mame: Hydrolase/DNA
Title: Crystal of lactis
Dmmme{w fpgummﬂ)lmuwmmmlo

1. Ramachandran Plot statisties

an ap site containing D
Structure: y-a{QaTanTp'rp'rp{Pm:p'rprqunpc:-.a Chain: d,
yes. Other_details: contains a

sﬂe{m! HﬁﬁpwﬁpﬁpﬁpﬁpﬁaﬁpﬁpﬁpﬁpﬁpGH

oy

Source: Synthetic: yes. Lactococcus lactis. Orgenism faxid: 1368,
Gene: mmncrfpg Expressed in: escherichia coli,
Expression_system_taxid: 582.

UniProt: Chains A, B: P42371 (FPG_LACLC)

Q9 omren

PROCHECK

GOL 301(4)

* PDB and UniProt seqs differ at 1 residue position (black
cross)

3.2.2.23 [ImEnz] [ExPASy] [KEGG] [BRENDA]

also representin: uivalent ligand GOL 302(B)

Resolution: 2.554
Refactor: 0.251
Refree: 0.285
Authors: L.Serre, K Pereira De Jesus, 5. Boiteux, C. Zelwer, B.Castaing
Date: D8-Jun-11
Release date: 14-Jun-02
Related entries: leef




ebisu group

PDBsum©Proprietary

After installing PDBsumProprietary system at your site, load your proprietary PDB
formatted structures, together with appropriate Uniprot reference code for each
protein structure.

PDBsum will then automatically generate all necessary pages.

View options

Chain © (297 residues)

UniProt code:P10721 (KIT_HUMAN)@) [Ptam]

(» Binding-site(s) Fa

swcwru classification (2 domains) :

1 [ZNJ 33020020 = Alpha Beta  2-Layer Sandwich
[T 1.10.510.10 = Mainly Alpha Orthogonal Bundie

() Binding-surface(s) e

Coloured by

(o) cleft (as in table below)
() closest atom type

() residue type

() residue conservation

mooma « -
— S — S ———f—
¥y

Volums R, focsesibls. _ Bulet Average
GHNYVY P TQL DS PRYRL SPOTLGAGAF GEVVEATATGL IKSDARMIVATIL &
e e

= = eticss etk e Residue type
) -1 @™ eseaso 482 67.02 1262 16.96
2 @ 136308 000 5931
3 @™ 9006 000 6132
-4 @™ 77835 o000 8527
- 5 @D %00 000 6156
6 @0 s67.42 000 5277
7 @0D 38770 000 5871
8 @O 33286 000 68.80
-9 @D 40373 000 6042

5.69 8.14

7.66 6.98

9.91 10.48

6.35 593

7.63 4.48

7.64 7.18

o 2+ ® © A& @ oo ~ N

1
8
3
2
748 6 716
7
5
4
9

5.37 5.34

Cleft overview page
Secondary structure and topology generated using surfnet
overview page
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Antibody Drug Discovery

New Tools for Biotherapeutics

Database sequence

Germline Analysis

Interact wit

Bulk process >100,000 public DNA protein Database
sequence and 3D structure data Humanness Tool

Unusual Residues

Bulk process proprietary DNA, Protein
sequence and 3D structure data

Distribution for Chothia position L1
Query sequence has D".

Select residue numbers for other distributions.

Chothia L1

Relative Frequency (X)

01
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Comprehensive numbering, assignments & distributions

abYsis

Key Annotation 246347

Summary | Numbering & Regions | Canonical Classes Unusual Residues Structure Germline View = Humanness

Numbering Scheme (All, side by side %) @

Displaying 21 - 134 of 134 residues: Distribution for Chothia position L1
Query proteinsequence[ D[ I [W][M][TJ[Q][S[P[D] S L A V B L G E R A T Query sequence has 'D".
Chothia numbering| L1 | L2 | L3 | L4 |L5] 6| L7 |LB|LO|L10 |11 |12 |L13 | L14 | L15 |L16 | L17 | L16 | L19 | L20 Select residue numbers for other distributions.
Chothia+ numbering| L1 | L2 | L3 [ L4 [L5|L6|L7 |LB|L8| 10| L1 |12 |13 | L14 [ L15 | 16 | L17 [ L18 | L19 | L2D
Kabat numbering| L1 | L2 | L3 | L4 |L5]| L6 L7 |LB|LO| L1011 |12 |13 |14 | L15 | L16 | L17 | L16 | L19 ] L20 :
Chothia L1
REGIONS: CHOTHIA LFR1
ABM LFR1
KABAT LFR1
CONTACT LFR1
~
I [N[C|[K[S[S[Q@[] S [V L Y B B N N K [N[Y[L[A[W][Y Q T
(2122|2324 25|26 |27 | L28 | L29 | L30 | L30A |L308 | L30C | L30D | L30E |L30F | L31|L32 |L33|L34 |L35]|L36] La7 2
(21|22 2324 |25| 26|27 | L28 | L29 | L30 |L30A |L30B |L30C [L30D | L30E [L30F|L31[L32|L33|L34|L35|L36] L37 <
(2122|2324 ] 25]| 26| L27 | L27A | L27B | L27C | L27D | L27E | L27F | L28 | L29 | L30 | L31]L32|L33|L34|L35]|L36] La7 =
-~ eORLT LFR2 &
S CEDRL1 LFR2 w
S _CEDRLT LFR2 v
e S GDRALT s LFR2 2
&
Q[K[P[GJQ@[P[PI[KJLIL][IT[Y[W[A[S|JT]I[RJE[S[G[V]PI[ID]| =
38 | L39 | L40 | L41 | L42 | L43 | L44 | L45 | L46 | L47 | L48 | L49 | L50 | L51 | L52 | L53 | L54 | L55 | L56 | L67 | L58 | L50 | L60 o«
38 [ L39 | L40 | L41 |42 | L43 | 44 [ 145 | 46 | L47 | L48 | L49 [ L50 | L51 | 152 | L53 [ L54 | L55 | L66 | L7 | L58 | L59 | L60
38 | L39 | L40 | L41 | 42 | L43 | 44 | L45 | 46 | L47 | L48 | L49 | L50 | L51 | L52 | L53 | L54 | L55 | L56 | L67 | L58 | L59 | L60 0
- CcbrRLlz LFR3 ACDEFGHIKLHNPORSTYUWY -
~ CDRLz2 LER3
.~ CDRLZ2 " "
° _©GDRL2 LFR3 Amino id::tri‘c.al Relative | [Aminol, d:r?l'i‘(‘.al Relative
Acid Seaqs Frequency| | Acid [ — Frequency
R]IF[s[G[s|[G[s[e][T[DJ[FJ[TJL][T]I1][S[SJ|J[LJQ]AIJTE]ILDT]WV A10?26%M5$<1%
161 |62 | 63 |64 | 165|166 L67 |L66|L60 | L7071 |L72|L73|L74|L75]|L76|L77 |L78|L79 |L80]| 61| L82 | L83 = 7 - N =3 L
161 |62 | 63 |64 | L6566 |67 L6869 | L7071 |Lr2|Lva|Lr4|Lv5]|Lre|Lr7 |L7e|L7o L8081 L82] L83 5 = =
(61|62 | 63|64 165]|L66]L67 | L6660 |L70] 71 |L72|L7a|L74]|L75]L76|L77 |L78|L79|LB0] 61| L8z L83 5755 - 17555 7
F 16 <1% R 34 <1%
G 126 <1% S | 1474 5%
- 51 <1% T 29 <1%
AJv]Y[Y[clalal[Y Y [s[T[A[F[T[Fl[G6] P 6 [T [ K]V D] l'(ig :1:”2“,’\,357 :1;’;
184185186 |67 |L68|L69|Lo0|L91|L92]193|Lo4|L95]|L96]L07 |L98|L99 ] L100 ] L101 |L102 |L103 ] L104 | L105 | L106 T = = v = e
(84 |85 186|687 | L6869 |90 |91 |92 93|94 |L95]|L96]L07 L9899 100|101 [L102|L103 ] L104 [ L105 | L1086 = o
84185186 |67 | L6869 |Lo0|L91|L92]L93]Lo4|L95]|L96]L97 L9899 ] L100] L1071 |L102 |L103 ] L104 | L105 | L106 -
TFRd Total | 18924 | _100%
225 Download a Postscript version of the graph.




Numbering systems are important
Antigen binding regions vary in critical ways.

Numbering needs to take structural and functional variation into account
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Frameworks can vary too

« H3 Framework insertions occur in many antibodies
* Our own “Chothia+” system also considers Framework

(0 O 0 o N 0 D I 20 e L B T T | N IS
R A T N N MOl G Hi78 | 179 | H8o | Het | He2 | HB2A | Fio2B | He2C| Hea | Hed | ries
F66 | 167 | 68 | F69 | F70 | H71 | 72 [ H72A | H728 | H72G |7 | Fira | frs | Fire | Ar7 | Ave | 79 | H6o | el | rez [ Hea | s | ies
HB6 | H67 | H68 | H63 | H70 | H71 | H7. H73 H74 H75 BH76 | H77 | H78 | H79 | H8O | H81 | H82 | HB2A | H82B | HB2: H83 | H84 | H85

HFR-H3

With our approach framework insertions are also put
in appropriate structural locations

H82A, H82B H82C X  Chothia, Kabat

H72A, H72B H72C ¢  Martin (Chothia+)
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1. Humanness of Herceptin

Query

Key Annotation

abyYsis

Summary Numbering & Regions Canonical Classes Unusual Residues Structure Germline View Humanness |=

Fregquency of occurrence

20

Comparison database [Human Heavy Chains :] Display Mouse Distribution & @

Comparison: Human Heawvy Chains

15

10

Ll ﬂw .

Query —
Humar

Mouse —— -Equm‘*-y = (.ﬂquery o ﬁjbﬂﬂm?l}}"lgﬁuﬂm:n

Lowery~ Z-sc0re of the query sequence.
Hauery- Mean %ID query sequence vs library of human sequences.
use i numan - Mean %ID database of human sequences against all other human sequences.
Onumen - Standard deviation of database of human sequences from the average from the
‘ mean percentage identities

ﬂ w reer: human | This results looks quite good.

| Almost in completely green section.
M\ How good is underpinning genomic

| framework? A good framework will
J‘.ﬁ b § | increase confidence further.
1

-3 -2

i) Good quality human-like

ene
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Germline Origin of herceptin

About
Home
Statistics
Definitions

Database Searches
Basic
Structure
Sequence
Distributions

Sequence Input

Key Annotation

Query Summary

Numbering & Regions Canonical Classes Unusual Residues Structu I Germline View I Humanness

Alignment Focus ( V Region $) Translate Targets = @

Displaying 1-99 of 449 residues
Query proteinsequence] E[ V][ Q| L[V ]E]
Chothia numbering] H1 | H2 | H3 | H4 | H5 | H6 | H7

Key Annotation
Blast

DNA Alignment

Links

Antibody Pages

Commercial Use
Companies may use this
public version of Abysis,
but need to be aware
that this is not a secure
server. After trialing the
system, companies
wishing to install a local
version of Abysis, which
can also store and
analyse proprietary
sequence and 3D
structure data should
contact the distributor
ebisu.

This public version of
Abysis is made available
largely through the
generous support of
commercial licensees.

Data Source Accession |Score| Identities
IMGT/GENE-DB | IGHV3-11*05 | 403 75/98 |cag gtg cag ctg gtg gag tct ggg gga ggec ttg gktc aag cct gga ggg tcc ctg aga ctco
IMGT/GENE-DB | IGHV3-66*02 | 402 80/97 |gag gtg cag ctg gtg gag tct ggg aga gge ttg gtc cag cct ggg ggg tcc ctg aga ctc
IMGT/GENE-DB | IGHV3-66*04 | 402 80/97 |gag gtg cag ctg gtg gag tct ggg gga ggc ttg gtc cag cct ggg ggg tcc ctg aga ctc

REGIONS: KABAT HFR1
ABM HER1

CHOTHIA FR1
CONTACT FR1

[ sTc]JATATJTST]G] [ t TKTDJTTJIYTJT I JTHIWIVIR[IQJATJTPTIGTIK/]

| H21 [ H22 | H23 | H24 [ H25 | H26 | H27 | H28 | H29 | H30 | H31 | H32 | H33 | H34 | H35 | H36 | H37 | H38 | H39 | H40 | H41 | H42 | H43 |
koo | tgk | .gea. . gee | bek: | ggas | thle | ace | Bte: | sagk | gac | tas | bac: iabg | age | tgg | atc: | ege | wag L gel | ocs | agg aag
tce  tgt gca goc kot gga tke acc gtc agt age asc  tac atg agc  tgg gtc cgc  cag  gckt  cca  gag aag
tce | tat gra dee ket lgga.  kEc  gce  gte  agt agc @gac  kac | .atg aAage  ktgg gte icde | ieag detk €ca  ggg aag

| ¢ e | FR2
FR2
-————— HFR2
I Hee—— HFR2
[eTLTETWIVTIATRTJTITYT[T P JTTINJTGIY[TT[IRJYTATD[STVIKTIG]
[F4a | 145 | H46 | Ha7 | H48 | Hag | H50 | H51 | H52 | H52A | H53 | H54 | H55 | H56 | H57 | H58 | H50 | H60 | HB1 | H62 | H63 | He4 | HB5 |
ggg ctg gag tgg gttt tca tac att agt agt agt agt agt tac aca aac tac dca gac  tct gtg aag ggc
ggg.. ctg . gag.. tgg .'gtc. teca . gtt att  tat ? agc .ggt. ggt , agc . aca. . tac. tac , gca . gac . tec . gtg , amg . ggc
gag ctg gag tgg gtc tca gttt att tat ? agc ggt ggt @agc aca tac kac gea gac  tcc gkg aag ggc
- ]
e e —— D S ]| HFR3
[ — - —
= e e M HFR3
IRIFITIIISIAIDITISIKINITIAIYILIQIMINISIL|R|A|E_|
H66 | H67 | H68 | HE9 | H70 | H71 | H72 | H73 | H74 | H75 | H76 | H77 | H78 | H79 | H80 | H81 | H82 | H82A | H82B | H82C | H83 | H84 | H85 |
cga _ttc acc atc tcc aga gac aac gcc aag aac tca ctg tat ctg caa atg aac agc ctg aga __goc __gag
cga ttc acc atc ftec aga gac aat tcc aag aac acg ctg tat ctt caa atg 2ac agc ctg aga gct gag
aga ttc acc atc tcc aga gac  aat tcc aag aac acg ctg tat ctt caa atg aac agc ctg aga _gcc gag
HFR3

ID]JTJAJV]Y][Y]C|S[R[W]
|H86]|H87[H88|H82|H90[HS 1|He2|H83|HS4|HY5]
gac acg gcc gtg tat tac tgt gcg aga ga
gac acg gct gtg tat tac tgt gcg aga

gac acg gct gtg tat tac tgt gcg aga ca

Insertion
A dot indicates that the target base or residue is identical to the corresponding query base or residue

[ Show Advanced Options |
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Humanness of Herceptin genomic framework

Key Annotation
Query Summary Numbering & Regions Canonical Classes Unusual Residues Structure Germline View Humanness |

Comparison database [Human Heavy Chains %) Display Mouse Distribution & @

Comparison: Human Heawy Chains

20 T
Query

Huran E"qur_,ﬂry - {J’-I'qut:ry - ﬁhuﬂmn]fﬂ-huﬂmu

HMouse

Lowery~ Z-sc0re of the query sequence.

15 ¢ 7 Uawery- Mean %D query sequence vs liorary of human sequences.

Wnuman - Mean %D database of human sequences against all other human sequences.
Onuman - Standard deviation of database of human sequences from the average from the

ol mean percentage identities

Freguency of occurrence

W Framework score IS

i | | good. Better score than
ol | L Herceptin. So Herceptin
oo ~...° ' *  Dbasedonagood

framework.
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Variation in genomic frameworks

Investigative work has been implemented in Abysis to reflect
how similar an antibody is to the mature human repertoire.
Blue: Mean % ID of each human antibody to all others in the
set as Z score.

Red: Human VH germline antibodies

Huawy chisn

Equm‘-y — (Ju'qucry - ﬁhuﬂmﬂ}}"lghuﬂmu

18 |

14
Zyey- Z-sc0re of the query sequence.

Hauery- Mean %ID query sequence vs library of human sequences.

human- Mean %ID database of human sequences against all other human sequences.
Ghuman - Standard deviation of database of human sequences from the average from the
mean percentage identities

i2

e

_— l.mmu | &

Frisgusnzy of e urmani
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2. Clinical antibody hu3S193

Targets LewisY antigen in epithelial cancers

Anti-antibody response

JOURNAL OF Search for:
CLINICAL Limit by: | All Topics
; Browse by Topl
PDA Services

Journal of Clinical Oncology, 2004 ASCO Annual Meeting Proceedings (Post-Meeting Edition}.
Vol 22, No 145 (July 15 Supplement), 2004: 2567

© 2004 American Society of Clinical Oncology

Abstract

Phase I trial of hu35193 in patients with advanced epithelial cancers which
express the Lewis-y antigen

A. M. Scott, N. Tebbutt, F.-T. Lee, T. Cavicchiolo, Z. Liu, A. Poon, M. W. Brechbiel, E. Stockert, E. W. Hoffman and L. J. Old

Ludwig Institute for Cancer Research, Heidelberg, Victoria, Australia; National Institutes of Health, Bethesda, MD; Ludwig
Institute for Cancer Research, New York, NY

2567

Background: The Lewis-y (Le¥) antigen is a blood group related antigen that is expressed in a high proportion of epithelial cancers. We have
generated a humanised antibody (hu25193) against LeY, which has potent immune effector function, and efficacy in murine tumour models
(Scott et al, Cancer Res 60: 3254-3261, 2000). Methods: An open label dose escalation Phase I trial of hu35193 in patients (pts} with
advanced Le" positive epithelial cancers has been conducted. Inclusion criteria included +ve LeY expression in tumour assessed prior to study
entry. Pts received 4 infusions of hu35193 at weekly intervals, with four dose levels (5, 10, 20 and 40 mg,fmz}. The first infusion of
hu35193 was trace labelled with 11In to evaluate targeting. Biodistribution, pharmacokinetics, and immune response were evaluated in all
patients. Results: A total of 12 pts (6M:6F; age range 42-76 yrs; 5 breast, 7 colorectal cancer) have been accrued into the study,
completina the 5 (3 pts}. 10 (6 ots} and 20 (3 pts} ma/m? dose levels. No infusion related AEs were observed. There was one episode of




Humanness scores for hu3S193
Heavy and Light Chains significantly worse than Herceptin

Heavy Light

Comparison database ((Human Heavy Chains  $] Display Mouse Distibution ¥ @ Comparison database (Human Light Chains 4] Display Mouse Distribution @ @
Comparison: Human Heawy Chains Comparison: Human Light Chains
Query —— Duery ——
Humar Humar
Mouse ——— 20 Mouse ——

ebisu group
=
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3. Humira (adalimumab)

How ‘perfect’ is it?
3-year follow-up study* in RA patients indicates higher anti-antibody response.

* Up to 28% developing anti-antibodies

* Presence of antibodies linked to failure of treatment and higher RA score

* Only 4% of those with anti-adalimumab antibodies had sustained remission
* 34% of antibody negative set has sustained remission

Analysis of Humira sequence identifies unusual residues

Residues cluster in 3D

30:H, 52:H, 53:H, 56:H, 64:H Red

* Bartelds et al., JAMA.2011;305(14):1460-1468 ~superposed on 1yqv. @_ .




