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Feedback and questions about lecture 4
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Ratings (n = 29, ¢ mean = SD) Top 3 aspects to improve
Overall | " - Real-world practice | 4
5.69 + 0.60 —o% topics
Following lecturer Less time on | 3
583 + 0.38 FQ" feedback
" Group-work format
Interaction | % I—"-I e, 5% | 3
286 0.35 - ' ' T '
' ' ' ' 1 - 0 2 4 6 8
1 ? 3 4 o 6 Respondents mentioning (n = 29)
Score (1-6, 6 = best)
1. “What is the risk that highly promising research is
Top 3 positive aspects stalled or lost because a researcher was denied
funding?”
Role-play / group 7 2. Academia vs. industry: “Do large pharmaceutical
work aids learning companies actively look for early-stage research in

under-funded labs, and if so, how do they find it?” “If a
major pharma company encountered a promising
substance with adverse side effects, as mRNA initially
had, would they invest decades of research into solving
it?”
- T 1 3. “What are the biggest obstacles today to using mRNA in
4 6 8 other therapies?”

Encourages critical,
independent thinking

Approachable lecturer,
acts on feedback




AMIDD 2026 Lecture 5: Biological foundations of key
questions in drug discovery

W Mo L () 2an

Target & PK/PD Benefit/risk Patient
modality stratification

Medical Need

Dr. Jitao David Zhang

' Computational Sciences Center of Excellence (CS CoE), Roche Innovation Center Basel, F. Hoffmann-La Roche;
2 Department of Mathematics and Computer Sciences, University of Basel
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The social context of drug discovery: a role-playing game

We consider a case study of developing new drugs to treat
complications caused by type 2 diabetes, affecting ~10% of
adults (20—-79 y) worldwide (Switzerland: 4-6%, of whom Map 3.2 Estimated age-standardised country prevalence of diabetes in adults (20-79 years), 2024.
~28% are not diagnosed), with the possibility to expand it to
the obesity and other indications. We divide the classroom int

the following personas: - ’

1. Basic researchers (biology, medicine, Al, etc.): doing
whatever research you want to do and getting funded

2. Research funding agency: giving fundings to any
research problem, T2D is only one of them.

3. Patients: suffering, unfortunately, from T2D and its
complications W

W 4-<5%

4. Medical doctors: T2D experts who see patients regularly = s

5. Drug discovery company: determined to enter the T2D W o-<12%
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market = ilz)zzﬁ;timates
6. Insurance company: payer, negotiating the price _ _ _ _
7. The regulatory agency: drug approval IDF Diabetes Atlas 2025 (11th version), The International Diabetes

Federation (IDF). Swiss data is acquired from
Questions: (1) What are your main interests and concerns? https:/diabetesatlas.ora/data-by-location/country/switzerland/
(2) With which groups do you wish to collaborate and why?
Rank the partners by priority. (3) What are the best-case and
worst-case scenarios for you?



https://diabetesatlas.org/resources/idf-diabetes-atlas-2025/
https://diabetesatlas.org/data-by-location/country/switzerland/

Main interests and concerns

Basic researcher

Funding agency

Patients
Medical doctors
Pharma
company

Insurance
company

Regulatory
Agency

Interests

Etiology, Novelty, Publication

Wellbeing of as many people as possible,
Funding research with broad applications,

Health, Little side effects, insurance coverage

Cure, a working health system, work-life
balance

Working safe drug, IP, high revenue

Low price, scrutiny over prescription, active
market access including generic versions

Avoid scandals (including corruption),
minimizing risk, guideline flexibility

Concerns

Funding, Meaningful, Competition

Reduced total funding, wasted funding.

Lack of efficacy, adverse effects, expensive

Adverse effects, accessibility, long-term
unpredictable effects

Scooped, IP infringement, research not
translated into drug

Over-prescription, high price, people
developing chronic disease

Fake results, protests for drugs not
approved, international collaboration



Partners by priority (inputs by the groups)

Basic
researcher (A)

Funding

agency (F)
Patients (P)
Medical doctors
(M)

Pharma
company (C)

Insurance
company ()

Regulatory
Agency (R)

Priority
#1

F

#H2

#3

#4

#5

#H6
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Partners by priority (inputs by the groups and David)

Basic
researcher (A)

Funding

agency (F)
Patients (P)
Medical doctors
(M)

Pharma
company (C)

Insurance
company ()

Regulatory
Agency (R)

Priority
#1

F

#H2

#3

#4

#5

#H6

#H

NX~

\/l\/|\/
%N PaS

NN
N

]
>C
wa
—
-



> Researchers
Funder < \ Pharma

== Returned (#1-3)
= |_Ukewarm (#4-5)
- Unrequited (#6+ or unranked)

== OWn peers

Groups and David: 14 of 19 top-3 picks are
returned within the partner's top 3.

Regulator Patients

A\,

Interactive version: https://claude.ai/artifact/ XWrt2TtKb5X412veJJWnaY
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https://claude.ai/artifact/XWrt2TtKb5X412yeJJWnaY

Best and the worst scenarios

Basic researchers
Funding agency
Patients

Medical doctors
Pharma company
Insurance company

Regulatory Agency

|deal scenario

Generate impact, get funded, recognition

Impactful research funded, return of
investment, more funding

Improved health and life condition,
minimized risks, affordable costs

Improving patients’ conditions, access to
medicines, building up expertise

Profits, manageable risks, investment in
newer and better drugs

Profits, ensure access to drugs, sustained
access to healthcare and medicines

Approving drugs with benefits dominating
over risks, encouraging discovery of new
medicines, ensuring patients rights
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Worst scenario

Little impact, not funded, lack of recognition

Funded research has little impact, lack of
ROI, less funding

Worsened health and life condition, high
risks, high costs

Failure to improve patients’ conditions, no
access to drugs, atrophy of expertise

Financial and image loss, severe risks,
failure to collaborate with other partners

Financial and image loss, no access to
healthcare and medicines, too high costs

Fail to improve helpful drugs, approval of
drugs causing severe adverse effects, lack
of drugs leading to degenerate healthcare



Drug discovery and development require huge investment

and large interdisciplinary teams

a)
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Schuhmacher, Alexander, Lucas Wilisch, Michael Kuss, Andreas Kandelbauer, Markus Hinder, and Oliver Gassmann. “R&D Efficiency of Leading Pharmaceutical Companies — A

Cumulative R&D Spending
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20-Year Analysis.” Drug Discovery Today 26, no. 8 (August 1, 2021): 1784—89. htips://doi.org/10.1016/j.drudis.2021.05.005.
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https://doi.org/10.1016/j.drudis.2021.05.005
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One quest: to make drug discovery efficient and

BASEL
sustainable with mathematics and informatics
a) 45 R?=0.8421
Phizar = Ligands PoseBusters set
40 ¢ S8
35 Merck’(US) ’,” 80
» Novartis¢p =~ -~ ] - —
uzJ 30 % =
,E 25 GlaxoSmithKline ¢ L0 § |
o _~ Sanofi % 40 |
o 20 : AstraZ,enéca‘ ®Roche
—g Gilead Eli Litle @
: 1 Lil§ 204
3 15 | Sciences ," ' '
Z Takeda @ Bristol Myers Squibb
10 Boehrm_g/ef”Amgen 0 T T T
Ingelheim AF3 AutoDock  RoseTTAFold
NT A 2019 cut-off Vina All-Atom
5 =5 v n =428 n =428 n =427
0 Accurate structure prediction of biomolecular interactions with
$0bn $100bn $200bn AlphaFold3 (Abramson et al., 2024). The PoseBuster set: 428
Cumulative R&D Spending protein-ligand released to PDB after 2021. Success: pocket-aligned ligand Root
Mean Square Deviation (RMSD) of atomic positions <= 2A. Right: AF3 prediction for
R&D efficiency of leading pharma companies, which docking tools Vina and Gold were less accurate (Human Notum bound to
1999-2018 (Schumacher et al., 2021) inhibitor ARUK3004556)
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https://www.nature.com/articles/s41586-024-07487-w

Five key questions in drug discovery
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Medical Need

What is the unmet
medical need to be
addressed?

Target &
modality

What is the target?
What is the
modality?

PK/PD

How much drug
reach which body
part? What does
body do to the drug
(PK)? What does
the drug do to the
body (PD)?

Benefit/risk

What is the toxicity
of the drug? Is it
justifiable given the
benefits?

Patient
stratification

Who are responsive
to the drug? Who
are susceptible to
adverse events?



Activity [%]

NX
Classical workflow of drug discovery from models’ perspective 7HT
Animal experiments
(in vivo)
| e >
-1Co:1ce;1traiion3 4
[log,,nM]
Biochemical or  Cellular assays Wi Clinical
biophysical (in vitro) Mrdnfetes

trials

assays bRiAg T RO
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Mathematical and computational models integrate data across scales

Vehicle
A

504 -e- JAK1
JAK2
-+ JAK3
- TYK2

Activify [%]

) 1 2
Concentration
[log, ,nM]

High-throughput
technologies (omics)
microscopy, etc.)

Wi it

S — ST LLLELE
Mechanistic, causal, ;41509014

and statistical models

ou _ ~ O

oo ~ ox*
Diffusion Binding
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Nobel Prize in Physiology or Medicine 2023 was
awarded to Katalin Kariké and Drew Weissman
for “their discoveries concerning nucleoside
base modifications that enabled the development
of effective mRNA vaccines against COVID-19”

Recombinant protein Nucleic acid Inactivated

Main methods for vaccine
production before the
COVID-19 pandemic:
Recombinant protein
(e.g. HBV)
Inactivated viruses
(e.g. Influenza and

Viral vector

Others

14% 1%

Conjugate Attenuated | Toxoid
Virus-like particle Unknown

Epldemlc cerebrospinal meningitis

Polio)

. 25% 6% 21%
e viral vectors (e.g.

HIV). SARS-CoV-2 Influenza HIV Malaria | RSV | 2/; W 1% ) Others

Pneumococcal

Issues: large-scale cell infection HI:DV, dlplhtherla,

. . . : t i
culture is required, which Rekies: [P Hs

limits the possibilities for

. . . Yue, J. et al. The R&D landscape for infectious
rapid production in response

disease vaccines. Nature Reviews Drug Discovery
22, 867-868 (2023).

Shigellosis, hand-foot-and-mouth disease,
poliomyelitis, tetanus, herpes zoster, dengue
fever, haemophilus influenzae, rotavirus, zika

to pandemics.
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1. Choose one of the following tasks, and share what you learned the most, both about the topic and about

how to communicate science

a. Read the Popular Information of Nobel Prize in Physics 2024,
https://www.nobelprize.ora/prizes/physics/2024/popular-information/, on artificial neuron networks. If
you an expert, you can choose to read the Advanced Information in addition,
https://www.nobelprize.org/prizes/physics/2024/advanced-information/, and compare the two

versions.

b. Read the Population Information of Nobel Prize in Chemistry 2024,
https://www.nobelprize.org/prizes/chemistry/2024/popular-information/, on protein structure prediction
and protein design. If you are an expert, you can choose to read the Advanced Information in
addition, htips://www.nobelprize.org/prizes/chemistry/2024/advanced-information/, and compare the
two versions

2. In the Population Information of Nobel Prize in Chemistry 2026 that we read last week,
hitps://www.nobelprize.org/prizes/chemistry/2026/popular-information/, which drug(s) were mentioned?

Why chirality matters in that case? Can you find 1-2 drugs of which chiral forms have similar effects? And

1-2 drugs of which chiral forms have distinct effects?

15


https://www.nobelprize.org/prizes/physics/2024/popular-information/
https://www.nobelprize.org/prizes/physics/2024/advanced-information/
https://www.nobelprize.org/prizes/chemistry/2024/popular-information/
https://www.nobelprize.org/prizes/chemistry/2024/advanced-information/
https://www.nobelprize.org/prizes/chemistry/2026/popular-information/

The central dogma applies to human and viruses including

SARS-CoV-2
ATGAGchAAGT C

Transcription

e

oA

Translation l ' Codons

Protein @ @ @ @ Peptide

ﬂtalyses

Food and
water

Small
molecules

16



RNA is transcribed from DNA
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CYTOSN‘»JNE [c] CYTOSNJNE [c]
L (Y
N (o] u (o]
GUANINE [g GUANINE [g
(o] (o]
N NH N NH ’mr‘
4 \ N)\NHZ 4 \ N)\NHZ %
ADENHIZN E I Deoxyribose- ADEN!&NE A g 2 %
=N phosphate =N ﬁ“", “-"* d
(N \ N) “backbone” KN ) N) A" m & “V m
; “ g Y
URACIL 7] THYMINE 7] "-’A “‘,ﬁ %
fJ\NH chf‘\NH é
LA Ribose- - Template/transcribed/a
H phosphate . i
Nucleotides “backbone” Nucleotides ntisense strand RNA-polymerase §
of RNA of DNA TITTITTTITITTITITITIUITITIT I GRS T I TTTT I I RT]
RNA DNA CTGACGGATCAGCCGCAAGEGGAATTGGCGACATAA NN
(ribonucleic acid) (deoxyribonucleic acid) GACUGCCUAGUCGGCGUU «“’
5 5 RNA-transcript
HOCH, o OH HOCH, o OH
| | | | GACTGCCTAGTCGGCGTTCGCCTTAACCGCTGTATT
4C cr 4C cr
INE /] INH - B Coding strand
H ca c H H : C H
. 24) il | Figure: https://commons.wikimedia.org/wiki/File:DNA_transcriptie.svg and
OH ©OH OH H https://en.m.wikipedia.org/wiki/File%3AHAR1F_RF00635_rna_secondary_structure.jpg. Original
Ribose 2-Deoxyribose work by wikipedia user: OrgreBot and user:Ppgardne. Used under CC-SA 3.0 license.
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MRNA is translated into proteins
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|nf0rma’[|on encoded Cell nucleus
in messenger RNA

directs the addition T AR
of amino acids Transcription

during protein
synthesis. %

Translation
RNA polymerase

J Growing polypeptide chain
PR v tRNA

( Peptide moves
.y to the next tRNA /

The process, known
as translation, takes —k
place on ribosomes Cell cytoplasm
in the cell

cytoplasm.

CtRNA

Different cells

have different DNA ., cysocree’
segments ‘active’

and different

RNAs/proteins

expressed.

Ribosome

Outside cell
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{ A bone marrow cells 2.5%
[ 3 = S e '

‘©» © | adipocytes 0.2% N L
¢ .‘ ~ lymphocytes 1.5%  8e . 200%%% 0o ® %e £ e
) - q PR S ogad T

NEe2e5s € % &%e%e 0%
— platelets 4.9% g e Seé% & 6 50 " untoe 57
8 96% o > 9 ¢ ®
) ® ®Q; )
o;ﬁ @38‘@9 <
erythrocytes, 84% :.:...:” .
] a B

25x10'2 of 30x10"2

total human cell count bronchial endothelial

cells 0.5%

vascular endothelial
| cells 2.1%

SToa a3 epidermal respiratory
Bonsmcvsenenay cells 0.5% | \ interstitial cells 0.5%
dermal muscle cells other neurons

fibroblasts 0.1% 0.001% 2.0% andglia0.6%




A hierarchical system of cells, tissue, organ, organ system and human °
boody

Epithelial Epidermis: Skin: Integumentary System
Tissue Organ (Hair, Skin, Nails):
Organ System

Cells: basic Tissues: groups Organ: group Organ
building blocks, of specialized of tissuesto  systems:
variable cells that perform group of
morphologies  communicate  specific organs and

and functions . .
and collaborate functions tissues



Timescales in biology

Question: what is the relevant
timescale of drugs? Why?

Characteristic rates and timescales in cell biology

Shamir, Maya, Yinon Bar-On, Rob Phillips, and Ron
Milo. “SnapShot: Timescales in Cell Biology.” Cell 164,
no. 6 (2016): 1302-1302.e1.
https://doi.org/10.1016/j.cell.2016.02.058.

DNA replication

Diffusion over 1 pym ~~~ 10° nt/s

10°nt/min
10-100 ms
D
Cell movement - 10 pm/s ;
Transcription
10-100 nt/s P o 10-100 nt/s

1 min/gene [1 kbp] 10 min/gene [10 kbp]
Cell cycle

1hr

S/

Translation
10 aa/s

1 min/protein [300 aa]

10 aa/s
1 min/protein [300 aa]

Flagellar rotation
—. 100 Hz

Cellular pool half-life (dominated by)

1s Metabolite (turnover) 1 min
10 min mRNA (degradation) 10 hr
1 day

1hr Protein (dilution)

Model bacterium (E. coli) Vs. Mammalian cell line (HeLa)
lefug:‘cit;altlgmted =0 Clathrin-mediated
10-10° M- s S e endocytosis

o E U, R R Passage across o 1 min
Prwsl ot L aE membrane Diffusion over 10 pm
e Ligand-induced 1-10's DL\ .
¢ ', ey o conformational change Channel © Transporter = St - T 4 i
£ gdinn 1ms 01ps = 1-10ms | || = .- e o St
o s N ! ’ 0'5 Molecular motor
S S e ~ ‘l 1 pm/s
By { " DNA replication 1‘

P —

Cell movement - 1 pm/min

Cell cycle
1 day

/

Protein folding
1 ms-1min

Sizes not to scale
V, 2\

bacteria * " cell line

~1:1,000

Orders of magnitude in timescales

Neuronal ATP
Fastest enzyme coincidence synthase Protein Gene Budding yeast
turnover time detection rotation folding splicing generation time

Taste bud
cell lifespan

/ / / 7 7 i
/ 10 (us) / / 103 (ms) / / 10° (s) / / 10° (=20 min) / / 10° (=2 weeks) /
i 1 / / / i L

Electron transfer

Action Average enzyme Protein Minimal bacterial Circadian
by cytochrome ¢ potential turnover time translation generation time clock
duration

Red blood
cell lifespan
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https://doi.org/10.1016/j.cell.2016.02.058

Reductionist versus holistic approach
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A Sunday Afternoon on the Island of La Grande Jatte, George Seurat
Example inspired by Derek Lowe, author of /In the Pipeline



