


Training the Next Generation - Who is Who?

JENS is a biologist at the Uni-
versity of lubeck. He is working
with viruses. Jens thrives to
understand how they build their
viral shell. To do so, he needs

a powerful X-ray laser which
enables him to take a super-
close look at them,

MAY is an analytical chemist
specialized in native mass spec-
trometry. Ak SPIDoc's she stu-
dies protein structure by com-
bining spectroscopy and mass
spectrometry experiments. May
enjoys cycling, camping, and ge-
nerally being outside, as well as
needlework (knitting, crocheting,
embroidery - you name it)

GALAXY is a chemist
specialised in ChEMoinforma-
tics+. At SPIDoc’s she works in
field orienatition theory. Galaxy
loves playing games (especially
puzzle games), wakching theater
performances, rock climbing,
and trying new activities and
experiences.

YARA is a physicist working at
DESY. She specidlised in the field
of X-ray laser-technology and is
now supporting scientists from
all over the world to obtain the
best X-ray images possible for
their research.

PANAGIOTIS holds a mas-
ters degree in chemistry and is
specialised in analytical science
with biomolecular samples. At
SPIDoc’s he focuses on gas-pha-
se photodissociation processes
of relevance for imaging biomo-
lecules. Panagiotis enjoys sports
like football and boxing as well
as taking pictures.

HENDRIK holds a masters
degree in biochemistry. At
SPIDoc’s he is responsible for
the application and integration of
novel mass spectrometry techno-
logies for the studies of virus
particles. Hendrik enjoys board
games and D&D amongst others
as well as baking, reading and
engaging in creative endeavours.

AVJIAAN is a biologist specia-
lised in biotechnology. Ak SPIDoc's
he is working on sample delivery
for single particle imaging, focu-
sing on protein orientation and
detection. Avjaan enjoys music,
games, cooking and learning.

FREDERIK is an analytical
chemist with experience in com-
putation. Ak SPIDoc’s he studies
the conformational stability of
proteins from solution to the
gas phase. frederik is interes-
ted in cultural experiences such
as concerts and cultural music
events, but he enjoys camping,
too.

PIERRE is a physicist speciali-
sed in inskrumental development
for micro- and nanotechnology.
At SPIDoc’s he examines and
plans to build mass speckrome-
try instrumentation dedicated to
the studies of viral protein com-
plexes and particles. Pierre loves
adventures, sports and music.

ASSEL is a biologists spe-
cialised in molecular medicine.
Ak SPIDoc's she uses native
mass spektrometry to find out
more about coronaviral protein
complexes. Assel enjoys walking,
pilates and reading.

LAIS holds a masters degree

in astrophysics, particle physics
and cosmology. Ak SPIDoc’s she
explores photon-matter inter-
actions in single particle imaging
experiments with the XFEl-laser.
Lais loves dancing. She enjoys the
outdoors as much as traveling
and learning about history, poli-
tics, science and languages.

EZGl is a biochemist specia-
lised in biomedical sciences.

Ak SPIDocs she examines a
norovirus protein using nati-

ve mass spectrometry with
advanced fragmentation schemes.
Ezgi enjoys adventurous outdoor
activities like mountain hiking and
scuba diving as well as cooking
and painting.

Disclaimer: This comic is a work of fiction. Names, characters, places and incidents are either a product of the author’s imagination or are used
ficticiously. Any resemblance to actual people other than the people portrayed consentually are entirely coindicental. This work does not represent
the opinion of any organization or person involved.

Space, the final frontier.

The dockoral
candidates
are herel

™

These are the
voyages of the Starship
Enterprise. ks continuing
mission: To explore strange
new worlds. To seek out
new life, new civilisations,

_ . I think so,
Did everything but we can do a THERE
9o well with check in after the they are!
their travel? Lour

To boldly go

where no one has

Hi, I'm lais.
Didn't T see
you in Uppsala
before?

ks so good
to have you here
in person finally.

gone before!

No, but I cant
wait to see it. I've

Could be. I Have you ever read amazing thinas Yeah. Iim curious
arrived here be?&‘:objc?'s f?a— about the S&UPS about the custom
in Hamburg cility berare instruments|
yesterday.
How about a

tour of the facility
and the experimental
chambers - are you
interested?



Basically meaning, that we are able to take extremely sharp pictures of viral structures ...

Our approach with

MS SPIDOC* combines mass spectro- o sort by
metry (MS), allowing us to sort mole- electric field
cules by size and shape, with X-rays
for single particle imaging (SPD.
spray
probe

mage

size and shape x-ray laser

detector

... and explore their dynamic nature. One of our goals is to capture how viruses are built.

proteins

And now it is finally
time to train the NEXT
GENERATION of SpiDoc's-
scientists! Are you excited?
Because I aml

PROJECT 2 Galaxy

Struckural investigations
using Native MS and
SPI of coronavirus

PROJECT 1

Sample delivery for
SPI: protein orien-
tation and detection Assel

Avjaan

protein
complex

PROJECT 7

Field orientation theory

virus

Lais

PROJECT 6

Photon-matter interackion:
Orientation from Coulomb
explosion

PROJECT &

Gas-phase photodissociation pro-
cesses of relevance for imaging
biomolecules and understanding
protein drug interaction

Panagiotis

May

PROJECT 3

MS-based approaches
for analysis of protein
drug interactions

Hendrik

PROJECT 10

Application of novel MS
Pierre technologies for the stu-
dies of virus particles

PROJECT 9

MS instrumentation dedicated
to the studies of viral protein
complexes and particles

Frederik

PROJECT &

Probing the conformational stability of proteins
from solution to the gas phase by combining
lasers to MS and Ton Mobility (IM)

* MS-what?! Find out more about this exciting research project in our first comic NOROVIRUS SUPERSTAR.

Ezgi

PROJECT 8

Protein structural characterization
using native MS with advanced
fragmentation schemes

Me too. So many
exciting perspectives.
I can't wait to ex-
change ideas!

Your goal is to work across all
borders and build THE LEAGUE
OF VIRAL RESEARCHERS! The

path ahead is full of challenges,
both personal and professional.

The deadline
is tomorrow?!?

I think.

Dude,
are you
ok?

They are examining the

assembly of virus-proteins*
Do you want to see some

of the readouts?

Oh, Id
love td

Try me and
I'll blast you into
oblivion with my

Don't panic.
We can do thisl

laser!
’7/,}?%
44,,,
@/, Grumbl.
W
Oh.... dll good,

hehe. Sometimes
I get carried a-
way a bit.

This is the
heart of MS-
SPI-DOC.

Ik took a group
of specialists from various
fields FIVE YEARS to get this
platform up and running.

theres a system

What do you
mean, the funding
got delayed?

Hello?

Uh, actually ...

(oNELitt
mal}itg:gicrtion‘ ’SolA ”0”

12777 ..

A

WORK—LiFE- 4

But if you cooperate wisely across platforms and
disciplines, you can generate unprecedent insight!

I'm here to cdlibrate
the different instruments involved.
Eventually T hope to develop a shared
software that helps analyse the out-

So - what's
YOUR project

/
A
\
-
t

about? puts from all instruments.
Sweet.
What are
they looking at
right now?

~ RRRrRUMBLE

CRRAASH;

Whoah!
Is that another
experiment?

% Viruses mulkiply by hijacking our cells to build new virus "shells’ (capsids) from proteins. Once we understand
how exactly they puzzle together their shells, we may be dable to develop more effective drugs against them.



SPACECRAFT?R
I didn't sign up
for this!

Expertise? We
are SCIENTISTS, not
astronauts! What is
this nonsense about?

Iks kinda
cool, though,
right?

* European Starship

0Oo000h ...

Welcome aboard the
E.S.S.* PREPAREDNESS. This auto-
nomous spacecraft is looking forward
to accepting your expertise and help
in the matters ahead.

No. No. No.
No. Ndl This HAS
to be a mistakel
BN
Bamy
BN

Typetypetype.

Breathe innnn,
breathe ouuuuut ...

Cest
quoi ...

Oaoh
FUDGE ...

| have been authorized to send
out an intergalactic SOS. Shortly
thereafter YOU turned up on the
bridge. Are you here to rescue us?

Hal Parts of it re-

mind me of a virus-
protein I am working
with! Weird, hu?

this is all in your head.

You are ok ...

Afraid to

No experts, huh?

Did you
say virus-
protein?!

Gulp.

disagree, Sir. Also,
may | draw your at-
tention towards the
massive space a-
nomaly ahead, for
a second?

So, what
virus dre you
studying?

Norovirus. They
can be quite obno-
xious, to be honest.

What about you?

Tell me about it! T work
on Coronavirus. I want to help
understand how they multiply

in the host cells.

We got trapped in the energetic field
of this anomaly for the last three earth
days. It is steadily drawing us in until
we will be ... ANNIHILATED.

Et voila une belle

merde | I've never

seen anything like
this before.

You know,
for a computer,
youre unusually

snarky.

Hi, I am the LEADING CAUSE of stomach flu
in adults WORLDWIDE and I don't want to
brag, but T make cruise ships STAND STILL.

NOROVIRUS

Pleased to meet you. I work all over

the body. I can spread edsily and cause
SERIOUS ILINESS in some people. Heck,

in 2020 I made THE WORLD stand stilll

CORONAVIRUS

It looks
oddly familiar
though.

Thank you!
I've upgraded my
conversation-unit

just last week!

Grmbl.

Hold on.
I might have
an idea ...



So, in many of
our projects we use
laser beams to break
down complex mole-

cules inko smaller
pieces, right?

| am intrigued.

LiGNT SOURCE

We use a variety
of light sources such
as ullkraviolet, X-ray

or infrared lasers.

But how do
we make sure we
won't get hit by ran-
dom pieces, if that
thing blows up?

I am not comfortable

with the risk. On the other
hand: I am not comfortable

with being annihilated by
this ... THING either:

Maybe
lets ... vote or
something?

In the ldb, we do

FRAGMENTATiON READOUT

this to learn about
the molecules, their Ok, then.

movements and )
their structure. leks GO

We then detect and
measure all those

Once the laser
hits, the molecules

react to that boost  pieces carefully. The

of energy, some-
times by exploding
inko smaller pieces.

data helps us to
Jook' at tiny, in-
visible molecules.

I study explosion
patterns of molecules. If I
had some data on the anomaly,
maybe I could help predict the
number and trajectory of
the pieces?

Computer, can
you scan the ano-
maly for structural

information?

Negative. The data you
requested cannot be
obtained.

Oh no.

Should we
try to break
free by laser-

force?

Ves, Yeah.

Yes.

lets
DO this!

But HERE we
could illuminate the
anomaly and set us

free as it breaks
apart!

Ok then, Com-
puter, activate cali-
brating sequencel

With pleasure.
Please wait.

So00 ... are we
going to try any-
way? T mean, it

COULD work.

What could
possibly go
wrong, right?

Computer say,
can we shoot a high-
energy laser beam at

that monstrosity?

Calibrating weapon
systems - - Aligning target
array - - Acquiring firing po-

sition - - Firing position
acquired -- systems ready
for offensive.

Excellent! Forward all

awdilable energy to the

mdin wedpon systems
and ... FIRE!

Does it
work?

No idea.

AAAAAAAAAAAAAAAAAHHI

0Oh, absolutely. I'd Do you folks
suggest to hold on to mind if ... ['ve
something though. ALWAYS wanted
to do this.
Please.

Gosh,
I hope it
does.

Sure.

Stop firing! We are
NOT breaking freel We
are getting sucked
in FASTERI



Yes! And we can target
them at many different re-
solutions and scales. I look
into the electronic structure

of peptides.

Well, we study
biomolecules, mostly
peptides™, proteins,
protein complexes ...

Ok, think. Why
did we join the MS-
SPIDoc’s program? What
do we do best - like,
Whatever. at the core?

I focus on huge
complexes, built out
of many proteins,

looks like the anomaly
has been kept STABLE in the
cold vacuum of space. We must
have somehow ACTIVATED it
with all that excess energy!

Me too! T want to use simu-
lakions, machine learning and physical
computation to learn more about field
orientation in general, so we can make

smart decisions before we start
measuring ackual samples.

Actually ... weve
got EVERYTHING here
to get us through!

I run a lot of simulations,
I wanna learn as much as possible
about probe ORIENTATION from ex-
plosion patterns. Because it matters
if you want to take a good shot.

Estimated time
of first collision:
30 Earth minutes.

Changing their con-
formation, assembling,
disassembling ...

But we can't scan
them. How will we
fully understand, what
we can't measure? We're
trying to find a path
without coordinates!

You folks?

ookl Call me crazy, but these

things don't just LOOK like
proteins, they BEHAVE like

proteins as welll So, what if all of this

is not about DESTROYING but
about UNDERSTANDING their
movements dnd finding
a safe passage?

Thats rue. We can
OBSERVE and COMPARE
them though. Computer, do
you have dccess o bio-
molecule-databases?

And can you
simulate experimental
sekups by any chance?

Positive.

WHAT?I? Don't you
think this could have
been useful information
for us earlier??

Positive. You can use the
VR-stations on the lower deck.
If a setup exists on earth, it ex-
ists in our virtual environment.

I don’t THINK. And

you didn't ASK for it.

We got people, who have in-depth

experience With preparing proteins,

applying the analytics and explaining
the dynamics ...

Aaand I can volunteer as
pilot. Moving through space
and dodging big, dangerous

stuff is EXACTLY my jaml

.. and people, who can coordinate
and use the resulting data to predict
dynamics and reveal the safest path!

... people, who can build and tune ins-
truments and explain the readouts ...

Time to check
out the VR-stations
and gear up!

Gotcha. T'll make sure
your data ends up at the
right kind of instrument,

Come on, leks
see what the data-
base has to offerl

% Peptides are short protein chains. They serve many important functions in your body.



This part right in front of us re-
minds me of the replication super
complex of coronavirus proteins —
tightly tangled, like a ball of yarn.
Do we want to start there?

looks good to
me. let me check
the database.

Meanwhile on the lower deck:

I think we've
found it.

Cool. Who wants to
grab lunch if we get
out of this alive?

lets test
this little con- _ _ .
traption! Photo-Synapt Omnitrap-Orbitrap Spektrolatius
~click-
X 0‘1*" Combine the power of ion mobility One ion trap alone simply doesn't A modular, mobile and custom-ma-
Super\l‘(’ mass spectrometry (IM-MS) with in-  do the job? Why not use and com- de setup for your Near-Edge X-ray
frared (IR) action spectroscopy and/  pare two state of the art models? Absorption Mass Spectrometry
or UV photo-dissociation (UVPD). (NEXAMS).
Holy-Moly! Tandem-IMS-MS instrument 15T-Solarix
This is A-
MAZING!
Curious about (un)folding of pro- Multimodal fragmentation like no
teins? Try this cutting-edge lon-Mo- other! This platform offers electron
bility-Mass -Spectrometry-platform. based, collision induced and UV-
photo-dissociation.
We got
a match! i
We think we can H
uge
model these structures hous?
and test their behavior '
in the VR stationl
Hold up.
Sending " N‘O?VQEMS £c1n¥urms
over the da- its intact. Bu .he mass
ta, Hendrik. is enormous indeed.

Thanks. Data
looks clean. Forwarding
struckural matches to
the mainstream! Folks,

this is hugel

Gosh, I
would ope-
rate better
on coffee ...

* A capsid is a three-dimension

IM-MS drift times

suggest its spherical

and hollow. Could i
be ...

.. d viral capsid*?!
That's INSANE!

Ak this size, frag-
mentation is a tightrope
walk. Too soft, nothing happens.
Too hard, capsid confetti. Maybe
we can perform multi-modal
fragmentation?

True, but the read-
outs all confirm its a

Some peaks are
misbehaving. Hendrik
can you check in?

for Laisl

al shell around a virus, made from proteins. Ik encloses the viral genetic material.

capsid, not a single pro-
tein. Now lets create a life
map of all safe corridors

let's turn the drift-
times into structure then.
Oh, T wonder why (DMS*
is not running yet?

Yeees, full 3D
capsid struckure map-
ped. Lais, ready for a

tango in space?

You betl Wouw,
we redlly nailed it.
Every subunit, every
interface, every
loop. lets gd

Wobble.

% Charge Detection-MS is used to gather exack
mass information about single particles.

(DMS directly measures the
exack mass AND charge of indi-
vidual particles. Its super accurate,
even with HUGE molecules. We need
to figure it out first. I don't think
weve done this before.

Copy.
T'll get
onto it!

looks like the
calibration is off. leks
re-calibrate it to fix

the resolution.

large-complex models
ready, pushing them through.
lets keep it precise, no short-
cuts everybody!

Stitching everything
together ... wait, did we
already overlay the HDX-

data™*? Nevermind, I'll do
it again, just to be sure.

Fine-structure data
synced! The coordinates
dre coming your way,

Galaxy!
Visualisation
succesful.
Data received,
predictions updating.
Oh, shoot ...
. Yeah. This is
I cant belieye a SPIDoc’s record. Amazing!
we DID this! We have to cele- So whats next?
brate this later
i
WORKED!
Ok ... the pink

one over there looks
a lot like the P-dimer
from Norovirus,
doesn't it?

CRuNcH,

%% Hydrogen/Deuterium-Exchange-MS is used to examine protein-protein interactions. DigDig and DeutEX
are software tools for analysing HDX data, developed by an academic lab in Prague (peterslab.org).



Congratulations
SPIDocs-Trainees!

Behind the scenes of
Training the Next Generation

This comic would not have been possible without the people working
behind the scenes: meeting, planning and pouring every ounce of skill
and imagination inko the story of 10 young scientists lost in spacel

LORENZA DALESSANDRO is a biologist.
Currently she works as project manager
of SPIDoc’s, coordinating the training
programme and all activities within the

CHARIOTTE UETRECHT is a structural virologist
and group leader at University of lubeck. She
is coordinator of SPIDoc’s (and previously MS
SPIDOQ) and had the original idea merging
MS and X-rays to image viruses.

VERO MISCHITZ is a biologist and currently
works as freelance comic artist, author and
university leckurer on visual science communi-
cation and scientific storytelling. She created

Huh? v for-
You mastered the our perror
first simulation run mance was truly
with bravour! We did Impressive.
what ...?
Successful teams evolve and grow by the joint
effort to overcome challenges. You have more ,
than proven your potential. Steet! We couldn't let
you in on our plans.
Hopefully, it wasnt Welll it was
Time ko too stressful. qui.ke an ex-
dress up. perience, eh?
Just imagine what you could contribute to improving
our global pandemic response, once youve figured out
how to put together the bigger puzzles over time!
But its good to be back So heres to the
in the realgworld - with redl first day of training Hear siw{fﬂgglgn[:ikgafh;s
lab-instruments, real proteins, the Next Generation of Hear in real life, huh?

that are not so deadly... SPIDoc scientists!
most of the time.

doctoral network. this comic.

About SPIDoc’s Training the Next Generation

SPIDoc’s is an interdisciplinary and intersectoral doctoral network bringing together seven beneficiaries,
seven associated partners, two associated partners linked to a beneficiary, three of which are industrial
leaders, and most importantly the ten doctoral candidates.

The network delivers a tailored training programme designed to equip the next generation of scientists
with advanced expertise in gas-phase structures of ions, light-matter interactions, and mass spectro-
metry innovation. SPIDoc’s drives the development of mass spectrometry components optimized for

large viral assemblies, adapting the MS SPIDOC design into a versatile toolkit for diverse light sources

and applications.

By integrating mass spectrometry and advanced light-based techniques, SPIDoc’s enables structural in-
vestigations of virus-ligand and virus—host interactions across multiple size and time scales, from local
electronic transitions to viral particles. The engagement and collaboration among all partners are well
established and based on the previous MS SPIDOC project (H2020, FETOPEN-01-2016-2017), see our
first comic Norovirus Superstar (DOI: https://doi.org/10.22003/XFEL.EU-COMIC-2021-001-EN).

More information about the EU-project SPIDoc‘s: www.ms-spidoc.eu

PROJECT FUNDING

SPIDoc’s — The next generation MS SPIDoc’s
Marie Sktodowska Curie Action program HO-
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Even though holodeck-simulations and spaceship travels are reserved for sci-fi stories
until further notice, SPIDoc's has some pretty cool tech going on already. Come check
it out online and watch them build a molecular story together - one ion at a time.

The End?
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