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AMBITION

) Becoming a world-leading
protein explorer

The ambition of Novo Nordisk Foundation Center for Protein Research (CPR) is to be a world-leader in exploring
how proteins drive fundamental biological processes in humans. The research can ultimately lead to new ways to

diagnose, prevent and treat diseases.

CPR has a unique strategy to tackle the challenge

of how proteins drive fundamental biological proc-
esses in humans by interdisciplinary research and
the development of new technologies. The center
combines three different approaches to reach its goal
to become a world-leading protein explorer:

— Develop and combine under one roof the broad-
est possible spectrum of state-of-the-art protein
technologies combined with high-end computa-
tion and big data management

— Perform highly effective technology-driven and
mechanism-oriented protein research

— Translate basic discoveries to health care.

CPR STAFF

At the end of 2020, CPR employed 222 staff mem-
bers from 39 different countries compared to 190 at
the end of 2019. CPR employees fall into three main
categories: scientific personnel, research support and
administrative support, of which scientific personnel
constitute 70%.
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The quest to become a
world-leader

The ambition of CPRis to be a
world-leader in exploring how
proteins drive fundamental bi-
ological processes in humans.
The research can lead to new
ways to diagnose, prevent and
treat diseases.

TECHNOLOGIES

Combining technologies to
grasp the protein world

The technologies available in
CPR span the entire spectrum
from mapping all protein vari-
ants in a cell to visualising how
individual proteins assemble
in functional networks that
drive fundamental physiologi-
cal processes.

CHALLENGE

The unexplored
protein world

While the basics of the human
genome, the DNA, was roughly
mapped in 2001, the expres-
sion of the DNA in proteins

- the human proteome - is still
widely unexplored. Take a look
into how proteins are made in
acell.
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IMPACT

CPRis breaking
new ground

2020 marked the first year of
CPR’'s new five-year budget of
700 million DKK granted by the
Novo Nordisk Foundation in
2019. The new funding period
allows CPR to expand at many
levels, including the addition
of a completely new and very
important area of biomedicine
driven by proteins and their
modifications.
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Selected numbers:
CPR activities in 2020

Get a quick overview of CPR’s
research output, financial
turnover, educational activities
and outreach events.
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SYNERGIES

Mapping internal and
external collaborations

A graphic overview of how CPR
research programs comple-
ment each other and a map

of CPR’s network of external
collaborators.

PROGRAMS AND
TECHNOLOGIES

Meet the research
programs

The five CPR research pro-
grams, their technologies and
the landmark results accom-
plished by the research groups
in 2020.

GOVERNANCE

Organisation and
leadership

CPR has a clear governance
structure tailor-made to
maximize efficient governance
internally and foster interac-
tions with the Faculty of Health
and Medical Sciences at the
University of Copenhagen and
other research organisations.

PUBLICATIONS

Full overview of
CPR publications

CPR researchers published 152
articles including 130 primary
research articles and 11 review
articles in 2020. Find the full
reference list here.
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TECHNOLOGIES

) Combining technologies to grasp the protein world

The technologies available in CPR span the entire spectrum from mapping all protein variants in a cell to visualising how individual proteins
assemble in functional networks that drive fundamental physiological processes. This allows for a highly collaborative and interdisciplinary research
environment where the different research areas cross-fertilise and bring together different approaches to explore and understand proteins. From

January 2020, CPR’s technology portfolio was expanded with functional genomics, due to the arrival of Research Director Anja Groth and the
Protein Memory Program.

Technology

Mass
spectrometry

Big data management
and analysis

Protein
imaging

Cryo-electron microscopy and
x-ray crystallography

Functional
genomics

Analyses all protein variants
in a sample.

Predicts how proteins interact
and cooperate.

Investigates protein function in
living cells.
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What the technology can do?

Reveals the identity and amounts
of proteins and their modifica-
tions in a biological sample by
measuring the mass-to-charge
ratio of ions.

Indicates how proteins function
and vary across the population
by generating and analysing
molecular interaction networks in
health and disease.

Tests the function of selected
proteins /protein networks in
live cells by light microscopy
and image analysis.

Visualises how proteins move
around over time, how they inter-
act and the effects on the cell.

Studies molecules and molecu-
lar interactions by the use of
biophysical instruments.

The structure and biophysical
features of a protein reveal how
it moves, how it interacts with
other molecules, and more.

Uses DNA sequencing to un-
derstand genome function and
how proteins provide epigenetic
information, which is passed on
to daughter cells to maintain
cell identity and fate in next cell
generation.

How the technologies
interrelate at CPR

Mass spectrometry produces

alist of proteins present in the
sample for further processing

by big data analysis.

Big data analysis integrates
data sets collected from
proteomics and other omics
technologies, health data and
more - and supports hypothesis
generation for further testing in
the laboratory.

Microscopy is used to investi-
gate and functionally comple-
ment the results from mass
spectrometry and big data
analysis.

Protein characterization and
structural studies contributes to
the understanding of a protein’s
function, thus complementing
all other protein technologies

at CPR.

In a cross-disciplinary approach,
functional genomics is com-
bined with CPR technological
strongholds such as proteomics,
structural biology, and big data
analysis to reveal protein func-
tion in genome regulation.

pé
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CHALLENGE

&) The quest to understand the human proteome

DNA

While the basics of the human genome, the DNA, was roughly mapped in 2001, the expression of the
DNA in proteins — the human proteome - is still widely unexplored. With potentially millions of dif-
ferent protein variants in the human body, it is a huge challenge to find the key players relevant for
disease diagnosis, prevention and treatment. Novo Nordisk Foundation Center for Protein Research
has taken up this challenge to lead the way for new treatments in the clinical world.

HOW PROTEINS ARE MADE IN A CELL

CELL NUCLEyg
—
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™ mRNA
7
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THE DNA

HOLDS THE CODE

DNA is composed of a
series of four alternating
bases that define our ge-
netic sequence. It contains
around 20.000 genes that
code for the expression of
an unknown number - po-
tentially more than a million
- of protein variants, which
regulate most functions in
the human body.
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— THE mRNA
TRANSPORTS THE CODE

The production of a specific
protein begins when the DNA
of a gene is copied into an
mRNA molecule - a messenger
RNA - which contains the code
for the protein. The mRNA
transports the protein code
from the cell nucleus into the
cytoplasm of the cell. It brings
the code to the ribosome, the
‘protein assembly line'.
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— THE RIBOSOME
ASSEMBLES THE PROTEIN

The ribosome translates the code
brought to it by the mRNA. Every
sequence of three bases carries
a signal for tRNAs - transfer-
RNAs - to bring a specific amino
acid to the ribosome and place
it in an exact spot in the chain of
acids that builds the protein like
pearls on a string. Proteins are
made out of a total of 20 differ-
ent amino acids.
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THE FINISHED PROTEIN

Chemical
groups
% THE PROTEIN
IS MODIFIED AND READY

In the final stage, the chain of amino ac-
ids is cut, folded and brought to a three
dimensional shape. A variety of chemi-
cal groups are added by enzymes (other
proteins) providing the new protein with
its final distinctive structure, function
and activity. These ‘post-translational
modifications’ (PTMs) dramatically
diversify the protein pool in the human
body that contains potentially millions
of different protein variants.

ANVIEWINW 1730

WHAT PROTEINS DO

Proteins run the human body in myriad
ways. If you look into a medium-sized
cell of a human, you find billions of
proteins at work. All proteins perform

a job of importance for human life and
health. Sometimes errors occur and
cause illness. In fact, most diseases
manifest at the level of proteins, and
most drugs target proteins or are pro-
teins themselves.

Proteins take care of many different
functions in the body.

They are:

— enzymes - or socalled biological
catalysts - that speed up chemical
processes — such as the addition of
post-translation modifications to
new proteins.
receptors that bind to specific
ligands in their environment
and forward this signal to
other molecules - such as the
receptors in the nose that bind to
odor molecules and convey this
information to the brain.
transporters that take molecules
from one place to another — such
as hemoglobin bringing oxygen
from the lungs to the muscles.
structure builders that hold
together cells and tissue as a
scaffold — such as collagen holding
together the cells of the skin.
hormones that travel the blood-
stream to stimulate specific cells or
tissues - such as insulin from the
pancreas that promotes glucose
uptake in liver, muscle and fat.
antibodies that detect pathogenic
bacteria and viruses in our body as
part of the immune system.
contractile proteins that allow bio-
logical structures to contract- such
as myosin and actin that make up
the majority of muscle tissue.
storage that serves as biologi-
cal reserves - such as ferritin that
stores iron inside the cell.
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IMPACT

&) Sharing research
and technology

It is CPR’s ambition to share knowledge and technology with the surrounding community. With our research, we
push the current limit of knowledge and technological development within protein research and we want the results
to be put to practical use for other researchers, health personnel and the pharmaceutical industry.

The key to success for Novo Nordisk Foundation
Center for Protein Research (CPR) is to collect the
best minds and the best protein technology under
one roof. We see it as our prime task to identify where
we can break new ground within protein research rel-
evant for preventing disease, and we are fortunate to
continue this thanks to funding: 2020 marked the first
year of CPR's new five-year budget of 700 million DKK
granted by the Novo Nordisk Foundation in 2019.

In 2020, we expanded CPR with a new research pro-
gram by recruiting Anja Groth, a world leader in epige-
netics and a highly innovative researcher. Anja Groth
successfully launched the Protein Memory Program (p.
29) and moved her research group to CPR at the very
onset of the COVID-19 pandemic. Her research is at the
crossroad between basic research — uncovering how
cellidentity is copied and transmitted to daughter cells,
a field we know surprisingly little about — and applied
research — because this knowledge is of major biomedi-
calimportance and can lead to new avenues to sustain
health across a lifespan and prevent disease.

At CPR, we are strong advocates for the societal value
of basic research in its own right. This year, Matthias

Mann and an international team sequenced the full
protein profile of 100 organisms ranging from viruses
and bacteria to plants, animals and humans. The map-
ping more than doubled the number of experimentally
verified proteins known (p. 23). This data is made freely
accessible and constitutes a rich source of informa-
tion about proteins that will aid researchers across the
world in a wide variety of topics — from understanding
evolution to the development of new drugs.

We are proud that as a natural extension of our pas-
sion for basic research, CPR continues to be very
successful in fostering translational medical research.
An excellent example is The Danish Disease Trajectory
Browser, which is an online tool to explore temporal
disease progression (trajectories) in 7.2 million Danish
patients over a period of 25 years. The tool, developed
by Sgren Brunak and his team (p. 30), is extremely
user-friendly for a very broad biomedical community;
it requires no bioinformatics or medical informatics
skills but simply uses statistical summary data from
patients to visualize how often patients with one dis-
ease get a specific other disease at a later point. The
trajectory browser is part of a plan to develop several
resources that can help Danish health personnel

improve disease management of individual patients
along the course each patient will take.

CPR's long-term ambition has been to facilitate ac-
cess to technologies that are traditional bottlenecks
in protein research. In addition to our tangible suc-
cess in the areas of bioinformatics tools and cryo-
electron microscopy, the year 2020 has witnessed
another major addition to this portfolio by launching
the new Proteomics Research Infrastructure (PRI) at
the University of Copenhagen, Faculty of Health and
Medical Sciences. PRI is headed by Michael Wierer, a
renowned expert in mass spectrometry. It will lever-
age CPR’'s world-leading research in mass spectrom-
etry-driven proteomics by providing access to an
advanced facility to a wider scientific community.

| hope you enjoy reading about CPR's research high-
lights in our 2020 Annual Report.

rdel

Jiri Lukas
Executive Director and Group Leader
Novo Nordisk Foundation Center for Protein Research
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“We are proud that as a natural extension of

our passion for basic research, CPR continues
to be very successful in fostering translational
medical research. An excellent example is The
Danish Disease Trajectory Browser, a tool for
exploring almost 25 years of data from the
Danish National Patient Register.”

Jiri Lukas
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NUMBERS

() Selected numbers:
CPR activities in 2020

No. of publications

150
140 Total number of publica-
130 tions. The number below
120 the line is the number of
110 publications with journal
100 impact factor >10*
90
80
70
60
50
40
30
20
10
0

141
121
BES 40

2016 2017 2018 2019 2020

Annual funding and distribution

No. of courses
No. of attendees

Under PhD Post- Mixed

graduates students docs Audience**

CPR organized 2+70 277 369 3-190
and co-organized

Faculty of Health 10224 12395 224  Le+b64
and Medical
Sciences at UCPH*

Qutside Faculty of ~ 5+121 2+50 130 4-70
Health and Medical

Sciences in DK and

abroad

Total 17415 16+522 6123 11324

No. of outreach events

p1N

* Excluding CPR organized courses
**Mixed audience covers undergraduate students, PhD
students, postdocs and academic staff.

* The journal impact factor (Web of Science) is an indicator
calculated annually for peer-reviewed journals. The impact
factor of a journal indicates the average yearly number of
citations received per article published in that journal dur-

NNF center grant 117.3 million DKK
Competitive research grants 102.5 million DKK

University of Copenhagen funds 7.5 million DKK

ing the two preceding years.

®e0e Total 227.3 million DKK

RESEARCH OUTPUT

In 2020, CPR researchers published 141 articles:
131 primary research articles reporting on original
research and 10 review articles. Commentary and
book chapters are not included in the diagram.

More than one in four of the articles (28%) were
published in journals with a journal impact factor
above 10.

FUNDING

In 2020, the total turnover of CPR was 227.3

million DKK.

Close to half was attracted as competitive
grants, supplementing the Novo Nordisk
Foundation center grant of 117.3 million DKK.

- The competitive research grants (102.5 million
DKK) stem from: 63% Danish private grants,
22% EU grants, 11% Danish public grants, and
4% other international grants.

TEACHING ACTIVITIES

Approximately 1,384 persons attended 50
courses taught by CPR researchers in 2020.
CPR's educational activities draw on the research
excellence and unique opportunities associated
with being a university-based research center.
One example is CPR'’s contribution to the Faculty
initiative '‘BRIDGE - Translational Excellence
Programme’. CPR offers three annual couses

in this postgraduate program that aims to

give a deeper understanding of the scientific
underpinnings of complex diseases, the ability to
translate insights between the basic and clinical
sciences, and training to manage the essential
collaboration between disciplines.

OUTREACH

CPR researchers want to share the knowledge on

protein research. In 2020, they participated in 95

outreach events:

- 76 press and media interactions

- 10 broadcast e.g. TV/radio/podcast

- 5talks - one of them at a symposium
organized by the Royal Danish Academy of
Sciences and Letters at the occasion of HM
The Queen'’s 80th birthday

— 3 activities for high school students

- 1website on epigenetics targeted to future
students and the public.
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HIGHLIGHTS

New programme focuses
on cellular memory

In January 2020, internationally renowned Professor Anja Groth established a new research programme at the Novo

Nordisk Foundation Center for Protein Research (CPR) dedicated to research in epigenetic cellular memory.

The cells in a human body divide constantly through-
out life. In the process of one cell developing into two
daughter cells, proteins help carry information between
generations, so that a skin cell actually becomes two
skin cells, and a liver stays a liver when cells divide. The
cellular identity is maintained via so-called epigenetics
mechanisms that assert their function “upon” (in Greek:
epi) the genetic inheritance encoded in DNA.

The new CPR "“Protein Memory Program"” will specifi-
cally investigate how information in proteins and
their modifications contribute to maintenance of
cellular identity and epigenetic memory. Thisis a
field in rapid development, as discussed in a review
article from the Anja Groth group published in Nature
Cell Biology in 2020.

“Research in cellular memory is important because it
helps us understand how organisms are built at the
most detailed molecular level. It is also important be-
cause it helps us comprehend how diseases arise and
develop, when loss of cellular memory allow cells to
acquire unwanted properties such as unrestricted cell
division and growth as what we see in cancer,” says
Research Director and Professor Anja Groth.

At CPR, she heads a group of 15 researchers, many of
whom were part of her team at the Biotech Research
& Innovation Center (BRIC) in Copenhagen, where the
group was located before moving to CPR.

"I have been incredibly happy to be at BRIC where |
had the opportunity to build and develop my group.
By moving to CPR, we will be able to further develop
our research area. At CPR, we can expand the pro-
gramme by recruiting younger groups within comple-
mentary research areas and here we have a unique
opportunity to integrate CPR strongholds in protein
networks, protein signaling and protein structure with
our expertise in cellular memory. This type of synergy
is really what we need in order to make true break-
throughs,” says Anja Groth.

For a description of the “Protein Memory Program”
go to page 29.

ANJA GROTH

is a highly innovative researcher known for develop-
ing novel technologies and pioneering the field of
epigenetic cell memory, which in 2018 led her to co-
found the spin-out Ankrin Therapeutics based on her
discoveries in genome and epigenome maintenance.
She has received numerous grants and awards in
Denmark and abroad, including HM Queen Margrethe
II's Science award, the Elite Research Prize, two ERC
grants and the Heirloom Award for Women Scientist
Leaders. She is elected member of the European
Molecular Biology Organization and the Royal Danish
Academy of Sciences and Letters.

p12
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The Groth Group moved their laboratory into newly renovated facilities at
CPR in March 2020. Group members Nazaret Rever6n-Gomez, Matthew

Todd and Kathryn Jane Wattam (background) are seen in the photo.




Associate Professor Nicholas Taylor meeting with
group members. Left to right: Rooshanie Nadia Ejaz,
Leyre Marin Arraiza, Monica Santiveri Saez and Claudia
Kielkopf. Monica Santiveri first-authored the article
published in Cell (p. 14).




HIGHLIGHTS

Tiny protein motor fuels
bacterial movement

The ability to move is key for some bacteria to efficiently spread infections. But how do they actually move?
Research at Novo Nordisk Foundation Center for Protein Research (CPR) has provided fundamental insight into the
mechanism that powers bacterial movement.

A lot of bacteria strains such as salmonella and E. coli
propel themselves forward by rotating threads, known
as flagella, which for some years have been known to
be driven by the flagellar rotary motor. But for long it
remained a mystery how the fixed part of the motor,
the stator unit situated in the cell wall, actually pow-
ers the movement of flagella.

MYSTERY SOLVED

In 2020, researchers at CPR solved the mystery
when they revealed that the stator unit itself is in
fact also a rotary motor. This tiny motor powers the
large motor, which makes the threads rotate, caus-
ing the bacteria to move.

"Now we know the actual composition, structure
and function of the stator unit and this paves the
way for therapeutic purposes. Since we now know
what makes bacteria move, we may also be able
to inhibit this movement and stop bacteria from
spreading. So our next step will be to find out if it is
possible to inhibit the stator units using chemical
compounds, which could have antibiotic effects,”
says Associate Professor and Group Leader Nicho-
las Taylor.

HOW BACTERIA CHANGE DIRECTION

The researchers determined the structure of the
stator unit complex by using cryo-electron micros-
copy. Working with this technology, they were able to
elucidate the stator unit's architecture, see how itis
activated, and provide a detailed model for how this
tiny motor powers the rotation of the flagellar motor.

"Furthermore, our model shows how the stator unit
can power rotation of the bacterial flagellar motor in
both directions, which is crucial for the bacteria to
change their swimming direction. Without direction
change, bacteria would only be able to swim straight
in one direction,” says Nicholas Taylor.

The study was carried out by researchers in the Taylor
Group in collaboration with researchers from Hum-
boldt-Universitat zu Berlin and Harvard University. It
was published in Cell.

W

THE ION-POWERED ROTARY
MOTOR OF BACTERIA

Flagella

Filament
Hook
Quter membrane LP-ring
Peptidoglycan layer
Stator unit, tiny motor

Inner membrane

Rotor,

Iarge motor

' C-ring

The ion-powered rotary motor consists of a rotor sur-
rounded by a ring of stator protein complexes that
power its rotation. The motor is bidirectional: chemo-
tactic signaling can cause a conformational change
in the rotor, known as “switching”, which results in a
change of the rotational direction of the motor.

p15
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HIGHLIGHTS

Speed-regulating proteins secure
safe DNA replication

Researchers at Novo Nordisk Foundation Center for Protein Research (CPR) have found a long wanted answer to
a puzzling question: How do molecular motors driving duplication of DNA avoid speeding and DNA damage? The
answer lies in the so-called MCM proteins and their ‘babysitters’.

Every time a cell divides in a human body, several
thousands of proteins have to work together at a safe
pace to assemble identical copies of the cell’'s DNA,

a process known as DNA replication. In this process,
there is risk of DNA damage causing diseases such
as cancer. This can occur, if the proteins assembled
into molecular motors called ‘replisomes’ move along
DNA too fast, leading to their collision. In other words
the DNA replication needs speed control.

In 2020, researchers at CPR identified the proteins be-
hind the speed control. They are the minichromosome
maintenance (MCM) proteins that are bound to DNA in
great excess. Until the CPR results were published in
Nature, researchers around the world had noticed the
many MCM proteins in the cells, but did not understand
why they are so many.

THE '"MCM PARADOX' SOLVED

"We can see the MCM proteins in the microscope, but
for decades scientists did not know what the vast
majority of them actually do. From an evolutionary
standpoint, it did not make sense to maintain a huge
surplus of proteins only as back up, with no other
important function. We have now solved this “MCM

paradox” by finding that all the MCM proteins in our
cells actually have a defined function,” says first
author Hana Sedld¢kovd, postdoc at CPR.

It was alreadyknown that MCM proteins are an essen-
tial component of the replicative helicase that forms
the core of the molecular motor of genome replica-
tion. The news revealed by CPR research is how MCM
proteins actually ensure DNA replication at the right
pace. Using cutting edge technology, the researchers
found that MCM proteins exist in two protein forms

in the cellular environment — parental and nascent
MCMs, which differ in their age but also in the engage-
ment in the DNA replication process.

The parental MCM proteins are recycled from previous
rounds of DNA replication and they are preferentially
used as active replicative helicases. The nascent
MCM proteins are newly synthesised that remain
inactive and function as ‘speed bumps’, which are
essential to set the physiological speed of replication
and allow error-free DNA copying.

Using 4D imaging, the researchers monitored the life
cycle of MCM proteins and observed how the nascent

MCMs are produced in the mother cells and how their
daughters inherit them.These findings also explain
how safe life continuation is secured - the cell's
memory of speed control is passed on through cell
generations from mother cells to their daughters.

MOLECULAR BABYSITTERS

The researchers also found that the function of nas-
cent MCM depends on another protein, the MCM bind-
ing protein (MCMBP). They dubbed MCMBP a ‘'molecu-
lar babysitter’, since the job of this protein is to escort
the newly born MCM proteins to the DNA where they do
their speed regulating work. The 4D imaging showed
that in the absence of MCMBP, DNA replication takes
place at a higher speed, leading to DNA damage.

This new knowledge may be of relevance to the devel-
opment of a new strategy for cancer treatment. The
researchers are currently testing the idea that genetic
or pharmacological removal of MCMBP and the result-
ing high speed of DNA replication, can be tolerated by
normal cells but will be lethal to cancer cells.

The studies were performed in collaboration with
researchers from the Choudhary Group at CPR.
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HIGHLIGHTS

Youngest part of the team
became first author in Nature

“Even as a student you feel part of the team,” says Hana Sedlackova who joined the Copenhagen Bioscience PhD
Programme at CPR in 2016, and crowned her PhD with a paper in Nature.

“Now it's done.”

That thought came to the mind of Hana Sedlackova
when she learned that Nature had accepted her work
for publication in July 2020. She was first author of
the article in the prestigious scientific journal and still
a PhD student, which is a combination rarely seen.
Most often, the researchers achieving this chill of
recognition present much longer CVs.

Thereby, Hana Sedl&ckova fulfilled the ambition that
was sowed in her mind during the first few weeks as a
pre-doctoral researcher at CPR in 2016.

"When | started at CPR, | was working with a very tal-
ented postdoc, Kumar Somyajit, who showed me ina
microscope how the MCM proteins look in the cell. It
had been a longstanding question among research-
ers why cells generate so many MCM proteins when
only a small portion is used to generate replicative
helicase during the process of DNA replication. For
several decades, scientists did not know the role of
the vast majority of MCM proteins, and collectively
called this enigma the MCM paradox. | looked at the
MCM proteins in the microscope and thought: ‘This
is so strange. How come that scientists didn’t solve

this enigma before?’,” says Hana Sedlackova, who
decided that solving the MCM paradox should be her
focus during the upcoming four years as a research-
er and PhD student.

"Other young researchers might have been scared to
take on this ambitious project, but for me it was simply
interesting to find out: What is the role of huge amount

of MCMs during DNA replication?” says Hana Sedldackova.

SUCCESS THROUGH CURIOSITY AND GUIDANCE

She solved the paradox thanks to her own curiosity and
drive, and, she adds, even more thanks to an extremely
stimulating scientific environment at CPR and an
intense interdisciplinary knowledge exchange in the
Copenhagen Bioscience PhD Pogramme. Here, PhD stu-
dents and researchers from four Novo Nordisk Founda-
tion Research Centers and other research institutions
get together for regular seminars and meetings.

"So many colleagues have been guiding me so well

to develop technical skills but also conceptual and
importantly critical thinking, for instance by saying:
“Look Hana, there is a new imaging technology, which
might help you to solve your research question.” And

this valuable feedback from my colleagues | always
appreciated a lot and many of these suggestions
were included in our final story published in Nature,”
says Hana Sedlackovd, now a postdoc at CPR.

Hana Sedlackova graduated from Masaryk University
in Brno in the Czech Republic, where she began work in
the lab already as a high school student. As a talented
scholar, she participated successfully in several na-
tional and international competitions and in 2016, she
experienced the positive dilemma having to choose
between two prestigious PhD positions abroad.

ATTRACTED BY THE OPEN CULTURE

“"Copenhagen won that competition. | already knew
the city and the university since | visited lan Hickson’s
lab in the Department of Cellular and Molecular Medi-
cine for a month during my masters. Now, | was look-
ing for at lab to dive deeply into cell biology, and the
number one was Jiri Lukas’ group and the Bioscience
PhD Programme It looked amazing - an opportunity to
really deal with fundamental questions in cell biology,
to freely develop new ideas and to participate in the
networking among centers. That is why | decided to
come,” says Hana Sedldackova.
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HIGHLIGHTS

It made her want to come back that she during her first
visit was pleased by the lifestyle in Copenhagen and the
flat hierarchy at the university. She recommends other
talented young researchers to follow in her footsteps.

"Copenhagen is a beautiful city. It is so nice how you can
transport by bike to the lab. And most importantly, the
science is done at a top level internationally. | really like
the collaborative way of working here. | can go from CPR
to another building and talk openly about my project
also with other scientists outside of CPR. In some other
academic cultures, one can meet a more secretive
atmosphere and a steep hierarchy. Here it's flat. Even
as a student you are an equal member of the research
team.”

THE COPENHAGEN BIOSCIENCE PHD PROGRAMME

is designed for international talents to come to Denmark
and start their research careers at a Novo Nordisk Foun-
dation Research Center. The four-year program recruits
up to 16 international students annually. It is divided into
a pre-doctoral year followed by three years of PhD train-
ing at one of the four Novo Nordisk Foundation Research
Centers embedded at the University of Copenhagen or
the Technical University of Denmark. The four centers
are part of the Copenhagen Bioscience Cluster, a Novo
Nordisk Foundation initiative.

p19
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HIGHLIGHTS

2020

Brief Highlights

NEW DIRECTOR OF THE PROTEIN SIGNALING PROGRAM

Starting January 2020, Niels Mailand, in addition to being group leader, became
new Research Director of the Protein Signaling program, previously headed by
Jiri Lukas. The advancement was unanimously supported by CPR’s Scientific
Advisory Board.

NEW CENTER FOR HEALTH DATA SCIENCE

A new Center for Health Data Science (HeaDS) opened in 2020 at the Faculty of
Health and Medical Science at University of Copenhagen with the aim to strength-
en data science across the faculty and support the biomedical community with
access to cutting-edge bioinformatics. CPR Research Director Sgren Brunak
helped conceptualise HeaDS with Dean Ulla Wewer and is part of the steering
group as are fellow CPR Group Leaders Lars Juhl Jensen and Simon Rasmus-
sen. CPR alumni Tugce Karaderi and Alberto Santos have established their own
research groups at HeaDS, which is led by Professor Anders Krogh.

EXTERNAL FUNDING

CPR had a high success rate with Independent Research Fund Denmark in 2020,
with four group leaders receiving a total of 12.5 million DKK. Research Director
Matthias Mann attracted 6.2 million DKK from EU Horizon2020 as part of the

ISLET consortium (Advancing Innovative Stem Cell-Based Therapy for Diabetes in
Europe). The Mann Group was also awarded 1.1 million DKK from the Chan Zucker-
berg Foundation for participation in the Human Cell Atlas project. PhD student Ann
Schirin Mirsanaye received 146,000 DKK from various contributors for the Sustain-
able Research Symposium in 2020 on behalf of ‘CPR Goes Green'.

SCIENTIFIC PRIZES

CPR leaders received several prestigious prizes in 2020. CPR Executive Director
Jiri Lukas received the Anders Jahre Award for Medical Research for many years of
outstanding research on cell cycle regulation and genome integrity in cancer. Jiri
Lukas share the award with long-time colleague Jiri Bartek from the Danish Can-

cer Society Research Center. CPR’s new Research Director Anja Groth received HM
Queen Margrethe II's Science Award. CPR Deputy Director Jesper V. Olsen received
the KFJ Prize awarded by Kirsten and Freddy Johansen’s Foundation. Julien Duxin
and Nicholas Taylor were elected for the EMBO Young Investigator Program, and
will receive financial and practical support for a period of four years. Associate
Professor Nicolai Wewer Albrechtsen was elected into the Young Academy, a
scientific academy for young talented researchers as part of the Royal Danish
Academy of Sciences and Letters.

ALUMNI OVERVIEW

An important part of CPR’s mission is to train future leaders in academia and
industrial biomedicine. On average, our young researchers train with us for a four-
year period as a PhD student or a postdoctoral fellow (postdoc) before moving on
to the next step of their career outside CPR. Since the centre’s establishment in
2009, CPR alumni have established 21 academic research groups. In 2020, four
PhD students defended their thesis and received their PhD degree. Four PhDs, ten
postdocs, one assistant professor and one associate professor left CPR for new
positions. The alumni have moved on to new careers within academia and indus-
try in Denmark and abroad. Two PhD students ventured into entrepreneurship by
establishing their own consulting firms.

Researchers leaving CPRin 2020 - To these sectors - Inthese regions

PhD 4 Academia 9 Denmark 12
Postdoc 10 Industry 5 EU 3
Assistant Professor 1 Entrepreneurship 2 Outside EU 2
Associate Professor 1

Total 16 16 16

p 20

HOYV3IS3I¥ NIFLOYd ¥YOd4 ¥YILNID NOILVANNOL ASIAYON OAON

0Z0Z 1L¥YO0d3¥ TVNNNV



Ricardo Garcia Martin from Montoya
Group at work in the laboratory.
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The researchers performed an in-depth study of the proteins of 100 taxonomically diverse organisms by the use of an
advanced proteomics workflow. Photo shows the facilities in Copenhagen.



HIGHLIGHTS

The proteome landscape of
the kingdoms of life

In the largest mapping of proteins ever conducted across different organisms, a cross-disciplinary team of
researchers from Research Director and Professor Matthias Mann’s labs have analysed and compared the proteins of

100 organisms.

Proteins perform the vast majority of functions in
all biological domains but their large-scale inves-
tigation has lagged behind due to technological
challenges. Apart from human samples, only a
limited number of organisms have so far had their
entire sets of proteins — their proteomes — mapped,
and there are few comparisons of the proteomes
across species.

A study from Novo Nordisk Foundation Center for
Protein Research (CPR) published in Nature in 2020
takes a big leap forward by analysing and comparing
the proteins of 100 organisms including animal, plant,
bacteria, archaea (an ancient type of single-celled
microorganisms) and viruses. For comparison, a
number of extensively studied model organisms were
included - for example brewer's yeast, Escherichia
coli (E. coli) bacteria and Drosophila melanogaster
(fruit fly), which are widely used to research biological
phenomena and human disease.

THE DARK PROTEOME

The study shows that the different life forms have
remarkable similarities, for example a high fraction
of the total proteome in all the analysed species

dedicated to maintaining protein homeostasis and
folding. Likewise, a high fraction is involved in sup-
plying energy resources to the cell.

Contrary to expectation, even well-studied model or-
ganisms still contributed many previously unknown
proteins. The study also showed a large number of
highly expressed proteins without a known function.
Exploration of this ‘dark proteome’ is attractive as
these proteins may indicate essential but unique
features in the evolutionary development of these
organisms, and they may be useful for the biotech-
nology industry.

AVALUABLE RESOURCE FOR

THE RESEARCH COMMUNITY

The study greatly increases the number of experi-
mentally verified proteins, especially in bacteria and
archaea. The current Swiss-Prot database (version
2019_03), which inventories all proteins that have
been experimentally verified, holds 559,634 proteins
from all species. An additional 803,686 proteins
from the new study more than double the number of
proteins with experimental evidence, providing a valu-
able resource for the research community.

The study was carried out by a cross-disciplinary
team of researchers from Research Director and
Professor Matthias Mann's labs in Copenhagen and
Munich at the Max Planck Institute for Biochemistry.
The team was able to infer common and specialized
biological functions of the identified proteins and to
compare them to close and distant relatives from
all taxonomic levels. These analyses were enabled
by advanced software called the ‘clinical knowledge
graph’ developed in Professor Mann's lab in Copenha-
gen. The data can be interactively explored at:
www.proteomesoflife.org.
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HIGHLIGHTS

Studies on extracts of African frog eggs
may improve future chemotherapy

One protein seems to play a key role when cancer cells avoid the impact of chemotherapy and continue to spread,
research at Novo Nordisk Foundation Center for Protein Research (CPR) has revealed.

A successful collaboration between four research
groups across several programmes at CPR has
uncovered that one specific protein named RFWD3 is
likely to play a key role when cancer cells manage to
repair their DNA and continue cell division although
the DNA was purposely damaged by chemotherapy.
The consequence is reduced effect of the treatment.

"We found strong evidence that the protein RFWD3
is responsible for orchestrating the repair of dif-
ferent DNA lesions induced by chemotherapy. If
we can inhibit this protein in patients subjected

to chemotherapy, we could potentially block cells
from fixing DNA lesions. This may lead to more
effective treatment in the future,” says Associate
Professor and Group Leader Julien Duxin who led
the research project.

THE AFRICAN CLAWED FROG

The research uncovered that RFWD3 seems to recruit
key factors needed in DNA repair and signaling in
cells that obtain DNA lesions, such as cancer cells.
The group did their studies on egg extracts from the
African clawed frog, containing the same repair fac-
tors as human cells. The researchers removed the

JOINED EFFORTS OF FOUR CPR RESEARCH GROUPS

The description of the role of the RFWD3 protein in DNA repair, published in Molecular Cell in 2020, is the cul-
mination of three years of research in the Duxin Group. The RFWD3 protein was identified in proteomics-based
screening studies performed in collaboration with the Nielsen Group, which also helped describe the protein
interaction network of RFWD3. The Rasmussen Group analysed data from deep sequencing of DNA repair prod-
ucts that helped evaluate error free repair across DNA lesions. The Mailand Group helped verify the function of
RFWD3 in human cells.

RFWD3 protein and observed that the absence of the
protein resulted in a profound defect in recruitment
of the components needed to repair and tolerate the
damage. This led to the conclusion that this specific
protein is an essential coordinator of DNA repair and
DNA damage bypass.

"Since the 1950s, doctors have treated cancer pa-
tients with different types of extremely toxic agents,
which have been approved in the clinic because they
are effective at killing cancer cells. But the truth is
that we still don't know how sometimes cells repair
the damage caused by the treatment. It is a huge
knowledge gap, which we are trying to fill in with our
fundamental research,” says Julien Duxin.
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The Duxin Group focuses on understanding
the basic principles of DNA replication and
DNA repair by the use of egg extracts from
the African clawed frog, Xenopus laevis.
The extraction process destroys the egg
cells, leaving a solution that contains all
the molecules needed to recapitulate the
processes that take place during cell divi-

sion and DNA repair. When DNA is added to
the solution, it is assembled into a nucleus
and is then efficiently replicated. This
makes cell-free frog egg extracts a power-
ful technology to study DNA replication
and DNA repair mechanisms.

Photo shows a vial of purified frog eggs.
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SYNERGIES P26

&) Internal and
external synergy

Collaboration and exchange of ideas is high priority at the Novo Nordisk Foundation Center for Protein Research

(CPR), since an open-minded and curious attitude among researchers increases the chance of generating frontier
research. This applies to CPR internally as well as in collaboration with hospitals, universities and the biomedical
industry in Denmark and abroad.

CPRis a highly integrated research center. With all Proteomics Program
research, knowledge and technology located closely

together, CPR has been able to establish an inter-

disciplinary environment where research programs

complement each other and collaborate extensively.

HOYV3IS3¥ NIFLOYd ¥YOd4 ¥YILNID NOILVANNOL ASIAYON OAON

Disease Systems Protein Signaling
Biology Program 3 Program

SYNERGY BETWEEN CPR
RESEARCH PROGRAMS

Synergies illustrated by the number of program-to-program
shared research publications in 2016-2020.

The Protein Memory Program was established at CPR in 2020
and did not share publications with the other programs in

2020. Network created with Cytoscape 3.9.0.
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SYNERGIES

Novo Nordisk Foundation Center for Protein Research
(CPR) actively interacts with the Faculty of Health

and Medical Sciences at University of Copenhagen,
hospitals in the region and scientific partners from
around the world. The global reach of CPR is evident in
the large number of collaborations that the center has
established around the world.

SYNERGY BETWEEN CPR AND
EXTERNAL COLLABORATORS

Synergies illustrated by the number of published
collaborations with external partners in 2018-2020.
The 60 most frequent partners across five different
categories are shown. The number of collaborations is
represented by the thickness of lines (2-53).

Network created with Cytoscape 3.9.0.

Corporation

Hospital

Research Institution

University

Faculty of Health and Medical Sciences,
University of Copenhagen

* 40 of 53 collaborations with Max Planck Institute of Biochemistry (MPI)
are related to Matthias Mann’s appointment as Director of Department of
Proteomics and Signal Transduction, MPI.

** 36 of 51 collaborations with Technical University of Denmark (DTU) are
related to Sgren Brunak’s appointment as Professor of Bioinformatics,
Department of Health Technology, DTU.

*** 12 of 34 collaborations with Danish Cancer Society (DCS) are related to Elena
Papaleo’s appointment as Group Leader of Computional Biology Lab at DCS.

The French National Centre for
Scientific Research (CNRS)
[

German Center of Diabetes Research @ @ Institute of Biological Psychiatry, Mental Health Center Sct. Hans

European Molecular Biology ° @ Odense University Hospital
Laboratory (EMBL)

Institut national dela santé etdela o @ Steno Diabetes Center Copenhagen

recherche médicale (INSERM)
® Department of Cellular and

Max Planck Institute Molecular Medicine

for Bioschemitry** Rigshospitalet

. . . Aarhus University Hospital

@ Aalborg University Hospital
@ Bispebjerg Hospital

Helmholtz Zentrum
Minchen

Russian Academy of Sciences @
SciLife Lab @

Center for non-coding RNA in
Technology and Health (RTH)
Wellcome Sanger
Instistute Stat 3 Nt

atens Serum Institut @ ° Center for

Biotech Research &
Healthy Aging o

Danish Cancer Innovation Center (BRIC)
University of Society*** .

Manchester ° Department of Drug Design

University of York, and Pharmacology
Dept of Archeology Novo Nordisk

. GLOBE Institute ® Foundation Center for

lcahn School of University of Stem Cell Biolo
L 9y
Medicine at Mso_unt_ o Gothenburg { ] GConter for
inai
@ Chromosome ; ;
i Novo Nordisk Foundation
Broad Institute @ Stability

. o . Center for Basic
Ludwig Maximilians Metabolic Research

University Munchen @ @ Novo Nordisk

(LMU) University
of bundee ®Lily @ Sanofi Aventis
Leiden University g Oxford
Medical Center University @ AstraZeneca
Beijing Genomics Institute
i Shenzhen
Harvard Medical School @ Thermo Fisher
. . Imperial College Scientific
Karolinska Institutet @ [
London @ Evosep
Universit
of Lun(\g o L @ Clinical Microbiomics
Technical University g [ ® L IQVIA
of Munich Aalborg AbbVie
University - Aarhus

University ® deCODE Genetics

University of Southern Denmark @ ® Intomics AS
ntomics

University of Cambridge . @ Leo Pharma

. @ Bruker

Technical University of Denmark**
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Research programs
and technologies in 2020

The research groups at the Novo Nordisk Foundation Center for Protein Research (CPR) are organized into five
programs. Each program is dedicated to run a technological platform that provides state-of-the-art research
resources and interdisciplinary support to fellow researchers in the center.
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Professor Anja Groth

Research Director
and Group Leader

Protein Memory
Program

The program investigates how proteins control
cellular identity via epigenetic mechanisms that
govern the expression of the genetic information
encoded in DNA. Understanding how cell identity
is copied to new cells is essential for healthy life and
understanding diseases.

THE GROTH GROUP

... Elucidates how chromatin organization is copied and epigenetic infor-
mation passed on during cell division to maintain genome function. The
program develops innovative genomics and proteomics technologies to
understand chromatin replication and epigenome maintenance.

2020 landmark

k& We have successfully initiated a new multi-disciplinary research
program at CPR aiming to break new ground in understanding protein-
based mechanisms underlying cellular memory. We have published a
seminal review paper on epigenetic cell memory and a proteomics based
mathematic model for propagation of chromatin states. 33

- Professor, Research Director and Group Leader
Anja Groth

PLATFORM RUN BY THE PROTEOMICS PROGRAM

The Genomics Platform provides high-throughput DNA and RNA
sequencing and covers applications from classical genomics to single-
cell transcriptomics. The platform offers support from project planning to
downstream analyses to all researchers at CPR.

p29
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Disease Systems
Biology Program

The program is leading in developing innovative
tools to analyze and interpret big biomedical data
effectively to better understand disease development
and improve treatment options. The program
combines multi-omics molecular network biology
data and clinical data from the healthcare sector.

p 30
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THE BRUNAK GROUP

...combines molecular and clinical data in novel ways
in order to understand disease progression patterns in
multi-morbidity patients. Understanding diseases in

a lifelong perspective gives valuable insights for more
precise treatment.

2020 landmark

&6 We presented an online tool to explore disease
progression in 7.2 million patients spanning 25 years.
The tool displays summary statistics that can help
divide patients into subgroups, which early in their
disease potentially could benefit from different treat-
ments such that later complications may be avoided or
reduced. Relations between diseases are complex and
are also influenced by the genes they share. 33

— Research Director, Professor and Group Leader
Sgren Brunak

THE JENSEN GROUP

... develops state-of-the-art tools for generation and
analysis of molecular interaction networks from
proteomics data and text mining. The tools are made
freely available to the scientific community.

2020 landmark

€& In a collaborative study between the Jensen and
Brunak groups and Odense University Hospital, we
analysed registry data for alcoholic liver disease
patients to identify upstream diagnoses that can help
with earlier diagnosis of alcoholic liver disease and
downstream diagnoses to understand its progression
to liver failure. 99

— Professor and Group Leader
Lars Juhl Jensen

PLATFORM RUN BY THE DISEASE SYSTEMS BIOLOGY PROGRAM
The Big Data Management Platform provides a shared, scalable computational infrastructure to handle the vast amounts of data produced by the various
technology platforms at CPR, such as raw mass spectrometry and imaging data.

THE RASMUSSEN GROUP

... focuses on computational analysis of variation in the
human proteome, genome and microbiome. By devel-
oping deep learning algorithms for omics data, they
aim to increase the understanding of human diseases
for more precise diagnostics and treatments.

2020 landmark

&6 A main achievement of the group this year has been
developing our deep learning frameworks for analysis
of large scale genomics, metagenomics, proteomics
and registry data. Furthermore, we reconstructed more
than 400 ancient Viking genomes in a massive effort
to understand the evolution of human genomes. 33

— Associate Professor and Group Leader
Simon Rasmussen
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Professor Niels Mailand

Research Directo
and Group Leader

Protein Signaling
Program

The program uses cutting-edge methodologies to
illuminate how proteins communicate and work
together to protect cellular DNA from harmful
changes. This enables a detailed molecular
understanding of diseases and paves the way for
improved treatment of patients.



THE MAILAND GROUP

... seeks to obtain detailed molecular
insights into the signaling processes
promoting cellular stress management
to protect against genetic changes,
which underlie many diseases. This
knowledge provides opportunities for
development of new and improved
treatment strategies.

2020 landmark

k& We discovered how patient-associ-
ated mutations in the FAM111 proteases
drive rare hereditary human disorders
via a gain-of-function mechanism that
undermines cell fitness and survival.

We also used genome-scale CRISPR
screening to unravel essential functions
of cellular signaling processes. 93

- Research Director, Professor,
and Group Leader
Niels Mailand

THE DUXIN GROUP

... uses protein extracts from frog eggs
to study fundamental mechanisms of
DNA repair and DNA replication. They
primarily focus on how cells repair

DNA lesions known as DNA-protein
crosslinks, which can cause cancer and
accelerated aging if left unrepaired.

2020 landmark

k& We have found strong evidence that
the protein RFWDJ3 orchestrates the
repair of different DNA lesions induced
by chemotherapy. If we can inhibit this
protein, we could potentially block cells
from tolerating DNA lesions, which could
lead to more effective chemotherapy in
the future. 99

- Associate Professor and Group Leader
Julien Duxin

PLATFORM RUN BY THE PROTEIN SIGNALING PROGRAM
The Protein Imaging Platform provides cutting-edge technology and support to all researchers at CPR that use microscopy to investigate the behavior of
proteins in the cell, such as protein localization, activity and interactions, either as a snapshot or over time.

THE LUKAS GROUP

... explores how proteins that guard the
integrity of the human genome as-
semble into functional pathways, how
they organize themselves in the cell
nucleus, and how they communicate
with the external environment and cel-
|lular metabolism to shield DNA against
heritable and disease-predisposing
mutations.

2020 landmark

&6 We found that newly synthesized MCM
proteins guard against genome insta-
bility by slowing down DNA replication
carried out by their older counterparts.
Hence, cells can recognize physical age
of proteins and make old and new protein
generations synergize to avoid errors
during genome duplication. 33

- Professor, Executive Director
and Group Leader
Jiri Lukas

THE NILSSON GROUP

...investigates essential enzymes
called protein phosphatases that con-
trol a vast number of signalling proc-
esses in the cell. Understanding how
protein phosphatases function and
select their target proteins may ad-
vance rational drug design for a range
of human diseases.

2020 landmark

&€& We performed a global mapping

of substrates (targets) of the protein
phophatase PP2A and explained how this
important regulator of cellular function
recognises its substrates. This allowed us
to uncover a new mechanism by which
PP2A suppress cancer growth. 33

- Professor and Group Leader
Jakob Nilsson
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Professor Guillermo Montoya

Research Director
and Group Leader

Protein Structure
and Function Program

The program visualizes the 3D structure of individual
proteins and their assemblies to understand key
biological processes. Understanding how these
molecules function improves the understanding of
biological mechanisms and disease development and
facilitates drug development.
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THE MONTOYA GROUP

... visualizes the functional details of protein complexes involved in cell cycle pro-
gression and genome editing and integrity. Deciphering the mechanisms behind
these important processes provides the basis for understanding disease and the
possible development of treatments.

2020 landmark

t& We mapped how the components of a large multifaceted immune system in
bacteria (Cmr-B) interact to defend bacteria against intruding phages (virus that
attack bacteria). Our results may constitute important knowledge for fighting anti-
biotic resistance. 33

- Professor, Research Director and Group Leader
Guillermo Montoya

PLATFORM RUN BY THE PROTEIN STRUCTURE AND FUNCTION PROGRAM

THE TAYLOR GROUP

... uncovers the structure and function of the complex molecular machines in-
volved in transporting molecules across cell membranes. By understanding their
biological role, it will ultimately be possible to adapt or modulate these systems for
medical purposes.

2020 landmark

€& Using cryo-EM, we have provided a detailed model of the membrane protein
complex that allows bacteria to move. The next step is to investigate if it is pos-
sible to inhibit the stator units with chemical compounds and thereby prevent
bacteria from moving and spreading. 33

- Associate Professor and Group Leader
Nicholas Taylor

The Protein Production and Characterization Platform provides CPR with purified proteins and protein complexes of the highest quality and characterizes
proteins using biophysical methods. The platform is an important asset as entry point for the cryo-EM facility.
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Professor Matthias Mann

Research Director
and Group Leader

Proteomics
Program

Innovative use of mass spectrometry technology
allows the program to map all proteins in a cell (the
proteome) to gain a deep biological understanding
of cellular processes in health and disease. They can
also identify proteins involved in disease and disease
biomarkers.
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THE MANN GROUP

... develops innovative methods for
rapid quantification of proteins in body
fluids and tissue. By profiling patient
samples, they aim to identify novel
biomarkers that can be used for patient
diagnosis and possibly for prevention
and treatment of metabolic diseases,
such as diabetes and cancer.

2020 landmark

&6 Via a vast mapping of proteins across
100 organisms, we offered a compara-
tive view of the functional organisation
of organisms across the evolutionary
range. By doubling the number of pro-
teins with solid experimental evidence,
we provided a valuable resource for the
research community available at www.
proteomesoflife.org. 33

- Professor, Research Director
and Group Leader
Matthias Mann

THE NIELSEN GROUP

... develops novel proteomic strategies
and combines this with other protein
technologies and bioinformatics to
understand how underexplored post-
translational modifications (PTMs)* of
proteins affect mammalian cell biology.
* Post-translational modifications (PTMs) are chemical

groups added to proteins after they are synthesized,
affecting protein structure and function.

2020 landmark

k& We developed an improved strategy
to measure physiological levels of ADP-
ribosylation (ADPr) - a PTM involved

in fundamental biological processes -
even from limited starting material. This
is a final step toward biomedical and
clinical application of ADPr profiling. 33

- Professor and Group Leader
Michael Lund Nielsen

PLATFORM RUN BY THE PROTEOMICS PROGRAM
The Mass Spectrometry Platform provides technical support and maintenance for research groups in the Proteomics Program to ensure that CPR retains
state-of-the-art mass spectrometry technology. Additionally, the platform provides analytical proteomics support for CPR researchers.

THE OLSEN GROUP

... develops mass spectrometry tech-
nology towards increased speed and
sensitivity while applying it to biologi-
cal questions such as mapping cellular
signalling via growth factor receptors on
the cell surface and the study of ancient
proteins (palaeoproteomics).

2020 landmark

&€& We published a method to ana-
lyse cancer phosphoproteomes with
increased speed and minimal need for
starting materials. The method makes
it possible to analyse patient biopsies
in clinical and biomedical laboratories
and identify activated signalling pro-
teins that can serve as biomarkers or
drug targets in diseases. 33

- Professor, Vice Director
and Group Leader
Jesper Velgaard Olsen

THE CHOUDHARY GROUP

... deciphers the regulatory effects of
post-translational modifications in cell
signalling by subjecting engineered
mammalian cell line models to state-
of-the-art quantitative proteomics.

2020 landmark

&6 We contributed to a study that
identified a new way to target the stem
cells that drive acute myeloid leukae-
mia (AML), a very aggressive blood
cancer. We also collaborated with the
Lukas group to reveal how newly syn-
thesized MCM proteins guard against
genome instability. 39

- Professor and Group Leader
Chuna Ram Choudhary
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GOVERNANCE

CPR organisation and

leadership

Novo Nordisk Foundation Center for Protein Research (CPR) has a clear governance structure tailor-made to
maximise efficient governance internally and foster interactions with the Faculty of Health and Medical Sciences at
the University of Copenhagen and other Novo Nordisk Foundation-funded centers of excellence.

The governance model incorporates all leaders and
principal investigators with top-down advice from the
Scientific Advisory Board and bottom-up perspectives
from the center’s Collaboration, Health and Safety Com-
mittee as well as the Student and Postdoc Association.

All key decisions are made by the executive manage-
ment headed by the Executive Director, who answers
directly to the Dean of the Faculty. The CPR executive
management team consists of the Faculty Dean, the
CPR management, and the Research Directors. The
team interacts frequently and on different levels to
discuss strategic matters, scientific strategy, financ-
es, and to streamline the day-to-day management.

CPR MANAGEMENT

Executive Director: Jiri Lukas

Deputy Director and Director of Education:

Jesper Velgaard Olsen

Head of Administration and Finance: Peter Dyrsting

CPR SCIENTIFIC ADVISORY BOARD

Once a year, the Scientific Advisory Board evaluates the
center’s performance, productivity, innovation, synergy
and education. The board consists of some of the most

influential scientists of our time, covering world-leading
expertise in all of CPR’s major research fields.

Angus Lamond (Chair), Wellcome Trust Centre for
Gene Regulation and Expression, Dundee University
(UK). Expert in proteomics and advanced imaging.
Andre Nussenzweig, Laboratory of Genome Integrity,
National Institute of Health (NIH), National Cancer
Institute, Bethesda (USA). Expert in DNA damage
response and mouse models of genome instability
disorders.

Christoph Miiller, Structural and Computational Unit
at EMBL, Heidelberg (Germany). Expert in cryo-EM,
X-ray crystallography and advanced biophysical and
biochemical approaches.

Michael Yaffe, Koch Institute for Integrative Cancer
Research, MIT (USA). Expert in how signaling path-
ways integrate at the molecular and systems level
to control cell cycle progression and DNA damage
responses in cancer.

Naama Barkai, Department of Molecular Genetics,
Weizmann Institute of Science (Israel). Expert in sys-

tems biology and design principles of biological circuits.

Steve Henikoff, Fred Hutchinson Cancer Research
Center (USA). Expert in chromatin conformation and
epigenetic inheritance.

COLLABORATION, HEALTH AND SAFETY COMMITTEE

A dialogue forum where decisions and new ideas are dis-
cussed and developed between management and employee
representatives. Topics include personnel policy, work/life
balance, trust, cooperation, well-being, safety, competence
development and finances.

STUDENT AND POSTDOC ASSOCIATION

A bottom-up initiative created by students and post-
docs to promote internal center synergy. Not a governing
body per se, but the association has a direct and positive
impact on the strategic decisions made by the manage-
ment, and its representatives have a regular slot at group
leader meetings.

CPR GOES GREEN

A bottom-up initative promoting sustainability in the
center's daily activities. Works to reduce the carbon footprint
of CPR by implementing green initiatives related to waste,
energy, water, lab reagents, consumables and daily habits.
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PUBLICATIONS

(#) Publications 2020

The list includes primary research papers, reviews, commentaries and book chapters published in 2020 (print and
online ahead of print). CPR authors are highlighted in bold.

PRIMARY RESEARCH

Aasebo, E, Berven, FS, Bartaula-Brevik, S, Stokowy, T, Hovland,
R, Vaudel, M, Doskeland, SO, McCormack, E, Batth, TS, Olsen,
JV, Bruserud, O, Selheim, F and Hernandez-Valladares, M 2020,
‘Proteome and phosphoproteome changes associated with
prognosis in acute myeloid leukemia’, Cancers, vol. 12, 3, 709.
>> 10.3390/cancers12030709

Alabert, C, Loos, C, Voelker-Albert, M, Graziano, S, Forne, |,
Reveron-Gomez, N, Schuh, L, Hasenauer, J, Marr, C, Imhof, A
and Groth, A 2020, 'Domain model explains propagation dy-
namics and stability of histone H3K27 and H3K36 methyla-
tion landscapes’, Cell Reports, vol. 30, 4, pp. 1223-1234.e8.
>> 10.1016/j.celrep.2019.12.060

Andersen, RK, Jorgensen, IF, Reguant, R, Jemec, GBE and
Brunak, S 2020, '‘Disease trajectories for hidradenitis sup-
purativa in the Danish population’, JAMA Dermatology, vol.
156, 7, pp. 780-786.

>> 10.1001/jamadermatol.2020.1281

Askeland, A, Borup, A, Ostergaard, O, Olsen, JV, Lund, SM,
Christiansen, G, Kristensen, SR, Heegaard, NHH and Peder-
sen, S 2020, ‘Mass-spectrometry based proteome compari-
son of extracellular vesicle isolation methods: comparison
of ME-kit, size-exclusion chromatography, and high-speed
centrifugation’, Biomedicines, vol. 8, 8, 246.

>> 10.3390/biomedicines8080246

Atabaki-Pasdar, N, Ohlsson, M, Vinuela, A, Frau, F, Pomares-
Millan, H, Haid, M, Jones, AG, Thomas, EL, Koivula, RW,
Kurbasic, A, Mutie, PM, Fitipaldi, H, Fernandez, J, Dawed, AY,
Giordano, GN, Forgie, IM, McDonald, TJ, Rutters, F, Cederberg,
H, Chabanova, E, Dale, M, De Masi, F, Thomas, CE, Allin, KH,
Hansen, TH, Heggie, A, Hong, MG, Elders, PJM, Kennedy, G,
Kokkola, T, Pedersen, HK, Mahajan, A, McEvoy, D, Pattou, F,
Raverdy, V, Haussler, RS, Sharma, S, Thomsen, HS, Van-
gipurapu, J, Vestergaard, H, t Hart, LM, Adamski, J, Musholt,
PB, Brage, S, Brunak, S, Dermitzakis, E, Frost, G, Hansen, T,
Laakso, M, Pedersen, O, Ridderstrale, M, Ruetten, H, Hatters-
ley, AT, Walker, M, Beulens, JWJ, Mari, A, Schwenk, JM, Gupta,
R, McCarthy, MI, Pearson, ER, Bell, JD, Pavo, | and Franks, PW
2020, 'Predicting and elucidating the etiology of fatty liver
disease: A machine learning modeling and validation study in
the IMI DIRECT cohorts’, PLOS Medicine, vol. 17, 6, e1003149.
>> 10.1371/journal.pmed.1003149

Avram, S, Curpan, R, Halip, L, Bora, A and Oprea, Tl 2020,
‘Off-patent drug repositioning’, Journal of Chemical Informa-
tion and Modeling, vol. 60,12, pp. 5746-5753.

>> 10.1021/acs.jcim.0c00826

Bader, JM, Geyer, PE, Muller, JB, Strauss, MT, Koch, M, Ley-
poldt, F, Koertvelyessy, P, Bittner, D, Schipke, CG, Incesoy, El,
Peters, O, Deigendesch, N, Simons, M, Jensen, MK, Zetter-
berg, Hand Mann, M 2020, 'Proteome profiling in cerebros-
pinal fluid reveals novel biomarkers of Alzheimer's disease’,
Molecular Systems Biology, vol. 16, 6, e9356.

>> 10.15252/msb.20199356

Batista, TM, Jayavelu, AK, Albrechtsen, NJW, lovino, S,
Lebastchi, J, Pan, H, Dreyfuss, JM, Krook, A, Zierath, JR,
Mann, M and Kahn, CR 2020, ‘A cell-autonomous signature
of dysregulated protein phosphorylation underlies muscle
insulin resistance in type 2 diabetes’, Cell Metabolism, vol.
32,5, pp. 844-859.e5.

>> 10.1016/j.cmet.2020.08.007

Bekker-Jensen, DB, Bernhardt, OM, Hogrebe, A, Martinez-Val,
A, Verbeke, L, Gandhi, T, Kelstrup, CD, Reiter, L and Olsen,

JV 2020, 'Rapid and site-specific deep phosphoproteome
profiling by data-independent acquisition without the need
for spectral libraries’, Nature Communications, vol. 11,1, 787.
>> 10.1038/s41467-020-14609-1

Bekker-Jensen, DB, Martinez-Val, A, Steigerwald, S, Ruther,
P, Fort, KL, Arrey, TN, Harder, A, Makarov, A and Olsen, JV
2020, ‘A compact quadrupole-orbitrap mass spectrometer
with FAIMS interface improves proteome coverage in short
LC gradients’, Molecular & Cellular Proteomics, vol. 19, 4, pp.
716-729.

>> 10.1074/mcp.TIR119.001906

Blair, JPM, Bay-Jensen, AC, Tang, MH, Frederiksen, P, Bager,
C, Karsdal, M and Brunak, S 2020, ‘Ildentification of heterog-
enous treatment response trajectories to anti-IL6 receptor
treatment in rheumatoid arthritis’, Scientific Reports, vol. 10,
1,13975.

>> 10.1038/s41598-020-70942-x
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