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What is Computer Aided Drug Design?




A needle in a haystack?

Drug Discovery feels like...




Harnessing the power of computers to design novel bioactive

molecules

S B o%E My X R e %, 3D structures

000000

Billion-sized compound
libraries l
Ty VR By AR C&‘f g‘f‘_ “}l‘fb )’YM,. -
TS EIreIess

o
N PRSI PSP FL P LSS I D PP P LI ST LI FII PO LD IO PO LN DO NN D
FELLLESFLEFLSFLLSFLFEFS LT S TS s TP

R R S G R R R R R R S R S I R S S




A physicochemical description of the drug-target interaction

Donepezil Donepezil- AChE

+
Equilibrium Out of equilibrium
(Thermodynamics) (Kinetics)
kkgT _AGT
AGbin: —RT In Ka = e RT

Only the complexity of the associated equations prevents the mathematical

treatment of large part of physics and the whole chemistry.




We use approximate models to describe reality all the time...




Size and time scale delineate the applicability of computational

models
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Classical Forcefields: describing molecules using Newtonian physics

E = z Estreten + z Epena + z Eiorsion T+

bonds angles dihedrals

Bond distances and angles Bond torsions Non bonded terms

v
&
A
&

Energy = ! 20! HCCH dihedral (degree
Dyn Dan

—— !
Dyy Dyy :
A B
0 Alor Aa




Molecular Dynamics of protein-ligand interaction

E = 2 Ectretcn T z Epena + z Eiorsion +

bonds angles dihedrals

1 Forcefield

Fi = _aEpot/axi

n cycles Trajectory

A 4

a; = F;/m;

A

v;i(t +dt) = v(t); + a;dt

A

x;(t +dt) = x(t); + v;dt —

De Simone et. al. Chem. Sci. 2019
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Understanding the drug-dependent

degradation of the CRBN neosubstrate CK1a




Could we stabilize any transient protein-protein contact and

control cell behaviour?

Invisible PPl complexes

« g ) & o

Adapted from Goodsell, D. S. Biochem Mol Biol Edu 2010.



Could we stabilize any transient protein-protein contact and

control cell behaviour?

Nature does it often...
o wif
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Auxins Ciclosporine A Paclitaxel Sirolimus
(Plant hormones) (Isolated from T. inflatum) (Isolated from T. brevifolia) (Isolated from S. hygroscopicus)
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A completely unexpected mechanism of action with daunting

consequences.

BRITISH MEDICAL JOURNAL

ADVERTISEMENT Jue 24, 1961

may depend on the safety of ‘Distaval’

Consider the possible outcome in a case such as this—had thebottle  As
ontal ti by year, the barbiturates
. Yet it 1s simple eno
15 both highly effective.
be

0 pre seda
and outstanding]y safe.

for over three years in this country, where
rate fs notoriously high but there fs no

gross overdosage with  Distaval’ has had harmful results. Put ¥
mind at rest. Depend on the safety of

BRITISH MEDICAL FOURNAL

“BARBITURATE
DEATHS
INCREASING”

Under this warning headline the British Medical Journal, in an
editorial of October 17th 1959, draws atiention (o the increasing
number of deaths by po % once again emphasising “that
group of drugs cauning these

barbiturates are the most pe
deaths.” How great the increase has been in recent years can be
scen from the latest available figures, which show that 75% of
suicidal deaths due to drugs and 80% of all accidental deaths by
poisoning are caused by barbiturates. From these facts it is
evident, the article concludes, that the barbiturates present a
bazard that the existing precautions against overdosing have not
overcome and that “the increasing mumber of these deatks would

suggest that something more is neoded ™
‘DISTAVAL’
NON-BARBITURIC

(LY THE SISTILLERY SomPARY (Rioshamicats) LimITES

Broadway House, The Beosdway, Wimbledsn, Londen, S.W. 19 Telepbons: LiBerty 6600

DISTAVAL

Owasry of e e ek ‘Dimal”

A SAFE
ALTERNATIVE

BRITISH MEDICAL JOURNAL

A letter 1o the British Medical Journal (October 3rd 1959) from
3 Geaeral Practitioner, suggests that the new non-barbituric
drug "Distaval” soems 10 be “a satisfactory sedative and hypaotic
in many patients”™ and that its use “might go a long way towards
reducing the present annual mortality from overdoses of the
central mervous system depressants currently prescribed.” In
support of this view the wriler gives the following case history :

A 0-year-oMd mas, sulfering from insomnia associated with mild
senile dementia, fook tweaty-cae 100 mg. tablets by mistake. No
specific treatment was given, there was no vomiting or evidence of
respiratory or cardiac depression. After 12 hours apparestly normal
sheep the patient woke up, remaising 2 little drowsy for & further
24 hours.

Since the introduction of ‘Distaval” two years ago a nember of
reports have been received of cases of gross overdosing with
similarly harmless results. On the other hand, no severe toxic
effiects of any kind have been reported.

SAFE and effective

SEDATIVE AND HYPNOTIC

DOSAGE

oo

Immunomodulatory
Effect
Aberration of
Limb Formation Sedative and

Hypnotic Effect

lkaros
Aiolos
Inhibition of SALL4
Angiogenesis p63

. |

Unknown Effect

4

~ Substrate :Specjﬁcity
c Multiple
neosubstrates

CRBN

DDB1
Single target

Thalidomide

Ito, et.al. Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 2020.



TPD: Hijacking the Ubiquitin-Proteasome system to degrade harmful

proteins

S

Natural Substrate % TR — L B > .
S
/’,
- 8 Lub

Proteasome

________________ > E3 S g
E3
IMiD
POI

POI

Protein Of Interest

Adapted from Martinez-Cartrd, M. Thesis Disertation 2021.



Computer-Aided Drug Design (CADD) can be instrumental to the

future of TPD

15

Therapeutical advantages of protein Great expectations about the number

degradation over protein modulation. and type of targets that can be engaged.
Opportunity to repurpose compound Early development stage grants great
libraries with limited affinity or with scope for securing novel intellectual

sub-optimal phenotypic effects. property.
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Trust the Force...

Protein
\ " 1| Degradation



The need for rational approaches to TPD has been

highlighted for years

IN THE PIPELINE

Derek Lowe’s commentary on drug discovery and the pharma industry. An editorially independent

blog, all content is Derek’s own, and he does not in any way speak for his employer.

IN THE PIPELINE = CHEMICAL BIOLOGY

Linked-Up Molecules Through the Years

14 NOV 2019 + BY DEREK LOWE + 5 MIN READ « COMMENTS

“TPD remains a rather. . .empirical. . .field for now, which in practice means that you’d better
try this and try that and try that other thing over there, what the heck. It would make
everyone feel better if that weren’t the case, and everyone would be far more efficient steely-
eyed protein degradation masters sitting in mission control and pointing out targets, but that is
a vision for the future.”




Computer-Aided Drug Design (CADD) can be instrumental to the

future of TPD

7
&

|dentification of new TPD efectors and Understanding the physichochemical
new degradable targets. phenomena underlying TPD.

A s &

Generation of predictive and reliable Development of integrated
models of degradation. computational-experimental workflows.



Lenalidomide does not generate a new interaction interface between

Cereblon and CK1a

-CK1a: 0.3 um

® -~ WT

& [35G
-+ |37E
-+ N39G
- G40N
-~ WT_NOL

Ratio 520/490 nm

CK1lo: 30 uM

0.5 1.0 1.5
[NnsCRBN] (uM)
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s ) ,
Lenalidomide @ c +<@ A;,;
If no cooperativity: If cooperativity:
AG1 = AG4 AG1 # AG4
AG2 = AG3 AG2 £ AG3

Petzold, et. al. Nature. 2016.



Steered Molecular Dynamics provides a fast way to explore the

strenght of polar interactions

CKla CRBN
Sk = WQS - AGA—>B
g \*\r 7 \‘\f\i‘\\
&, A NS ___ .
4 :}\, a ‘ > “\ | AV \ Wl i WQS
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Xiong et. al. Theo. Chem. Acc. 2006



The presence of Lenalidomide strengthens three key H-bonds at the

Cereblon-CK1ao interface

CRBNTrp400_ CK1aAsn39 CRBNH/S357_ CK1aThr38 CRBNAsn351_ CK1aI/e37

PMF,, ...(kcal/mol)

25 30 35 40 45 50 25 30 35 40 45 50 25 30 35 40 45 50
H bond distance(A)

Mifarro-Lleonar, et. al. J. Med. Chem. 2023.



LLenalidomide reduces the value of radial distribution function of

water molecules around the H-bonds
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Mifarro-Lleonar, et. al. J. Med. Chem. 2023.



Point mutations in CK1a partially or completely reverse the effect of
lenalidomide...

10.0-
7.51
5.0
25] \
0.0
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10.0 1

7.51
< 5.01 1
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525{ \
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H357-T38
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2.5 3.0 315 4.0 4.5 5.0 2.5 3.0 1) 4.0 4.5 5.02.5 3.0 310 4.0 4.5 5.0 25 3.0 310 4.0 4.5 5.0
Mifarro-Lleonar, et. al. J. Med. Chem. 2023. H bond distance(A)



...but RDF pattern does not predict the strenght of the H-bond

0.4

0.3

0.2 1
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Mifarro-Lleonar, et. al. J. Med. Chem. 2023.



Lenalidomide stabilizes protein-
protein complexes by turning labile
intermolecular H-bonds into robust

Interactions.

Marina Minarro-Lleonar, Andrea Bertran-Mostazo, Jorge Duro,
Xavier Barril, Jordi Juarez-Jiméne:z
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Exposed H-bond

PMF g ea(kcal/mol)
(o))

25 30 35 40 45
Mifarro-Lleonar, et. al. J. Med. Chem. 2023.

5.0

CK1a-CRBN + Lenalidomide

Shielded H-bond

25

30 35 40 45
H bond distance(A)
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Our lenalidomide-dependent stabilization mechanism hypothesis

IN THE PIPELINE

Derek Lowe’s commentary on drug discovery and the pharma industry. An editorially independent
blog, all content is Derek’s own, and he does not in any way speak for his employer.

IN THE PIPELINE BIOLOGICAL NEWS

How Glues Do the Gluing

1 MAY 2023 « BY DEREK LOWE + 3 MIN READ + COMMENTS

Mifarro-Lleonar, et. al. J. Med. Chem. 2023.



Final Remarks

Understanding biological mechanisms (including drug binding) often b +
requires understanding of the underlying energetic landscape.

G

Energetic surfaces are defined by minima and maxima that relate to
thermodynamic and kinetic properties, respectively.

Methods based in classical dynamics are powerful tools to explore the
energetic surfaces of protein-ligand binding




Final Remarks

5 @ - JRf ;‘; The affinity of Lenalidomide mediated CRBN-CK1a complexes relies on the
SANTEN 34 S h% strength of three key H-bond interactions.

PMF 4 H-bond (kcal/mol)
DDB1

10 12 14 16 18 20 22 24 26 28 30

wCK1a (No LEN)

The strength of key H-bonds in protein-protein interactions can help | '.°"‘

s
ili E " 137E, a
to rank the stability of ternary complexes. < .o e
< N39GCK1a A
(<Dl R2=0,93 1B56CK1 .

@
“iICK1a

-10

CRBN-CK1la provides proof of concept of the importance of

accounting for non-additive effects in the future development of
molecular glues.
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