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Why Biophysics

Increase the quality of hits and leads in drug discovery

e Better understanding the mechanism of binding and activity

e Advance hits earlier and more efficiently
— Identify and discard unwanted and promiscuous compounds early
— Confirm and characterize weak hits, difficult hit series and singletons
— Enable proper follow up for all hits
— Prioritization of hits for expensive follow up (NMR, Xray)

— Bona fide hits for MedChem optimization

e Most biophysical methods are complex, costly, resource intensive and do not provide HT

e Biophysical methods are complementary technologies and need to be well positioned in the
workflow
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M Kinet/Therm

Biophysical Technology Toolbox

In use / under consideration at Evotec

TECHNOLOGY TYPE OF INFORMATION

Biochemical binding assasy (FCS+plus, Reporter Yes/No Binding, Kd, Ki, kon/koff, AH,
Displacement) AS

Surface Plasmon Resonance (SPR) and related Yes/No Binding, stochiometry, Kd, Ki,
technologies (switchSENSE, MolSense, Biolayer Interfer.) kon/koff, (AH, AS)

Mass spectrometry (LC-MS) and HT MS (RapidFire), HX- Yes/No Binding, Kd, Activity, Protein
MS, MS-based Proteomics Dynamics, PTM, Pathways
Nuclear-magnetic resonance (NMR) Yes/No Binding, Kd, allosteric sites
Isothermal Titration Calorimetry (ITC) Stochiometry, AH, AS

Differential Scanning Fluorimetry (DSF) Protein (de)stabilization, Tm
Dynamic Light Scattering (DLS) Cpd Aggregation, Solubility

Fragment Molecular Orbital Calculations (FMO) Electrostatic Interactions, AH
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Requirements on Protein Quality

Proteins for Biophysics

e Procedures to identify the suitable constructs Example of PTM relevance

— Rational design on published precedence or obvious analogies / Interaction of inhibitors sensitive to the activation state of a
homologies, Construct library screening kinase domain

— Variation of species: elucidation of sequence conservation for surface GC-
mutants loop

— Limited proteolysis to identify compactly folded domains

e Methods to express the recombinant proteins / isolate
native proteins hinge-region
— Suitable expression systems / hosts; native sources
— Timeframe from construct => expression feasibility => upscale

e Quantity

— Largest consumption in Xray (>5mg) and Calorimetry (>5mg), | \ \p e activation
low for Biacore (<1mg)

— Ranges from 1mg to 30 mg per production slot (also pooled batches)
— Several protein variants may be required in parallel

e Quality

— General protein analytics to confirm identity (e.g. mass, EDMAN) and o B .
purity (special: disulfide linkage after refolding) type Il inhibitors sensitive to phosphorylation state

— Biochemical behavior with respect to stability (e.g. TSA buffer screen),
aggregation/dispersity or app. molecular weight on SEC

— Xtalisability, Functionality (activity or binding), PTMs
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Hit Discovery by biophysical methods

Typical project workflow

@ Assay development phase to establish assay conditions and
optimise sample and experiment conditions

Clean screen to remove not well behaving cpds

@ (e.g. insoluble, slow off, matrix binders, hyper-stoichiometric
binders)

Primary screening (Binding level screen)

@ Prioritization of hits for profiling, statistical hit identification
based on normalized binding response

Profiling (Affinity screen)

@ Ranking of hits wrt affinity, selectivity based on steady state
binding response plots

Analysis of SAR, tractability of hit compounds
@ Hit validation in competition and orthogonal assays
Hit expansion

Biochemical binding assay, SPR, NMR,
HT-MS

SPR, DLS, NMR, ITC

Biochemical binding assay, SPR, NMR,
HT-MS

Biochemical binding assay, Activity
Assays, LC-MS, SPR, NMR, MS-
Proteomics

Xray, FMO, DSF, Biochemical binding
assay, Activity, SPR, NMR, LC-MS, MS-
Proteomics
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Residence time in Drug Discovery

Drive cpd optimization by in vitro measurement of Ky and k.

Critical factor for drug efficacy in vivo is not apparent affinity, but rather “residence time”

“Residence time” = binary complex residence time = period for which receptor (R) is occupied
by ligand (L)

In vivo: compound-target interaction time is dependent and influenced by other determinants
rather than compound-target molecular interaction

residence time directly measured by dissociation half-life of compound-target complex
(t12=In2/Kf)

0.07
006 § _ICs0 (t=0): 550 nM

o o 005

\ﬁjﬁﬁ/o‘[j jPe S - ICsp (£=10 min.): 200 AM
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Nexavar (Sorafenib, BAY43-9006) - 0.02 / ICSO (f=60 mfn.): 50 nM
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preincubation time of compound with kinase [min]
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Residence time determines selectivity

Demand for kinetic selectivity panels

% inhibition

T
Low selectivity ‘ |

good selectivity

Compound with slow koff

Compound with fast koff
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FCS+plus provides multiple read-out options

The target selects the optimal read-out for binding and activity assays

................ [ CEREY

V=0.24f

Portfolio of read-out options for FBDD
e Translational diffusion / FCS

e Rotational diffusion / FP

e Fluorescence lifetime / FL

e Fluorescence intensity / Fl

e Molecular particle brightness / FIDA

Fluorescence-intensity distribution analysis and its
application in biomolecular detection technology

Peet Kask**, Kaupo Palo*, Dirk Ullmann*, and Karsten Gall**

*EVOTEC BioSystems AG, Schnackenburgallee 114, D-22525 Hamburg, Germany; and fInstitute of Experimental Biology, Instituudi tee 11,
EE3051 Harku, Estonia

Communicated by Manfred Eigen, Max Planck Institute for Biophysical Chemistry, Géttingen, Germany, October 4, 1999 (received for review
February 16, 1999)

A methodology, fluorescence-intensity distribution analysis, has  photon count number distributions. An appropriate theory and
been developed for confocal microscopy studies in which the  realization of this method of analysis is introduced in this paper
fluorescence intensity of a sample with a heterogeneous bright-  and has been designated fluorescence-intensity distribution

PAGE

8



. evotec
O

Site-specific biochemical reporter displacement

Determines k., k.., kos, Kq and residence time t,,

+
+
—_—
L signal L signal ’\—v no signal
site- specific reporter probe label free compound of interest
1600
| M Il Full reporter binding
Multiple readouts 2 *. to T N
. . e . . .
pOSSIble incl. 85800 | increasing concentrations
gs [ | of label free compound
FCS+plus 8% o .
T - = - —= .
0 .
0 5000 10000 15000 [l Full reporter displacement
time [sec]
PAGE 9 Neumann L.; von Konig K. & Ullmann D. (2011) HTS Reporter Displace ment Assay for Fragment Screening and Fragment Evolution Towards Leads with Optimized

Binding Kinetics, Kinetic Selectivity, and Thermodynamic Signature, In: Methods in Enzymology, Vol. 493, 299-320.
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Surface Plasmon Resonance (SPR)

Label free screening and profiling

e Powerful tool for studying biomolecular interactions in a sensitive and label-free detection format
— Secondary screening of compound libraries and hit conformation
— Primary screening of larger fragment libraries for hit identification

e Principle s e B
) sees
— Measurement of the refractive index near the senor surface //

— Immobilization of a ‘ligand’ (i.e. enzyme, receptor) on the sensor surface
— Monitoring of binding kinetics of analytes in solution passing the surface under continuous flow

Optical
detection

.
1 Light- unit Intensity
source
| I
------- Polarized Angle
- - . light

Prism Resonance
| signal

J .c;l 'J \'J c Sensorchirwith - |

gold film

i Flow channel
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Surface Plasmon Resonance (SPR)

Direct Binding Assay

e Monitoring biomolecular interactions in real-time
— Target protein and unrelated control protein is immobilized to sensor chip
— Analytes (compounds/fragments) are flown over enzyme surface

» Binding of compound to enzyme results in increase of SPR
signal (association phase)

= Wash out of bound compound with buffer result in decrease
of SPR signal (dissociation phase)

e Fitting of sensorgrams recorded at different compound
concentrations to an appropriate interaction model
— Extraction of kinetic parameters (k,, ky 2 Kp)

e Requirements/limitations
— Kk, / kg values in reasonable ranges
— Protein size (< 100 kDa)

e Excellent method to screen fragments and profile/
validate hits identified in HTS campaigns
— BC4000 used for primary screening (up to 4,000 data pts/week)
— Biacore T100 suitable for hit profiling and validation

SPR signal

compound
coupled
control
reference surface

w/o protein coupled

target
association dissociation

[ l' \ j' \

I I |
R -conc. 5
[/ i —conc. 4
.'I’F Vg “""”"”*’-\"-i:‘ —conc. 3

/ A
[ jomemvominmeen | _conc. 2

. I: || '." \\,;:I\'
| '.’I / /,,.f-*"‘““*"'\\.&\-& —conc. 1
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time
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Surface Plasmon Resonance (SPR)

In-solution Competition Assay (ISA)

® Validation of fragment inhibitors of target enzyme by label-free SPR-based in-solution
competition assay (ISA) — case study BACE

Solution competition. —_— Fragment
Competitor fragments (light T

blue) bind to BACE (red) BACE
obstructing binding to the high

affinity peptide ligand (blue).

Binding of free analyte
(BACE) is detected.

KTEEISEVN-statin-VAEF KFES-statin-ETIAEVENV
Substrate analoge inhibitor Scrambled peptide for reference surface

Calculated IC5,0f ~0.9 £ 0.1 mM is
spot on with value determined in
biochemical assay (0.87 + 0.26 mM)

Sensorgrams of hit fragment profiling

120+
— 22 nM BACE1
s 100- — 15.6 M cpd1
¥ 804 31.3 uM cpd1
= —— 62.5 uM cpd1
g 60- M p
k=] — 125 pyM cpd1
o 20 — 250 uM cpd1
& 20- /N — 500 uM cpd
— 2000 pM cpd1
(T fol
! T T — y — Buffer
0 200 400 600
Time (sec)
" N
g 100 T
=
[
>
e N Ny
T M
& NSNS
s 504 <
N 1
E 0.87mM#0.26
[=]
[
0 T T
-5 -4 3

log [M]

FiGUrE4: Inhibition in solution of interaction of

BACEI1/KEEI-

SEV N-statin-VAEF with Compound 1 on a Biacore device. Data
were fitted by nonlinear regression, and [Cs; is estimated to be 0.9 +

0.1 mM (n = 2). The maximum applied compound

concentration is

2 mM,; therefore, only a partial sigmoidal concentration response

curve was recorded.
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Surface Plasmon Resonance (SPR)

Case study fragment screen cytokine target

¢ 10k of the Evotec fragment library screened at 100 uM fragment conc. using BC4000

Interactions with an unrelated control protein monitored in parallel

Replicate injections of control inhibitors throughout the run to ensure surface performance: Z: 0.6 - 0.9

Hit identification using 3c method; hit threshold calculated for each plate and each protein surface separately

Prioritization of fragments based on binding level, sensorgram shape and selectivity (using curve markers)

e Profiling of prioritized fragment hits returned specific, well behaved binders
» 8-pt CRCs, incl. 2 conc. in duplicates, 2-fold dilution

high affinity fragment hit
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switchSENSE Technology

Novel multiparamter “SPR-like” approach

A . _ N - SWitchSENSE . .
€ i1 iivwe The DNA switching is sensitive to binding Principle ° Prlnc:lple is based on
blosensors . .
electrically switchable DNA
Label-free interfaces

Target _
¢ New additonal parameters:

Molecular Size and shape

a/ .'l

Detecl S|ze Modifications

Receptor

DNA . .
f f e Located in Munich, Germany
AC DNA- Protem Pr;tein—/PrE:lein J F-old.;ng/ WWW_dynamiC-biosenSOrS.COm/
» Label-free é E.
» Real time £ 674 KL

DNA-DNA Single-Mismatch Aptamer

Anaylsis of switching amplitude and of switching dynamics

PAGE 14



switchSENSE Technology

Technology Potential
'i?'} _. ’ switchsENSE is the only label-free technology sWitchseNsE
" piosensors  allowing the measurement of molecular dynamics Princile o Sensitivity ca. 1000x higher
than SPR

switchcHIP e Perfect method for high
24 x parallel affinity interactions (pM-fM,
4 flow channels, V=1pL BiOlOgiCS)
re-usable

konl koff
switchseNnse analyzer Ko
label-free, real-time, | T
variable tem "
P size & shape
+‘

molecular dynamics

Measurement of molecular dynamics allows unrivaled sensitivity and determination of _
size and shape (e.g. conformational changes, aggregation) switchSENSE Analyzer
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Mass Spectrometry based Proteomics

Binding Dynamics within Cells and Proteome

Sample Proteins or Peptides Separation lonization Mass Spectrometer Data Analysis Data Interpretation
\ ) \ ] \ J
| / |
Isotopic Labeling Liquid Chromatography (LC) Identification/Quantification
(SILAC, DiMe, mTRAQ, iTRAQ, TMT) (EASY nLC1000, 20-50 cm, 75um ID, 1.9 ym bedas) (MaxQuant)
Pre-fractionation / Enrichment Mass Spectrometry (MS) Bionformatics/Statistiks
(Affinity beads, SCX-IMAC/TiO,, anti-bodies, (LTQ-Orbitrap Velos, Q-Exactive, TSQ Vantage) (Spotfire, in-house programs, e.g. SubExtractor)

SAX, high pH RP)
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Cellular Target Profiling®

Revelation of a compound’s cellular target spectrum

» Determines a compound’s proteome-wide binding affinities in any cell line or

tissue of choice

« State-of-the-art chemical proteomics facilitates unbiased native profiling against

endogenously expressed, full length proteins in the presence of cellular co-factors and complex partners

« Enables target deconvolution of hit compounds from phenotypic screens and thus broadens the

available chemical space for drug discovery

» Provides cellular selectivity data and identfies off-target liabilities to inform decisions in lead optimization

and clinical candidate selection

» Extensive, non-target class restricted track record in target deconvolution and profiling of various small
molecule compounds (e.g. kinase inhibitors, antibiotics, epigenetic drugs, HDM2 inhibitors & small

molecules targeting metabolic enzymes, ligases, reductases, transferases, heat shock proteins)
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Cellular Target Profiling®

Profiling of a kinase inhibitor

.0 Ko LHM]
0.1 | )
1.0 | %
10 | E

/ PI3-kinase catalytic subunit delta (PIK3CD)

PI3-kinase catalytic subunit beta(PIK3CB)
PI3-kinase regulatory subunit beta (PIK3R 2)
PI3-kinase regulatory subunit gamma (PIK3R3)
Beclin-1 (BECN1)

Pl3-kinase regulatory subunit 4 (PIK3R4)
P13-kinase catalytic subunit type 3 (PIK3C3)

UV radiation resistance-assoc. gene protein (UVRAG)
Pl4-kinase catalytic subunit alpha (PI14KA)
PI3-kinase catalytic subunit alpha (PIK3CA)
Glycogen synthase kinase-3 alpha (GSK3A)
Adenosine kinase (ADK)

Zn-bdg alcohol dehydrogenase domain-cont. prot. 2
Diphthine synthase (DPH5)

Glycogen synthase kinase-3 beta (GSK3B)
Serine/threonine-protein kinase RIO2 (RIOK2)
Ketosamine-3-kinase (FN3KRP)

Pyridoxal kinase (PDXK)

Lactoylglutathione lyase (GLO1)

<— Isochorismatase domain-containing protein 2 (1ISOC2)

Phospholipase D3  (PLD3)

J<— Deoxycytidine kinase  (DCK)

DNA-dep. protein kinase catalytic subunit (PRKDC)

Protein kinases

Non-kinase proteins

PIK3CD Kyfree = 87 NM
PIK3CB

A
v

Kgree = 300 NM

y 3
v

PIK3C3

800 nM

Kd,free

A
v

PIK3CA K sreo = 1366 NM

A
v

UCB’s cpd discriminates PI3K isoforms within a
cancer cell line

PAGE 18



.. evotec

Cellular Target Profiling®

Target deconvolution study with Johnson&Johnson

Sequence Binding .- e
. . Competition Competition
Protein Coverage C.u rve Kpimmo A(I:tive Ina'::tive Kofree [nM]
AETS [%] [y [uM] Compound Compound >
Compound)

i 44.7

Frotein A 1.9 G 1207 F

Protein B 3.5 54/ 127.9 RN 51.0

Protein C 2 5

141.1 I N i 40.8

—
Protein D 0.1 T 1169 F N R 47.8

e Compound was identified from a phenotypic screens with differential effect on cancer cell lines
e Cellular Target Profiling® identified protein X as main cellular target

e Gene expression profiling and target validation by Johnson&Johnson confirmed key role of protein
X as critical target in sensitive cancer cells

PAGE 19



Chemical proteomics for sub-proteome analysis

KinAffinity® & Epigenetics Target Profiling®

Test compound

) Ko[uM]
Q \.‘ ‘J ~ Protein Target 1
4 ) - Protein Target 2
‘) p 4 Y \* ) 0.01 ProteinTarget 3
Q ‘3 | . ’ 7 — ~—— — Protein Target 4
e b ~ Protein Target 5

y B — '
, ‘/ o - f“ * = —— — Protein Target 6
' g. \9 ) L “"“.\\‘TTI]J]TIﬁ:‘,f;;f i N
~F - "v — - __ __ Protein Target 7
0 — Protein Target 8
Cell or tissue Enrichment of selected Competition of target LC-MS/MS Subproteomic
sample subproteomes proteins by test compound analysis K4 protein target
by suitable small molecules list

Mixture of beads of broadly selective
kinase or HDAC inhibitors

e Rapid native selectivity assessment against endogenous kinases HDACs without need for linker
compound synthesis

e Correlation of in vivo data with cellular target information to support the selection of drug candidates
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KinAffinity®

Native kinome profiling

KM

MAP4K5 °
GAK

ABL2
ABL1
LYN

0,01 MAP4K3

- ~ FYN °

SRC
- - MAP4K4

FRK

— S EphA2 °

01 - i . EpnB4
’ Ny

10

MAP2K2
ACK
TNIK
QSK
SLK

MAP2K1
MAP3K2
LOK

=<
moO
(7]

‘ [
P

Target profile of bosutinib in PC3 cells

Bosutinib (SKI606, Wyeth) is currently tested in breast
cancer and CML

KinAffinity® enriched nearly 200 endogenously expressed
kinases from human prostate cancer (PC3) cells

45 of these kinases were identified as molecular targets of
bosutinib
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Epigenetics Target Profiling®

Profiling of SAHA (Vorinostat) using a generic matrix

Binding Competition Ky [uM]
Kq [1M] _ ’
—  MIER3 HDAC1 l]\ 0,19
— C160rf87 :
01 - — — 3N38 HDAC2 *\ 0,24
-~ MIERT .

- NCOR1

- RCOR2

- NGOR2 1T N
‘ gLEDR?’Z HDAC3 E— ’\ 0,35
GPS2
BHC80
ase HDAC4 —
- CoREST :
GATAD2A
HDAC6 — - 0,43
: S
GATAD2B
D4
HDAC7 74/
HDACS | . — SN >6,5 ) ) -
10 Epigenetics Target Profiling® allows for
HDACTO | ey o maximum HDAC coverage and constitutes
a native assay under conditions that
et foac preserve the integrity of HDAC complexes
HDACS8 g:n:::r; :Io?ggscomplex partner

Target profile in human ovarian cancer (A2780) cells
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Isothermal Titration Calorimetry (ITC)

Gold standard in binding thermodynamics

e |TC simultaneously determines all binding parameters (N, Kd,
AH and AS) in a single experiment

e High protein consumption, low throughput (MicroCal iTC 200 as

a sensible compromise)
XX0088XXXX XX0088XXXY XX0088XXYZ C*I\
Time (mm ! 0 i} -rz,;ﬂe (mai;,) ) 3 U § Time (m,n) . I S%rgﬁle Hef(e:reelllnce

0.00

0.00

.
1 ‘ [ | || ] 0201
020 } r . 0.40 ]

-0.20 +

=

» Sample Cell

TTTTTTT ‘ ‘ ]
1 T [ j Jacket
‘ | | | | | ' 5 L AT ™ Feedback
0.40 . - f
r i Feedback
060 4 - 0404 7 0804 ]
-0.80 4 4 -0.60 B e ]
] | 100 ]
4100 4 -0.80 4 . 120 ] ]
T T T T

ucallsec
ucallsec
ucallsec

120 . -1.00 140 ]

440 , , 420 sy . e Power required to AT,
T ey _ 20 . ] /-f" ] maintained during titration
g § SRR ,_ ] ofllggnd into protein
5 4001 5 400+ 5 500 ] solution equal to Heat
$ on] g £ am; . Change of Binding AH
€ om] gom _ g 0] mws 1 e Slope defines 1/K,

00 05 10 15 20 00 o0s 10 15 20 e 00 0s 1o 15 20 e Molar ration defines
Molar Ratio Molar Ratio Molar Ratio

Number of binding sites
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Thermal Shift Analysis

Protein folding and thermodynamic equilibrium analysis

e Thermal shift analysis

— Based on energetic coupling between ligand
binding and protein unfolding

— Detects thermal unfolding of a protein (melting
temperature T,,)

— Assumes that a ligand changes the thermal
stability of a protein (+/- AT,,)

— Environment-sensitive dyes selectively interact
with the unfolded state

e Evotec's capacity:
— FluoDia T70, Photon technology international
— 384-well format
— 1 plate/day
— Detection range: 25 - 75°C

— Routinely applied in hit validation phase and as
early filter for X-ray crystallography

In absence
of a ligand

In presence
of a ligand

ﬁ T-dependent - C\g
¢

e

Change of T,
s — O = O
— — é}

Apo-protein:
Tm =50.7°C

"

Holo-protein:
Tm=64.1°C

+ ligand

§
§
]
g
EJ
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Example: Hit to Lead Project Support

Thermal shift drived compound series prioritization

e Increase of thermal stabilization and potency within a compound series

\/ / Correlation between TS
B I and potency
f: F_+~_E+J#HXJ/ E ; g- *
I i L I o Concenwatoniumy © T ol
ICey: 43 uM IC50: 3.3 UM IC50: 0.81 uM o0 25 s A;;fc)“"-"
T - AT = 6°C Tm: AT = 9°C Tm: AT = 13.4°C

Increase of potency and thermal shift
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Example: Multi-equilibrium target inhibitors

Interpretation of thermal-shift data

e Observations: compounds may stabilize or destabilize target (Prot)

e Proposed mechanism:

Stabilization Destabilization by unfolding Destabilization by forming
K monomers
D . .
Protnat,ve + ng _9% Protnat,veL g IDrOtnative + ng I:}rOtnativel—lg I:)FOtdlmer + 2X|—|g Protnat,veL g
fnewre  {nows | [uewe [ e .
Ko 2XProt  onomer + 2XLIgE=— 2xProt, . omerLid
PrOtunfold + ng Protunfo|dLig PI"Otunfold + ng <= I:>r.0tunfold|-ig
{1
Positive stabilzation . m:i”x;‘:ﬂz‘iﬁ’ﬁ’m Negative stabilization with distinct thermal shift
8 ) i 10- _
[y S— o 2xProt soiqLig
gJ-F g g § 64
] 1 « CodA '““ "y
<~ CpdB \ 2
v “;_ig] ?ﬂ:n) oo SRR %o 45 40 a5 a0 15

ET— log[Lig]
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Application of FMO Calculations

Example of a fragment in complex with CDK2

e Fragment Molecular Orbital (FMO) QM calculations can be used to assess the interaction
enthalpy between a small molecule and each amino acid residue in the binding site of the protein

— Analysis of Paired Interacting Orbitals (PIO) and by Pair Interaction Energy Decomposition Analysis (PIEDA)
can give valuable insight into what are the key interactions

— FMO results may not correlate directly with activity data as solvation and entropy effects are not considered

PDB: 1WCC
IC50 = 350 HM
-48.40 kcal/mol P10 analysis ] PIEDA diagram

Glu81

g4
a0
E1
22
a3

ILE-10
VAL-1S
WAL-Z0
LEU-32
SALT-B
ALA-144
waL
FHE
GLU
PHE
LEU
LEU-134

WHOHA

Phe82

CT & Mixed

Dispersion

His84

]
| NN N TN N T N Y N Y I Y N N Y N O I O I |
[ A

PAGE 27 Mazanetz M.P. et al., J. Cheminform., 2011, 3:2.
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Use of FMO analysis to select fragments

Which to expand on, which to link to? Hsp9o example

e FMO can be used to select/prioritize fragments for expansion or linking

¢ Ratio of electrostatic and dispersive interactions predicts which fragments are good to expand on,
and which a good to link to

» o Good elec/disp. ratio

e Good for expansion
28 — low RMSD
40

20
0 Ees

-20 ! Eex

-40

-60 B Ect+mix

-80 m Edisp
-100
-120

» o Relatively highly
dispersive

e Not good for
expansion

e Good for linking to
from other good
ratio fragment

e Maintaining the electrostatic/dispersive balance in medicinal chemistry is important for
maintaining potency (too high elec — high desolvation penalty)

PAGE 28 Ichihara O. et al., Molecular Informatics. 2011, 30, 298-306.
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Thermodynamic signatures - STR

Impacting MedChem optimization

§ temperature [K] 273 ) 290 ] 298 ] 303
T 100" e e ~ .- i oo ° i o-* ° i PR S
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© I | 1 | ] | I | | I | | I | |
2 201 10 0.1 0.1 10 0.1 10 0.1 10
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@ }
_ AG = -RT x In(1/Kd)
AG = AH - ASX T 1 Thermodynamic Signhature
'38_\‘ ’ u
©  + y-intercept: AH van t Hoff analysis 20
g I o
£ | S
2 -40 } E 20
© N .
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temperature [K] -T X AS AG
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Neumann L.; von Konig K. & Ullmann D. (2011) HTS Reporter Displace ment Assay for Fragment Screening and Fragment Evolution Towards
Leads with Optimized Binding Kinetics, Kinetic Selectivity, and Thermodynamic Signature, In: Methods in Enzymology, Vol. 493, 299-320.
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Summary and conclusions

There is tremendous and emerging panel of biophysical methods
and technologies available impacting more and more on drug
discovery

Kinetics and thermodynamics are appreciated parameters by an
increasing number of medicinal chemists in hit and lead
optimization

Many technologies show high-throughput capabilities e.g. enable the
@ introduction of biophysical methods earlier, some have even primary
screening capabilites

@ Kinetics and thermodynamics are of increasing relevance to more
complex models and networks (cellular, proteome)

e There is no single technology — a thorough understanding of
biophysics will drive the selection of the right method
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