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What's new

Still some seats available
for advanced genomeDK
10th april

Lots of seats for pipeline
building (some python +
bash) 4th june



SCproteomics
From transcription to translation

=ingle-cell RNA-560 Single-cell proteomics
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Translation

Ribosome

tRNA from the
cytosol, carrying
amino acids.

tRNA released GLY

after amino Growing

acid removed polypeptide
chain

The translation process incorporates 20 different amino acids

in the precise sequence dictated by the three-base codons

built from and alphabet of four bases. The process in the ribosome
builds the polypeptide chains tha will become proteins.




Protein composition
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A lot of proteins!

A Marchetti et al. Nature 000, 1-4 (2008)
doi:10.1038/nature07539



Protein/peptide isolation

Challenge:

Nat Chem Biol 5:774-7 (2009)

ISolate proteins to detect the
distinct chemical structures

Note: there is no PCR here
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Protein/peptide isolation
Fluidic isolation

- fecovers some | il
. ﬁ YOOMIRN 72 O A\ n N
peptldes Al Mt 23} »*‘Msl‘ A m‘ﬂ -

- new associations
to stabilize peptides
(e.g. hydrophobic
bonds)

. ’leavy bOndS W| ” * Protein’s will associate to stabilise their structure.
e |OS'[ by preci * Aggregate and precipitate.
pitation

Matt Padula



Protein/peptide Isolation
Fluidic isolation

- centrifugation recovers
more peptides

- a chromatograph
can separate them

- specific liquid solutions
reduce the precipitation
loss further by avoiding
bonds (e.g. hydrophobic)

Matt Padula



Mass Spectrometry rationale
Mass Is important GluFibrinopeptide. - - ;g;;:';mie;fgﬂltf;s .

- elements in the periodic
table have unigue mass

- their compounds also do,
iIncluding peptides

- We cannot calculate the
mass of peptides when
we do not know the
sequence

Matt Padula



Mass Spectrometry

- We Charge High vacuum (10 torr)
our particles
lon source. Mass filter. Detector.
Time-of-Flight.
Volatile gas. Quadrupole. Multi-Channel Plate.
- We m ake th e m g O Electrospray. lon Trap. lon Cyclotron.

MALDI Hybrids.

through a dedicated
device

(e.g. a Time Of Flight
device)

Generate ions Measure ions Detect ions
1. solanir RT:0.10-087 M/ 22% NL 21184

-  We measure their
NERS

Matt Padula



Mass Spectrometry

* Time of Flight: The time it takes an ion to go from ion
source to detector is directly related to it’s mass.
— Heavier particles reach lower speeds.

Source Drift tube Detector

Time start ) o
Time Finish

. f 2Xeher <
velocity= ki) O AUt _IONEN _ s gk |0
mass velocity 2 X energy



Mass Spectrometry

* But, in a more complex mixture of peptides from
different protein isoforms, isobaric peptides exist.

EGVNDNEEGFFSAR

1570 Da

RASFFGEENDNVGE

* Same mass, but different structure.

* Measuring intact mass doesn’t reveal isomers.

http://vwew.tulane.edu/~biochem/WW/PepDraw/index.htm|




Mass Spectrometry

* Break molecule into smaller pieces and measure
their masses.

EGVNDNEEGFFSAR

:{k/\(rk/t(ﬁ %lng *&?‘

536 Da 1059 Da
RASFFGEENDNVGE
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626 Da 969 Da



Mass Spectrometry

The MS  scans
continuously {o]
Intact peptide Ions,

selecting one of [E .
those ions, | ,’ i 9
fragmenting it, and | ' I N
measuring the mass R 1111 IS
of each fragment O AR

MS/MS time (scap #)

Luis Mendoza, Institute for Systems Biology



Mass Spectrometry

+TOF Product (785.9): Exp 2, 17 586 min from Sample 1 {GluFib2) of GluFib2.wiff Max. 210 9 counts.

The compound
sequence is not known,
but can be built back by
putting together peaks
which difference is the
mass of an aminoacid.

£ GFFSAR

= EGFFSAR

Various software do that
(e.g. MaxQuant)

£ EEGFFSAR
% NDNEEGFFSAR

5 NEEGFFSAR

= DNEEGFFSAR




Single Cell Mass Spectrometry
SCoPE2 technology

Biological experiment and cell isolation Sample preparation LC-MS/MS and data analysis

Use mPOP or nPOP

M h s
acrophages uamy Sah Barcode Barcoded peptides Quantitation Optimization

at rest = X ® Lysis Digest
o Small samples € : ms' . -- <«— DO-MS
/ e.g., single cells : g4 : | | Isolate and | 4

Immune response Single-cell —>» MaxQuant
stimulation suspension —> Refersenal—zl v

: - e.g., 5 cells \ : ; !
Macrophages AR and isolation g e < - HEH B : DART-ID
- - o | 11 | ¢

activated 70 Sarrier — -
. e, [
XU re\.- Barcodes Peptide fragments Data

Abundance

Cells isolation and spiking of Barcoding with TMT (Tandem Mass Tags) to
carrier bulk of peptides, Wh'Ch recognize cells and normalize intensity signals.
increases the amount of peptides. 15y 0Ouant + DO-MS, DART-ID for peptides
The carrier will be later removed and protein ID.

under demultiplexing.



Single Cell Mass Spectrometry
Multilayered data format

Spectra (m/z) Peptides Proteins



Single Cell Mass Spectrometry
Multilayered data format

Needs for storing
all steps from raw
output of MS to proteins

Spectra (m/z) Peptides Proteins



Single Cell Mass Spectrometry
Multilayered data format

Coreatures

PSM data Peptide data Protein data Sample
metadata

|-—>‘___I

I

colData
rows = features

assay = SingleCellExperiment columns =cells | rows = cells

QFeatures: reuses the singlecellexperiment format to include all the
protein information



Single Cell Mass Spectrometry
References/Links

Slavov Lab (SCoPE technology)

SCoPE Paper

SCoPEZ2 Paper and Webpage

SPDB Database Paper and Webpage

WetLab-side review

DryLab-side review


https://slavovlab.net/index.html
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-018-1547-5
https://www.nature.com/articles/s41596-021-00616-z
https://scope2.slavovlab.net/
https://academic.oup.com/nar/article/52/D1/D562/7416372
https://scproteomicsdb.com/
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/pmic.202400021
https://pmc.ncbi.nlm.nih.gov/articles/PMC10621466/

Tutorial and open coding

At our home https://abc.au.dk/Documentation you can find

SCP tutorial on single cell proteomics data
Previous tutorials + 1 conference workshop

Or you can code and ask for help or generic coding/bioinf/data science
guestions

And have cake



https://abc.au.dk/Documentation.html
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