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industry, and roughly 75% of all participants were SCSmembers.
Approximately 35% of attendees were female. In order of the
conference program, invited speakers were:
• Prof. Birgit Strodel (Forshungzentrum Jülich, DE)
• Prof. Ben Schuler (University of Zurich, CH)
• Prof. Hilal Lashuel (EPFL, CH)
• Prof. Sarah Slavoff (Yale University, US)
• Prof. Daniel Nomura (UC Berkeley, US)
• Dr. Virginia Burger (New Equilibrium Biosciences,

Cambridge, US).

Conference Proceedings
Prof. Dr. Jean-Louis Reymond opened the symposium by in-

troducing the DMCCB, Swiss Chemical Society, CHIMIA, and
provided a brief overview of IDPs, their importance, and current
challenges in understanding and characterizing IDPs.

The first invited speaker, Prof. Birgit
Strodel (Jülich), gave her presentation
entitled ‘Molecular simulations of IDPs:
from exploring their structures to under-
standing their aggregation leading to dis-
eases’. With a focus on amyloid-β pep-
tide (Aβ), an aggregate-forming peptide
implicated in Alzheimer’s disease, Prof.
Strodel described the use of energy land-

scapes and molecular dynamic simulations to study Aβ and its
aggregation.[11] Through this, Aβ was found to exhibit differ-
ential folding at hydrophobic or hydrophilic surfaces, with ho-
modimerization of Aβ occurring in both instances.[12]
Understanding the folding and aggregation of Aβ is key to the
development of Aβ-targeted drugs for Alzheimer’s disease.

Prof. Ben Schuler (UZH) then presented
work from his research group entitled
‘Probing the dynamics and interaction
mechanisms of intrinsically disordered
proteins from single-molecule spec-
troscopy’. Prof. Schuler described the
use of single-molecule FRET (Förster
Resonance Energy Transfer) to measure
inter- and intra-molecular dynamics of

the IDP prothymosin-α (ProTα) and study its interactions
with histone H1.[13] In contrast to the common assumption that
IDPs typically exhibit low binding affinity with their interac-
tor proteins, ProTα and H1 were found to form a highly dis-
ordered complex with picomolar affinity through polyelectro-
lyte interactions.[13,14] The formation of such disordered com-
plexes can have important functional consequences: H1 binds
to nucleosomes with femtomolar affinity, but ProTα can
invade the H1-nucleosome complex and accelerate H1 disso-
ciation.[15]

After a lunch break, the conference continued with nine short
presentations from students and academics, namely:
• Aline Carrel (University of Bern, CH)
• Dr. Basilius Sauter (University of Basel, CH)
• Xingguang (Geo) Cai (University of Bern, CH)
• Dr. Chiara Borsari (University of Basel, CH)
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Introduction and Overview
On the 31st of January 2022, the Swiss Chemical Society

(SCS) Division of Medicinal Chemistry and Chemical Biology
(DMCCB) organized the DMCCB Basel Symposium 2022,
‘Intrinsically Disordered Proteins as DrugTargets’. The DMCCB
Symposia are hosted annually, with each year’s topic voted by the
members of the DMCCB.

Intrinsically Disordered Proteins (IDPs) are highly flexible
molecules that often serve as messengers of signals for regulation
of cell function and growth.[1] These proteins typically contain
more polar and charged amino acids than folded proteins, leading
to a more solvated and flexible (‘disordered’) structure (Fig. 1).[1]
Because of this, IDPs are able to adopt dynamic 3-dimensional
structures based on their environment, protein-protein interac-
tions (PPIs), and posttranslational modifications (PTMs), en-
abling exquisite control of IDP function and stability.[1–5]Changes
to the delicate balance of IDPs can result in dysregulated cell
growth, the formation of protein aggregates, or the disruption of
other crucial biological functions leading to disease develop-
ment.[1,2] Therefore, IDPs are highly valuable drug targets for the
treatment of illnesses such as cancer and neurodegenerative dis-
eases.[6–9] However, IDPs are notoriously difficult to target due to
their lack of defined binding pockets and structural motifs.[6,7]
The DMCCB Basel symposium 2022 addressed these challenges
and reinforced the connections between chemical biology, com-
putational chemistry, and drug discovery in the context of IDPs
as drug targets.

The symposium was successfully held online through Zoom,
featuring speakers and attendees from across Switzerland, wider
Europe, the United States, and India. It was aimed at students in
chemistry, pharmacy, biology, and at the medicinal chemistry and
chemical biology community at large by including presentations
from scientists based in pharmaceutical and biotech industries,
as well as academia. Overall, there were 110 registered partici-
pants, with an even distribution of attendees from academia and

Fig. 1. Graphical representation of an Intrinsically Disordered Protein
(IDP) compared to a typical folded protein. Here, LmrR is used as
an example of a folded protein (PDB: 3F8B).[10] Figure created with
BioRender.com.
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• Prof. Jonathan Hall (ETH Zurich, CH)
• Prof. Michael Assfalg (University of Verona, Italy)
• Dilmehak Kaur (Indian Institute of Technology, India)
• Jinming Wu (Paul Scherrer Institute, CH)
• Dr. Ivan Urosev (University of Basel/ETH Zurich, CH).

In theafternoonsession,Prof.HilalLashuel
(EPFL) presented ‘Posttranslationalmodifi-
cations (PTMs) in Parkinson’s disease and
synucleinopathies: from mechanisms to
novel targets and therapeutic opportunities’.
Prof. Lashuel stated that “targeting PTMs
represents a viable strategy to treat neurode-
generative diseases” and described the oc-
currence of specific disease-related PTM-

patterns on α-synuclein that could serve as a potential diagnostic
tool. In particular, the PTMs of phosphorylation and glycosylation
were studied. Each individual PTM – and combinations thereof –
was found to influence aggregation, stability, and/or degradation of
α-synuclein.[16,17] Through characterization of PTMs and PTM
crosstalk, these phenomena could be used to diagnose or treat ill-
nesses such as Parkinson’s disease.[18]

Prof. Sarah Slavoff (Yale, US) presented
her talk ‘Darkmatter of the human genome’
describing work into the discovery of new
small-open reading frames (smORFs) and
identification of the peptides/microproteins
encoded therein.[19] A large majority of
smORFs andmicroproteins are predicted to
be intrinsically disordered, and some are
known to be important cellular components

for biological function. Prof. Slavoff discussed the significance of
PTMs for controlling the stability and function of the intrinsically
disordered microprotein, NBDY, which is involved in RNA decay
and liquid-liquid phase separation.[20] Phosphorylation of NBDY
was found to be a key determinant of phase separation of RNA
liquid droplets, thereby influencing RNA decay and cell prolif-
eration.[20,21]

The final session of the symposium began
with Prof. Daniel Nomura (UC Berkely,
US), who gave his talk ‘Reimagining
Druggability using Chemoproteomic
Approaches’, which addressed the chal-
lenges in targeting IDPs due to their lack of
defined structural motifs and binding
pockets.[22] Prof. Nomura described the de-
velopment of covalent inhibitors targeting

an intrinsically reactive cysteine in the oncogenic IDP, c-Myc,
presenting a highly promising approach to “drug the undrugga-
ble”.[23] Following this, Prof. Nomura presented the development
of covalent ligands for PROTAC (proteolysis-targeting chimera)
for protein degradation, as well as DUBTACs (deubiquitinase-
targeting chimeras)[24] for protein stabilization, using chemopro-
teomics for screening of covalent ligands to target specific pro-
teins for PROTAC or DUBTAC action.[25]

Dr. Virginia Burger and Dr. Kara
Herlihy then gave a short presentation
about New Equilibrium Biosciences,
a start-up company utilizing machine
learning to uncover hidden druggable
sites and conformations of IDPs.[26]
Their software models the molecular

dynamics of IDPs and integrates experimental data to identify
potential binding pockets/modes in IDP drug targets. After their

presentation, Dr. Burger and Dr. Herlihy then engaged the au-
dience in a follow up discussion about experimental methods
for measuring IDP kinetics, and what the next “undruggable”
targets might be, after IDPs.

To conclude the symposium, the winners of the Best Oral
Communication awards from the short oral presentation session
were announced. First place was awarded to Dr. Ivan Urosev
(UniBas/ETHZ) for his presentation ‘Phase separation of in-
trinsically disordered protein polymers mechanically stiffens
fibrin clots’. Runner-up was awarded to Jinming Wu
(Paul Scherrer Institute) for her presentation ‘Cryo-electron mi-
croscopy imagining of Alzheimer’s amyloid-β 42 oligomers
displayed on a functionally and structurally relevant scaffold’.
The prizes for these awards were kindly donated by Helvetica
Chimica Acta. Congratulations to Ivan and Jinming for
their excellent presentations, and to all participants of the
short communications session for the exceptional quality
overall.

Summary and Outlook
The DMCCB Basel Symposium 2022, ‘Intrinsically

Disordered Proteins as Drug Targets’, provided a great oppor-
tunity for scientists across a range of fields to discuss the recent
advancements and remaining challenges towards understanding
IDPs. Each presentation was met with engaging questions from
the audience, leading to further in-depth discussions.

A recurring sub-theme of this symposium was the role of
PTMs in the structure, function, and stability of IDPs. The im-
portance of PTMs and PTM-crosstalk were highlighted in ex-
amples of PTM-mediated regulation of IDPs in healthy cells
(PTMs of NBDY, presented by Prof. Dr. Sarah Slavoff), and
in examples of disease-related PTMs involved in dysregulation
and aggregation of IDPs (PTMs of α-synuclein, presented by
Prof. Hilal Lashuel). Future research into identifying key PTMs,
incorporating these PTMs into computational models of IDPs,
and targeting disease-related PTMs are expected to greatly ad-
vance our understanding of IDPs and expedite IDP-targeted drug
development.

Key challenges addressed during the symposium centered
around the difficulties in obtaining IDPs for biochemical studies,
computational modelling of IDPs, and observing IDPs in vivo.
As IDPs behave very differently to folded proteins, standard bio-
chemical (e.g. recombinant expression) and molecular dynamics
simulations developed for folded proteins are often not transfer-
able to IDPs. Furthermore, as IDPs are heavily influenced by
their surrounding environments, obtaining in vivo data of IDP
dynamics is crucial to truly understand the functions and interac-
tions of IDPs in living systems and to guide drug development.
Interdisciplinary approaches to develop new in vivo, in vitro, and
in silico methods specific to IDPs will accelerate the design and
discovery of IDP-targeting drugs.
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Dr. Ivan Urosev (left), winner of the Presentation Award, and runner-up
Jinming Wu (right).



ConferenCe report CHIMIA 2022, 76, No. 5 495

[1] J. Chen, R. W. Kriwacki, J. Mol. Biol. 2018, 430, 2275,
https://doi.org/10.1016/j.jmb.2018.06.012.

[2] M. M. Babu, R. van der Lee, N. S. de Groot, J. Gsponer, Curr. Opin. Struct.
Biol. 2011, 21, 432, https://doi.org/10.1016/j.sbi.2011.03.011.

[3] G.-N. Gomes, C. C. Gradinaru, Biochim. Biophys. Acta BBA - Proteins
Proteomics2017,1865, 1696, https://doi.org/10.1016/j.bbapap.2017.06.008

[4] A. Bah, R. M. Vernon, Z. Siddiqui, M. Krzeminski, R. Muhandiram, C.
Zhao, N. Sonenberg, L. E. Kay, J. D. Forman-Kay, Nature 2015, 519, 106,
https://doi.org/10.1038/nature13999.

[5] J. Santos,V. Iglesias, J. Santos-Suárez,M.Mangiagalli, S.Brocca, I. Pallarès,
S. Ventura, Cells 2020, 9, 145, https://doi.org/10.3390/cells9010145.

[6] S. Ambadipudi, M. Zweckstetter, Expert Opin. Drug Discov. 2016, 11, 65,
https://doi.org/10.1517/17460441.2016.1107041.

[7] M. J. Duffy, J. Crown, Int. J. Cancer 2021, 148, 8,
https://doi.org/10.1002/ijc.33197.

[8] G. Hu, Z. Wu, K. Wang, V. N. Uversky, L. Kurgan, Curr. Drug Targets
2016, 17, 1198, https://doi.org/10.2174/1389450116666150722141119.

[9] D. McConnell, ‘Drugging Cancer’s Big Four’, can be found under
https://www.boehringer-ingelheim.com/oncology/drugging-cancers-big-
four, 2015.

[10] P. K. Madoori, H. Agustiandari, A. J. Driessen, A.-M. W. Thunnissen,
EMBO J. 2009, 28, 156, https://doi.org/10.1038/emboj.2008.263

[11] B. Strodel, J. Mol. Biol. 2021, 433, 167182,
https://doi.org/10.1016/j.jmb.2021.167182.

[12] H. Fatafta, B. Kav, B. F. Bundschuh, J. Loschwitz, B. Strodel, Biophys.
Chem. 2022, 280, 106700, https://doi.org/10.1016/j.bpc.2021.106700

[13] A. Borgia, M. B. Borgia, K. Bugge, V. M. Kissling, P. O. Heidarsson,
C. B. Fernandes, A. Sottini, A. Soranno, K. J. Buholzer, D. Nettels,
B. B. Kragelund, R. B. Best, B. Schuler, Nature 2018, 555, 61,
https://doi.org/10.1038/nature25762.

[14] B. Schuler, A. Borgia, M. B. Borgia, P. O. Heidarsson, E. D.
Holmstrom, D. Nettels, A. Sottini, Curr. Opin. Struct. Biol. 2020, 60, 66,
https://doi.org/10.1016/j.sbi.2019.12.006.

[15] P. O. Heidarsson, D. Mercadante, A. Sottini, D. Nettels, M. B. Borgia, A.
Borgia, S. Kilic, B. Fierz, R. B. Best, B. Schuler, Nat. Chem. 2022, 14, 224,
https://doi.org/10.1038/s41557-021-00839-3.

[16] P. M. Levine,A. Galesic,A. T. Balana,A.-L. Mahul-Mellier, M. X. Navarro,
C. A. D. Leon, H. A. Lashuel, M. R. Pratt, Proc. Natl. Acad. Sci. USA 2019,
116, 1511, https://doi.org/10.1073/pnas.1808845116.

[17] C. Cariulo, P. Martufi, M. Verani, L. Azzollini, G. Bruni, A. Weiss, S. M.
Deguire, H. A. Lashuel, E. Scaricamazza, G. M. Sancesario, T. Schirinzi,
N. B. Mercuri, G. Sancesario, A. Caricasole, L. Petricca, Front. Neurosci.
2019, 13, https://doi.org/10.3389/fnins.2019.00889.

[18] H. A. Lashuel, Curr. Opin. Chem. Biol. 2021, 64, 67,
https://doi.org/10.1016/j.cbpa.2021.05.006.

[19] A. Khitun, T. J. Ness, S. A. Slavoff, Mol. Omics 2019, 15, 108,
https://doi.org/10.1039/C8MO00283E.

[20] Z. Na,Y. Luo, D. S. Cui,A. Khitun, S. Smelyansky, J. P. Loria, S.A. Slavoff,
J. Am. Chem. Soc. 2021, 143, 12675, https://doi.org/10.1021/jacs.1c05386

[21] Z. Na, Y. Luo, J. A. Schofield, S. Smelyansky, A. Khitun, S. Muthukumar,
E. Valkov, M. D. Simon, S. A. Slavoff, Biochemistry 2020, 59, 4131,
https://doi.org/10.1021/acs.biochem.0c00672

[22] J. N. Spradlin, E. Zhang, D. K. Nomura, Acc. Chem. Res. 2021, 54, 1801,
https://doi.org/10.1021/acs.accounts.1c00065.

[23] L. Boike,A. G. Cioffi, F. C. Majewski, J. Co, N. J. Henning, M. D. Jones, G.
Liu, J. M. McKenna, J. A. Tallarico, M. Schirle, D. K. Nomura, Cell Chem.
Biol. 2021, 28, 4, https://doi.org/10.1016/j.chembiol.2020.09.001.

[24] N. J. Henning, L. Boike, J. N. Spradlin, C. C. Ward, G. Liu, E. Zhang,
B. P. Belcher, S. M. Brittain, M. J. Hesse, D. Dovala, L. M. McGregor,
R. Valdez Misiolek, L. W. Plasschaert, D. J. Rowlands, F. Wang, A. O.
Frank, D. Fuller, A. R. Estes, K. L. Randal, A. Panidapu, J. M. McKenna,
J. A. Tallarico, M. Schirle, D. K. Nomura, Nat. Chem. Biol. 2022, 18, 412,
https://doi.org/10.1038/s41589-022-00971-2.

[25] B. P. Belcher, C. C. Ward, D. K. Nomura, Biochemistry 2021,
https://doi.org/10.1021/acs.biochem.1c00464.

[26] V. M. Burger, T. Gurry, C. M. Stultz, Polymers 2014, 6, 2684,
https://doi.org/10.3390/polym6102684.


