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Vision and Rules
• Vision for the course:

• Expose you to the cutting edge of Trends in Chemical Biology
• Presented by experts in the field
• Get an overview of the field/techniques in the lectures 
• Then take a deep-Dive into a paper (the week after)

• Ask questions (please !)
• Take notes & read some of the papers covered
• Attend lectures (please !)
• Attend exercises (please, please !)

2
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Overview general 

3

§ Lecture material (slides, paper references) on Moodle
§ Organization of exercises: 2 TAs (David & Alessandro)
§ Exam: 2 pager & 10 min presentations + questions
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Trends in Chemical Biology – Plan of a typical week

4

WednesdayThursday

Lecture (2h)
Experts in the Field

Wednesday

• 30 min recap of lecture (Q&A)
• 1 paper: presented by 2 of you
• Everybody is expected to be 

ready to answer questions
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Syllabus

5

Speakers Lectures titles

February 2025 Thu 20 Nicolas Thomä Molecular Glues
Thu 27 Nicolas Thomä Proximity Inducers

March 2025

Thu 6 Markus Enzelberger Biologics
Thu 13 Roger Clerc Incretins- end of diabesity?
Thu 20 Alessio Ciulli PROTACs
Thu 27 Sebastian Essig Covalent Chemistry

April 2025
Thu 3 Bruno Correia Chemical Probes
Thu 10 Giorgio Ottaviani Pharmacology of Drugs
Thu 17 Zuzanna Kozicka Functional Genomics Screens

May 2025

Thu 1 Luca Naef Computational approaches for Small Molecules
Thu 8 Gerardo Turcatti High Throughput Screening
Thu 15 Colby Sandate Structural Biology and Drug Discovery
Thu 22 Bruno Correia Protein Design 
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Structure-Based Protein Design 

6

Protein Universe 

T-cell 
engineering

Genome 
editing

Vaccine 
design

Protein surface
fingerprints

Natural 
Proteins

Can we expand the space of 
functional proteins

 through computational design? 

Bruno Correia
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3/6/25
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Alessio Ciulli
& Charlotte Crowe

3/6/25
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Sebastian Essig

3/6/25
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Giorgio Ottaviani

3/6/25
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Zuzanna Kozicka
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Traditional model

Teacher Students
One-way

communication

Teacher Students
Multi-way

communication

Our model

- Participation in the classroom 
- Questions
- In person discussions
- Opportunities to meet the speaker
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The challenges
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What is “hard” to drug:
Transcription factors (unstructured)
Membrane proteins (agonists/antagonists)
Structural proteins without active site
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MOLECULAR GLUES

IF IT IS BROKE - GLUE IT
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Transcription Factor
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Interaction with Partner ProteinTranscription Factor
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THE DOGMA

Emil Fischer

“Only with a similar geometrical structure can molecules approach 
each other closely, and thus initiate a chemical reaction. To use a 
picture, I should say that the enzyme and substrate must fit each 

other like a lock and key.”

http://www.elmhurst.edu/~chm/vchembook/571lockkey.html
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22Drugging the Active site

Link

https://www.khanacademy.org/science/biology/energy-and-enzymes/enzyme-regulation/a/enzyme-regulation
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23Active Sites are “Easy” to Drug
but here is the Problem

Levy, J Mol Biol 2010

Protein-Protein interfaces are large 
(> 200-300 Å2)

Compounds can only cover 
a fraction of this.
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24Very few success cases
here is one: p53/MDM2

COMPOUND occupies the 
binding site for p53
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25Very few success cases
… And one more: YAP/TEAD/IAG933

Chapeau et al., Nat Cancer 2024

The drug mimics interactions of TAZ/YAP and blocks the binding site

… simple, peptidic, binding sites can (sometimes) be blocked by compounds, but …
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26Protein-Protein interfaces 
are large and involving more than a Peptide

The reductionist trap of 
1990’ X-ray crystallography:

Now with cryo-EM:
the binding sites of the full 
length proteins are much, much 
bigger than a peptide!

Shown here – 
human Mediator

Chen, Yin, Li, Wu, Qi, Wang, Liu et al., 
Science 2021
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27Why is it hard to drug PPIs?

PROTEINS ARE 
PLASTIC

AND ACCOMMODATE THE 
INHIBITOR

THE INHIBITOR CAN 
NOT COMPETE WITH 

THE PROTEIN FOR 
BINDING

Levy, J Mol Biol 2010
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28Why is it hard to drug PPIs?
• Large Interface for protein-protein interactions
• Tiny compound cannot counteract the proteins
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https://link.springer.com/article/10.1007/s00294-020-01142-3/figures/3
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30THE MOTHER OF ALL GLUES 
 FROM MOTHER-NATURE (NATURAL PRODUCT)

different chemical matter

different protein (same family Pro-isomerase)
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? • Different chemical matter
• One shared protein

• Different effectors
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HOW 
CAN 

THIS BE 
… ?
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33AUXIN: A MOLECULAR GLUE DEGRADER
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34AUXIN: A MOLECULAR GLUE DEGRADER
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35MOLECULAR GLUE DEGRADERS

Calderon-Villalobos, 2010
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36MOLECULAR GLUE DEGRADERS

Calderon-Villalobos, 2010
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37MOLECULAR GLUE DEGRADERS

Calderon-Villalobos, 2010
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Stringolactone
Gibberellic Acid
Salicylic Acid
Auxin
Jasmonate
Ethylene
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39Gibberelin

https://www.tandfonline.com/doi/full/10.1080/09168451.2018.1462693#d1e420
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40Jasmonate
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41Stringolactone

Lots of small molecules,
That degrade proteins in plants!
The proteins degraded are largely 
Transcription factors ?!

What about 
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42Stringolactone

Lots of small molecules
that degrade proteins in plants!
The proteins degraded are largely 
Transcription factors ?!

What about 
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46A MOLECULAR GLUE DEGRADER DRUG 
[THAT WAS ALREADY FDA APPROVED]
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47IMiD DRUGs
IN MULTIPLE MYELOMA

DEGRADING THE IKAROS (TF) ZINC-FINGER
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49IMiD 
DRUGs
IN 5Q-MDS
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50THE G-LOOP
CK1α

Ikaros ZF2
Q146

E377

Pomalidomideβ-hairpin

KINASE ZINC-FINGER

Ikaros
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51OVER 10% OF HUMAN PROTEINS HAVE A G-LOOP 
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HOW TO FIND PROTEINS DEGRADED 
BY IMiDs
FUNCTIONAL GENOMICS MAGIC!
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Western blot

HOW TO FIND PROTEINS DEGRADED 
BY IMiDs
FUNCTIONAL GENOMICS MAGIC!
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COMPOUND MODIFICATIONS TUNE 
ZF SPECIFICITY
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Why was it so hard to find the 
Thalidomide Target?

• There are so many 
• They are transcription factors … so they have secondary effects
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MORE CRBN TARGETS TO COME ! 
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?
THALIDOMIDE: 
POSSIBLY NOT A UNICORN?!
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(ANOTHER           !!! )

INDISULAM
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TWO MOLECULAR GLUE DEGRADERS
[same principle]
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Cytotoxicity of a kinase inhibitor CR8 
correlates with expression levels of DDB1 

CR8

D
D

B1
 m

R
N

A 
le

ve
ls

Sensitivity to CR8

BIOINFORMATIC SCREEN TO 
IDENTIFY NOVEL DEGRADERS
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64CR8 PROMOTES PROTEASOMAL 
DEGRADATION OF CYCLIN K

Roscovitine CR8

Cyclin K
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65CYCLIN K DEGRADATION: 
WHO IS REQUIRED?

Cyclin K
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66CYCLIN K DEGRADATION 
REQUIRES CDK12 + CUL4, DDB1
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67CYCLIN K DEGRADATION REQUIRES 
NO SUBSTRATE RECEPTOR !?
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68THE KINASE IS THE 
RECEPTOR!!!!?
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71MANY WAYS TO GLUE

CDK12

DDB1TR-FRET

50EC [nM] 16 ± 1

R947

M816

R928

D819

Hinge
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N907
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17 ± 1

R928
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OH
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OH
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72MANY MORE WAYS TO GLUE
WITH MUCH DIFFERENT CHEMISTRY

and many more with the same fingerprint:

hinge 
interacting 

motif
gluing 
moiety

polar gluing 
moiety

much smaller 
compound

TR-FRET 
EC50 [nM]

38 ± 212 ± 1

E814

R947

D819
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Hinge
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O
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HQ461: Lv et al., eLife (2020); NCT02: Dieter et al., Cell Reports (2021); dCeMM3: 
Mayor-Ruiz et al., Nature Chem Biol (2020); Z7 and Z12: Winter lab (unpublished)

CDK12

DDB1
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Ito et al. (2010), Lu et al. (2014), 
Kronke et al. (2014), Gandhi et al. (2014), 
Petzold et al. (2016), Sievers et al. (2018) 

Slabicki, Kozicka, Petzold 
et al., 2020

GLUE DEGRADERS (2020 EDITION!) 

Owa et al. (1999), Han et al. (2017), 
Uehara et al. (2017), Du et al. (2019), 
Bussiere et al. (2019), Faust et al. (2020)
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Słabicki, Yoon, Koeppel et al. (2020)

POLYMERISATION GLUES
BCL6
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Słabicki, Yoon, Koeppel et al. (2020)

POLYMERISATION GLUES
BCL6
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MANY MORE
UNICORNS
BUT HOW 

TO 
FIND 

THEM?
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SCREEN FOR 
CULLIN-BASED MOLECULAR GLUES
BY NEDDYLATION INHIBITION

Major-Ruiz et al. (2020)
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DEL SCREEN FOR GLUES

Mason et al. (2023)
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PROTACs:
THE TWO EXTREMES OF THE TARGETED 
PROTEIN DEGRADATION CONTINUUM

Rational design
Dependent on ligand availability

High(er) MW

Serendipitous discovery
Less reliant on ligands/pockets

Small(er) and intrinsically more drug-like
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PROTEIN-
PROTEIN

INTERACTION
IN 

PROTACS

Ramachandran et al. (2020)
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HOW 
CAN 

THIS BE 
… ?
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A single glutamate → valine 
change causes haemoglobin to 

form insoluble fibers

Adapted from Clark et al. (2012)
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KBTBD4:
GAIN-OF-FUNCTION BY CANCER MUTATIONS

CANCER MUTATIONS
 TRIGGER COREST DEGRADATION

THE INSERTION MUTATION ON THE RECEPTOR
IS SUFFICIENT TO BIND COREST SO TIGHT

THAT IT IS DEGRADED
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Xie, Zhang, Yeo, Lee et al., bioRxiv 2024

KBTBD4:
GAIN-OF-FUNCTION BY CANCER MUTATIONS

CANCER MUTATIONS
 TRIGGER COREST DEGRADATION
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UM171 MOLECULAR 
GLUE DEGRADER 

FOR CORES T

KBTBD4:
GAIN-OF-FUNCTION BY CANCER MUTATIONS

Xie, Zhang, Yeo, Lee et al., bioRxiv 2024
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Bonus Round …. Endogenous “Glues”
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PML-RARA ERaIKZF1 and IKZF3

All-(trans)-retinoic acid (ATRA) &
ATO: Acute Promyelocytic Leukemia (APML)

Lenalidomide: Multiple Myeloma Fulvestrant: Breast Cancer

CRBN
IKZF1

Drugging Transcription Factors: the success stories … 
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Nuclear Hormone Receptors (NR)

• Transcription factors that directly bind DNA
• Humans have ~48 genes that encode NRs

Adapted from Glass et al., (2013) Nat Rev Immunol

Retinoic acid Receptor
Estrogen Receptor
Androgen Receptor
Progesterone Receptor

Glucoccorticoid Receptor
Thyroid hormone 

Receptor
Vitamin D Receptor
Liver X Receptor

Fig. 1.
Nuclear receptor transcriptional activation. Nuclear receptors are a family of ligand-
activated transcription factors. (A) Members of the nuclear receptor superfamily have a
common domain structure consisting of an amino-terminal activation domain (AF-1), a
DNA-binding domain, and a carboxy-terminal ligand-binding domain (LBD). The LBD
determines ligand-regulated interactions with co-activators and co-repressors through
allosteric changes in a short helical region known as AF-2. (B) In a canonical signal-
transduction cascade, receptor binding at the plasma membrane initiates enzymatic
phosphorylation cascades culminating with transcription factor translocation into the
nucleus. (C) Type I steroid nuclear receptors are synthesized in inactive forms associated
with heat-shock protein (HSP) complexes in the cytoplasm. Direct hormone binding causes
a conformational change, dissociation from HSP complexes and translocation into the
nucleus. (D) Type II heterodimeric nuclear receptors bind constitutively to DNA with RXRs
as obligate partners. Ligand binding causes a conformational change, dissociation of co-
repressor complexes and recruitment of co-activators, such as PGC1α.

Avior et al. Page 21

Food Funct. Author manuscript; available in PMC 2013 September 24.
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Nucleosome

PIC

Transcription 
activators

Enhancer region

TSS

Pol II

Core promoter

b   Recruitment of co-activators

c   PIC formation

a   Transcription factor binding
Acting on chromatin
structure

Chromatin
remodellers
or modifiers

Mediator

Facilitating
PIC assembly

Nuclear hormone receptors: 
Deposition, Transcription, Degradation

Soutourina (2018) Nature Review Mol Cell Biol 



19
.0

2.
20

24
Agonist ligands induce Nuclear Hormone Receptor degradation

Zhu et al., (1999) PNAS

DMSO MG132 MLN7243 MLN4924
0.0

0.5

1.0

1.5

2.0

R
AR

A 
D

eg
ra

da
tio

n 
(G

FP
/m

C
he

rry
) DMSO

ATRA

*

NS

***
****

E1 
inhibitor

Neddylation
inhibitor

DMSO Proteasome 
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CRISPR-screen to identify E3-ligase 
responsible for RARA degradation

Adapted from Schukur et al., (2020) Sci Rep
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Structure of human UBR5
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UBR5 governs degradation of multiple NRs 

in response to agonists
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Co-repressors/co-activators and UBR5 bind NRs

in a mutually exclusive manner
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The UBR5 negative feedback loop switches OFF NR signaling 


