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Proteomic MS applications
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Assessment of products of synthesis

MALDI-MS
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Assessment of reaction course C7250

Modified BSA vs. std. BSA (= 5 pmol)

MALDI - MS
1400
mass diff. cca 3 kDa
1200 ‘
|
1000
|
| MW (adukt) =250
800 l
‘\
600 .
| Number of binded molecules
1
400 “‘ }~ U“‘l N - 12
il }'d ‘h“
M‘ "J;,W;‘ i
200 * " ‘ 7 W\‘\ ”AW\#\“ | !
fMW W \WMN W“ \W‘M“ ” J‘ Wl l‘” “ \ﬁ “ uﬁ 'U 1 i “ ! “I‘y‘\‘\““u‘l i
0
20000 40000 60000 80000 100000 120000 140000 mz

/ D=/ Dat a/ Zbynek/ 020205/ BSA/ 2Li n/ pdat a/ 1 Admi ni strat or Fri Feb 22 13:59:04 2002




,» Evolution is strictly prohibited in this district

_h

¥ tomto okrese je oy

EVOLUCE
risnE

ZAKAZANA

Vyhlitha &. B




C7250
MALDI-MS profiling

Identification of microorganisms by MALDI-MS

8.
R

peptidelprotein\A
extraction l L

MALDI MS
(3 - 20 kDa) \

[ |
microorganism identification % PCA analysis

taxonomy database of MALDI-MS profiles




MALDI-MS spectra (profiles) of selected bacteria C7250
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C7250
Graphical expression of MALDI-MS bacteria profile similarity

I - Staphylococcus saprophyticus CCM 3317 CCM |
4 i J
e . . | |
identification based on comparison of measured profile with database profile s .
o n J
Detected Species | La... | P
0 Brachyspira murdochii DSM 12563T DEM 2.267
a #zoarcus indigens YWE3Z MPE 1.164
a Paenibacillus polyvryxa D5t 741 DEM 1.127
o Lactobacillus antri 05M 16041 T DEM 1.122
0 Sphingobacterium spiritivorum DEM 11722T HAM 1.070 M
a Staphylococcus schigiferi ssp schleiferi D3M 4509 .., 1.063 M
@ Azoarcus sp BH7Z MPE 1.053 "
a Acidovarax avenae ssp avenae DSM FZ27T HAM 1.015
o Streptococcus salivarios IBS_MS_23 IBS 1.009
o Bacteroides fragilis ME_2009_05 THL 1.006 'CM
[CM
@ validated method in clinical practise CM
CCM
CCM

Campylobacter fetus subsp fetus CCM 5683 CCM
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L. Tvrzova, A. Teshim, 1. Sedlacek, A. Vordé, O. Sedo,, A. Kostrzewa, T. Meier
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MALDI-MS profiling of beer
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cooperation with FCH BUT Brno
prof. Marova

Brewery
Brewery
Brewery
Brewery
Brewery
Brewery
Brewery
Brewery

1000 900 800 700 600 500 400 300 200 100
Distance Level

N NN NN WWWWWw

C7250

bottle
bottle
bottle
bottle
bottle
bottle
bottle
bottle
bottle
bottle

W P VT ENNERENWDPDUWV




Z. merlijni

MSP Dendrogram

C7250

evolution of food specialisation in spiders
species adaptations
ant-eating spiders
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cooperation with prof. Pekar, FS MU
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Pekar S. et al., J. Anim. Ecol., 81 (4), 838-848 (2012)
Bocanek O. et al., Toxicon, 133, 18-25 (2017) 10
Pekar S. et al. Mol. Ecol., 27 (4), 1053-1064 (2018)




MALDI-MS profiling—early detection of diseases  C7250
W (peptide profiling, pattern profiling)

R O Lo

Z

no or minimal MALDI MS, SELDI MS profile analysis
sample prep (3 - 20 kDa)
(ionex, IMAC, affinity

sorbents)

Step 1 Discovery Step 2: Evaluation Step 3: Class Predietion

Training data | . Test data J Unknown samples
L : §




# of People

J. LaBaer et al., J. Proteome Res., 4 (4) 1053-1059 (2005).

Uncertain

X Normal X

iseaseClearly
Disease

Test Value ——

C7250

[ ]
.
.-tt'::-.'ttn
L

- 3
se® Eate,
e dnne,.”
- .

nofmal

M. Ehmann et al., Pancreas, 34 (2) 205-214 (2007).




C7250

MS-based approaches for biomarker searching

direct MS analysis biomarker identification
\ (MALDI MS, SELDI MS) o
.
N Separation
Pattern profiling / GE. LC
* o
comparison of peptide (p’ro ein) profile of comparison of protein (peptide) content of
sample ,,heafth “vs. patient sample ,,healthy* vs patient
(bez identiﬁkace,&stické analyza)
4 .
/ MS
\ MS/MS
.
.
/ \ identification of differentialy regulated
. proteins
< ' 1l
4 s " specific antibody
‘ biomarker specifity!!! ‘ Immunodetection

SRM, SWATH/Protein arrays




N-Glycan profiling of lung adenocarcinoma in patients
at different stages of disease

v Detail of MALDI-MS spectra
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C7250

Relative quantification by MS

# isotopically labeled tag approaches

(comparison of limited number of samples, up to 10) protein quantification

replica 1

100%_
replica 2

replica 3

#% label-free approaches
(comparison of unlimited number of samples, lower accuracy)

Targeted quantification of selected proteins by MS
#% MRM (SRM), PRM
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Characterization of proteome changes

differential (expression) proteomics
image analysis of 2-D gels
LC-MS/MS of selected spots with different intensity
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Acidithiobacilus ferrooxidans grown on ferrous iron (A) and elemental sulfur (B)

cooperation with Department of Biochemistry, FS MU
P. Bouchal et al., Proteomics 2006, 6, 4278-4285.




Search for marker proteins for chicken salmonella infection
relative quantification

) e § ) we §
control infected
l gut wall sample l
protein isolates
l tryptic digestion l

reductive alkylation

LC-MS/MS
data processing

C7250




C7250

@ identification more than 2300 protein
@ quantification for more than 1900

clarifying of mechanisms of molecular processes

search for marker proteins for early detection

!

confirmation by real-time PCR

cooperation with VRI Brno
Matulova M. et al., Vet. Res., 44:37 (2013)




Characterization of the extent and dynamics of translational regulation
during tobacco male gametophyte development and the subsequent
functional progamic phase

Tobacco pollen development and progamic phase

Microspore Jllv,..J eflufar  Lat ellular ature polie
the three types of mMRNA-containing ribonucleoprotein particles: (@ =
« POL - translating polysomes Subcellular fractionation
« RNP - free ribonuclear particles e s |
* EPP - long-term storage EDTA/puromycin-resistant particles " .5 - '
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0.000g 3:20
00,000g 16
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* 9317 protein groups identified across all samples and replicates

six developmental stages

L

[IIJ 3200

* 2,089 for quantitative analyses (only proteins identified by five or more
peptides in all biological and technical replicates of the particular sample
were considered as reliably present).

cRNA synthesis and | Trypsin digestion and

array hybridization gel-free LC MS/MS

Agilent 44K Ganome Array | Crbitrap Elite hybeid spectrometar
Hafidh S. et al., Plant Physiol., 178 (1), 258-282 (2018) U IVOIYRE [Eathon 3 bt anasysis | B sl AR
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Characterization of the extent and dynamics of translational regulation
during tobacco male gametophyte development and the subsequent
functional progamic phase

(4
Mature pollen
D
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24h pollen ubes
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(1,728)

'
4h pollen tubes
{1,605)

Dynamics of seven protein groups associated with PABPs
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The quantitative and condition-dependent Escherichia coli proteome

22 different growth conditions in biological triplicates.

(i)  growth on minimal media with an excess of different carbon and energy sources
(i) growth in glucose-limited chemostat cultures with varying growth rates,

(iii) growth on glucose excess with different stress conditions,

(iv) growth on complex medium, and

(v) 1 and 3 d into stationary phase.

Cell lysis, protein extraction and digestion
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cellular protein concentrations
for 55% of predicted E. coli | | .
Step 1: generation of Step 2: absolute protein Step 3: determination of cell
genes (>2 ; 300 protei nS) quantitative proteome maps quantification using SRM and SID numbers by flow cytometry
41 proteins related to glycolytic pathway, o = i 9 : _c, >
tricarboxylic acid cycle enzymes and others te s dmas
was selected to absolute quantification 3 log fluorescence
LC-MS/MS —]
The concentration range of the 41 proteins o — |
covered more than four orders of Lanecea pmiton abundances |

miz

magnitudes ranging from around
92,000 to only 2 copies per cell.

BAQ index

Protein abundance

Schmidt A., Nature Biotechnol., 34 (2016), 104 — 110




C7250
Comparison of human cancer cell line proteome and transcriptome
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N. Nagaraj et al., Mol. Syst. Biol., 7, 548 (2011).







Targeted analysis of selected protein/PTM

C7250

Schematic workflow of a constrained SRM assay

Step 1

l Protein extrac.tioﬂJ

L

Protein enrichment
low abundant protein

k.
Digestion
Trypsin, Lys-C, eic

Step 2

P
L L 3
- o
L " x

. nthetic'3C'5N-pepti
= n Synthetic'C peptides

MS parameter optimization

SRM, MS?® quantification

Step1: 1. Biological samples include body fluids (such as blood or saliva), cell lysate, and tissue. 2. PTM proteins and
protein isoforms are extracted from cell lysate and tissue. 3. Protein enrichment methods are applied for less abundant
proteins. 4. PTMs and protein isoforms are digested by enzymes, including trypsin, Lys-C, etc. 5. After digestion, modified,
unmodified peptides, and peptides representing the whole protein are selected.

Step2: 1. Isotope-labeled peptides are synthesized to serve as internal standards for the post-translationally modified
peptides, unmodified peptides, and peptides representing the whole protein. 2. Mass spectrometer parameters are
optimized by using the synthetic peptides. 3. Isotopic labeled peptides are internal standards and spiked in the samples.

PTMs and isoforms are quantified by SRM or MS3 assay.

Liu X., et al., Methods 61 (2013) 304-312




Targeted analysis of selected protein/PTM

IADPEHDHTGFLTEYVATR

IADPEHDHTGFLTEYVATR — 2x Phospho

SRM

C7250
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SRM and western blot assays show a similar time-course of Erk1 phosphorylation in

response to EGF.
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Liu X, et al., Methods 61 (2013) 304-312
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C7250
Phosphoproteome analysis — four fractionation approaches

A

Hela cell protein extraction and trypsin digestion

(totally 40mg peptides)

|

Phosphopeptides enrichment by IMAC
{one fourth of phosphopeptides for each workflow)

S el A S §

Phosphopeptides
separation by SCX

Phosphopeptides
separation by HILIC

Phosphopeptides

separation by ERLICnhV

Phosphopeptides

separation by ERLIC-V

|

|

Collect fractions

Collect fractions

|

Collect fractions

|

|

RPLC-ESIHSMS

RPLC-ESIHVSMS

|

RPLC-ESIHVISMS

|

Collect fractions

|

RPLCESHISMS

ERLIC - Electrostatic Repulsion-Hydrophilic Interaction Chromatography

Chen et al., J. Chromatogr. B, 879, 25 (2011)




Phosphoproteome analysis — four fractionation approaches C7250

HILIC W rs
pT
B6.46% BE.BT%
(3901) '1294%  (3923) | 12.67% B pY
| (584) ! (572)
0.6% 0.47%
2n {21)
ERLIC-nV ERLIC‘.-'ib‘r
85.26% B5.16%
{45911 13.82% {ma; 14 22%
.‘?J..l‘. [E!‘IBI
0.63%
t&m {3,;,}
8042 (84.95%) ) A sCX

| 1240 (14.26%)
Y

72 (0.76%)

| HILIC
B ERLIC-nV
ERLIC-V

Each method — over 4000 phoshopeptides
In total — 9069 phosphopeptides — 9463 sites / 3260 proteins

Chen et al., J. Chromatogr. B, 879, 25 (2011)




Phosphoproteome analysis— quality and quantity C7250

P 1h PM Gh PM 24h

Porcine muscle aa ad
=g -a oo
Postmortem changes Py e

Protein dipestion and dimethyl labeling

l | !

Light el Heavy

\\ Mixed 1:1:1 //
S J o

160 phosphoproteins with 784 sites

Z identified
iiihonnd _f_‘fzj*‘_’?”?*“"ﬁ'”“‘f' 184 phosphorylation sites on 93
= inclaoeitites proteins had their phosphorylation
| levels significantly changed.
SIMAC
Non-phasphorylated 7 T—__Basic elution
peptides Acid elution and . @
L TiO, chromatography p .
HILIC and LC-MS/MS p p Pp p
p Multi-phosphopeptides
. ‘l Mono-phosphopeptides LC-MS/MS

HILIC and L.E-MSIM 5

Huang et al., J. Proteomics, 106, 125 (2014)
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Phosphoproteome analysis— quality

Comparison of identified peptides in replicas

Number of identified B e Number of Identified
phosphopeptides peptides and proteins
2000
u Replicate 2
= Overlapped il & Phosphorylated
= Replicate 1 ® Overlapped
® Non phosphorylated
10500 -
“ "
| i | —H—
Mono-phosphopeptides  Multi-phosphopeptides Peptides Proteins

Huang et al., J. Proteomics, 106, 125 (2014)




CGO010
Phosphoproteome analysis

Olsen J.V. et al., Sci. Signal., 3 (104) ra3 (2010)

@ quantified 6027 proteins
@ quantified 20,443 unique phosphorylation sites

Regulated M phase Regulated S phase
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Ribosome biogenesis = Matabolic processes

b Immune response
RNA elongation

Cytokinesis
L=
Actin cytoskeletal

Macromolecular
I~ biosynthesis
Amino acid
5 biosynthesis

DMA replication
Chromosome condensation
=

- HELA cells
- SILAC labeling

- TiO, enrichment
- LC-MS/MS (Orbitrap)

Anti-apoptosis

= Muclear Export
Nuclear transport
RMNA export

DMA processing
»=DNA damage response
Stress response

Endosome transport
[~ RNA splicing/processing

Gene Ontology biological process

I

a

Cell cycle

Protein ubiquitination

M phase

™ Mitosis

Regulation of metabolic
processes

I

|- Ribosome bicgenesis

The panels show the phenotypic phosphoproteome comparison organized by GO biological process for
mitotic (left) and S phase (right) cells. Proteins involved in metabolic processes have high-occupancy
phosphorylation sites during mitosis, but low-occupancy sites during S phase (color scale: yellow, high
overrepresentation; dark blue, high underrepresentation).
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Characterization of effect of histone deacetylase inhibitors

to establish a set of methods

- HDAC Fluorimetric Cellular Activity Assay Kit
- MALDI-MS of N-terminal part of histones (after Glu-C digestion)
- AUT-AU 2-D GE combined with LC-MS/MS analysis

C7250

Total HDAC inhibiton effect

Valproic acid
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Cinéarové et al, Mol. Biosyst. (2012)




Characterization of effect of histone deacetylase inhibitors

C7250

MALDI-MS of Histone H4 acetylated forms
N-terminal fragment (1-53 AA)

control Valproic acid Entinostat
3 8000 3 8000 B 5 8000
ul S, s, B
0 g g
eoo) 5 6000 £ 6000
£ E E
B C
4000 4000 4000-
A
D
2000 C 2000 2000-
0 0 U 2
5775 5825 5875 6925 5975 5775 5825 5875 5025 5075 5775 5825 5875 5925 5975,

A—-E 0+ 4 acetylations




Characterization of effect of histone deacetylase inhibitors

C7250




Characterization of Post-Translational Modifications of Histones

erivatization jvatization

histone extraction
' at protein level

TCA precipita

e.g. in Sidoli S. et al., J. Vis. Exp. 111:e54112 (2016).

37




C7250
Filter-Aided Sample Preparation Procedure for Mass Spectrometric

Analysis of Plant Histones

b [Hist clers <w RTRT
iz human histone extract after TCA precipitation re-

dissolved in MilliQ water

human recombinant histone standards

A. thaliana histone extract after TCA precipitation
re-dissolved in SDS

A. thaliana histone extract after TCA precipitation
re-dissolved in MilliQ water

A. thaliana histone extract in sulfuric acid diluted
in MilliQ water

i t 1 14 4 : i . 1) i . 111 ! = 4

38
Ledvinova D.. et al, Front. Plant Sci., 9, article 1373 (2018)




Filter-Aided Sample Preparation Procedure for Mass Spectrometric

| Percoll-based nuclei isolation

Il. Histona extraction mbe sutfunc scid |

llla. PROP-in-S0L {2x)

filb, PROPon-FILTER (24)

IV, Pratain digestion on filter uni
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Wi LG-MSMS

Wil Higlome FTM charactarization

Analysis of Plant Histones
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C7250
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Ledvinova D.. et al, Front. Plant Sci., 9, article 1373 (2018)




Inter-individual variations of Histone Modification Patterns

C7250

cooperation with Prof. Fajkus group, CEITEC-MU

two Arabidopsis thaliana ecotypes Columbia 0 (Col-0) and Wassilewskija (Ws)

grown from seeds collected from a single parent plant (Single) and a set of parent plants (Mixed).

Log2 Peplide Area

32 -

28

24

Histone H3
mixed single Col-0 Ws
a2 -
i 5= 5eg P=0051 g 30 | peo.oss e "
=) 653 e 5
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. T 2 28 —9 T
| Kind of Fold-change
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x E e - e
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3 b & B
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Singe Biclogical | 15 0 8 B
Techrecal i 1 i0

Numbers of plants and repaated analyses of sach plant using LC-MSMS nesded
to gatect 1.5-, 1.75-, and 2-foid changes I protain sbundance wih 95%
confidance and 80% powsar ane showrn.

40
Brabencova S. et al, Front. Plant Sci., 8, article 2084 (2017)




Improvement of separation of histone peptide modified forms
novel derivatization agent
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Relative abundance of peptide forms [36]
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Assessment of effect of histone deacetylase inhibitors
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Kucharikova et al, Mol. Cell. Proteomics, 20, 100114 (2021)

HDAC inhibitors — potential for cancer treatment
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Multi-level proteomics reveals host-perturbation strategies of
SARS-CoV-2 and SARS-CoV

SﬁRS-CUV-Z _ identified regulated
JDF [A549 cells time (h)
TO NG, 36 12 18 24 30 13472 509 genes
20 Transcriptome
> mock
D N/NSP8/S 7462 1053 proteins
1% moi 3
- N Proteome
Py NSP8 :
7)) 1018 g 4659 884 sites
= . GG enrichment
o 5 Ubiquitinome
N
® ol 11847 1483 sites
E TiO, enrichment
o Phosphoproteome 2
Z x10°

(a)Time-resolved profiling of SARSCoV-2 infection by multiple -omics methods. The plot shows
normalized MS intensities of three SARS-CoV-2 viral proteins over time and overview of identified
and regulated distinct transcripts, proteins, ubiquitination and phosphorylation sites, using data
independent (DIA) or dependent (DDA) acquisition methods

Stukalov A. et al., bioRxiv: https://doi.org/10.1101/2020.06.17.156455
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Charakterization of protein complexes

functional proteomics

@ > 80% proteins 1s functional only as a part of complex

@ ~ 10000 types of interactions
Aloy P, Russell R. B.: Nat. Biotechnol. 22 (10), 1317-1321 (2004)

@ search for new intraction partners
@ study of ,whole” complex

T

complex
purification ‘ q q
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Purification of protein complexes

in vivo expression of bait protein with a tag

a Immunochemical purification
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T Kocher, G. Superti-Furga: Nat. Methods, 4(10), 807-815 (2007).
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MS capabilities in protein complex analysis

identification of individual complex members including their PTMs
confirmation of interaction partners (exclusion of nonspecific interactors)
determination of complex stoichiometry

determination of 3D structure of complex (cross-linking)

Module 74
MNpl3

Qﬂbcz

A N Tinees2
o 8 b Sy
- :"" Nab3 ‘Nrd 1 &

Module <D “Core 64 O PRl N O
Rnt1 Srog I\EF:FH Lhp O Cdc33
Module 35

Gavin A.-C. et al.: Nature, 440 (30), 631-636.
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Identification of individual interaction partners

ctrl

complex

|

digestion in gel

) LC-MSMS

ctrl complex

il

N

sample prep

Vo

digestion in solution

Voo

LC-MSMS

possibility to label samples by tags for relative quantification
and to pool the samples for further processing
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Confirmation of true interaction partners
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Enzyme-catalyzed proximity labeling

BiolD

unique method to screen for physiologically relevant protein interactions
that occur in living cells.

Enzyme - BirA - the biotin protein ligase - of Escherichia coli
biotinylates only a single cellular protein.

a mutant BirA attaches biotin to a large number of cellular
proteins in vivo

Choi-Rhee E, Schulman H, Cronan JE. Protein Sci. 2004;13(11):3043-50




Enzyme-catalyzed proximity labeling

BiolD

The ligase is fused to a protein of interest and expressed in cells, where it
biotinylates proximal endogenous proteins.

Biotinylation 1s a rare protein modification in nature, it enables selective
1solation and identification with standard biotin-affinity capture.

Proteins identified by BioID are candidate interactors for the protein of interest.

BioID can be applied to insoluble proteins, can identify weak and/or transient
interactions, and is amenable to temporal regulation.

Initially applied to mammalian cells, BioID has potential application in a variety
of cell types from diverse species.

Roux KJ, Kim DI, Burke B. Curr Protoc Protein Sci. 2013;74:Unit 19 23.




Enzyme-catalyzed proximity labeling

BiolD

d BirA*fusion protein Non-proximal proteins Interacting/proximal proteins

SDS-denatured proteins

I I Cell lysis and
Biotin ® solubilization \
B e

5
A~

l Biotin affinity

o capture
Reactive bioAMP

Identification of biotinylated - "\3 \

proteins by mass spectrometry 2

Roux KJ, Kim DI, Raida M, Burke B. J Cell Biol. 2012;196(6):801-10




TurbolD (35 kD) ﬂ”p

Enzyme-catalyzed proximity labeling

TurbolD/miniTurbo

* multiply mutated BirA
* higher efficiency of labeling than BioID or BioID2
* faster kinetics

o
S

10 [ -iotin 10 min 1 hr 6 hr o 18 hr

M
o

r
o

to ligase expression level
o =1
o w

n

miniTurbo (28 kD)

Relative biotinylation activity, normalized

o

Branon T., C. et al., Nat Biotechnol. 2018 October ; 36(9): 880—887
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C7250
Sequence confirmation and determination of OBP protein isoforms
de novo sequencing

% saliva
% 2D gel electrophoresis
% MS/MS of selected spots

Myodes glareolus r

@ unknown genome o
@ no antibodies

cooperation with prof. Stopka FS CU, Prague i
Stopkova R., Zdrahal Z., Ryba S. et al, BMC Genomics 2010, 11:45
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Sequence confirmation and determination of OBP protein isoforms

RNA analysis proteomic analysis
(FS CU Prague) (FS CU/Proteomics CF)

protein isolation
2D GE

in-gel digestion
MALDI-MS/MS

de novo
corrected AA sequence
(Blast, new proteins)
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Sequence confirmation and determination of OBP protein isoforms

MALDI-MS/MS a LC-MS/MS
manual spectra interpretation

original sequence - QAELEGKWVTTAIAADNIDTIEEEGPMR (OBP3)
DAELEGTWYTTAIAADNVDTIEEEGPLR
HAELEGTWYTTAIAADNVDTIEEEGPLR
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M) Imaging
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MALDI-MS imaging

samples:
B fresh frozen tissue sections

B individual cells or clusters of cells isolated by
laser-capture microdissection or contact blotting
of a tissue on a membrane target.

MS analysis
F scanning of sample area point by point

F 1mage corresponds to planar distribution of individual m/z
II‘ distribution of peptides (proteins, lipids,...)
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MALDI-MS imaging

Frozen Szeton M5 Images

’
L

A,
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- Lasel
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Ma=ss Spectrometar

K B e

Figure 3. Meurotensin was added to the ink of a printer. The
mass spectrometry image fal (100 = 50 pixels, 3 1.5 mm) ob-
tained of the protonated neurotemsin peak matches with the
optical image (b},

M. Stoeckli, T.B. Farmer, R.M. Caprioli: J Am Soc Mass Spectrom, 10, 67-71 (1999)




MALDI-MS imaging

100 o Cerebral cortex Corpus callosum
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Figure 8. [MS analysis of a 12-um coronal mouse brain section. {a) Photomicrograph of a Cresyl Violet-stained section showing different
anatomic brain substructures. (b) MALDI-MS protein profile obtained after homogeneous matrix deposition averaging all of the individual spectra
acquired from the section. (c—qg) lon density maps obtained at different miz values with an imaging resolution of 100 am. The ion density maps
are depicted as pseudocolor images with white representing the highest protein concentration and black the lowest.

Chaurand ef al:Anal. Chem.2004, 76,1145-1155
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Degradation of Ang III and Ang-(1-7) in mouse kidney sections.

Ang lll degradation

Grobe N. et al, Am. J. Physiol. Endocrinol. Metab., 302 (8), E1016 (2012)




Spatial OMx Workflow

SpatialOMx is the combination of using MALDI Imaging and ESI to unlock a 5th dimension and show
the distribution of target compounds. On the timsTOF fleX, use the MALDI source to map the distri-
bution of molecules in your sample and identify regions of interest. After extracting and preparing the
sample for LCMS, use the ESI source for the highest level of identifications

PEAKS Database Search Results
5,091

®
4862 ~

./

/
BEHS//
An average cell measures approximately 10 um in diameter. Using MALDI guided laser microdis-
section (LCM) for example, a 50 um LCM tissue section will contain roughly 25 cells; enough for
bottom-up proteomics analysis on the timsl OF fleX. One instrument that gives you the capability to
do both - high spatial resolution, high speed MALDI and high sensitivity ESI| analysis.

50,000

ROl Selection

DI

Image Analysis

bruker.com
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Clinical samples =——
Antibody 1

involvement

Biomarker discovery: shotgun
proteomics (<10 s samples)

-

l 100-1000s proteins

Biomaiker selection:
statistics and literature
1-10s candidates

ELISA verification
(10-100 s samples)

Exploratory studies
and literature

10-100 candidates —

Assay retrieval from mass
spectrometric maps

Clinical samples
o

Peptide antibody
enrichment or not

Multiplex SRM measurements
(10-100 s samples)

Unsalisfied

Results
' Good

Validation publication

Unsatisfied

Results
1 Good

Validation publication

Clinical samples
(10100 s)

|

Y

Acquisition of SWATH

diaital mans
digital maps

L

Biomarker selection:
interests and literature

Assay retrie\.:aj from mass

spectrometric maps
Targeted extraction
and siatistics

Unsatisfied
Mass spectrometry
involvement

Hegi.llts
i Good

Validation publication

Liu et al, Expert Rev. Mol. Diagn., 13(8), 811 (2013)
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Nanopore peptide sequencing

A DNA-peptide conjugate was pulled through the biological nanopore
MspA by the DNA helicase Hel308. Reading the ion current signal through
the nanopore enabled discrimination of single—amino acid substitutions in
single reads.

A. B. Hel308 bound
i & to DNA-peptide
*1 (a) .fl conjugate (b) (c) —
2 /
d |, & ~7 Complement / Hel308 pulls a;d stacpjnleﬂ
© \_, | Dlocks Hel308 conjugate s erjre ;:
21 [ through pore | oy Msp
= .
5 il
|2 \/ W
i: 3 Complement Conjugate
o bound to bilayer sulied into
MspA

Fig. 1. Reading peptides with a nanopore.

A) The DNA-peptide conjugate consists of a peptide (pink) attached via a click linker (green) to an
ssDNA strand (black). This DNA-peptide conjugate is extended with a typical nanopore adaptor
comprised of an extender that acts as a site for helicase loading (blue) and a complementary oligo
with a 3' cholesterol modification (gold).

B) The cholesterol associates with the bilayer as shown in (a), increasing the concentration of
analyte near the pore. The complementary oligo blocks the helicase, until it is pulled into the pore
(b), causing the complementary strand to be sheared off (c), whereupon the helicase starts to step
along DNA.

H. Brinkerhoff et al., Science 10.1126/science.abl4381 (2021)




Nanopore peptide sequencing C7250

D. . .
(C) As the helicase walks along the == DNA Linke: Peptide
DNA, it pulls it up through the pore, 3 i
resulting in (a) a read of the DNA = 04 A
portion followed by (b) a read of the S 03 T‘T‘ﬁ \ | A
attached peptide. 3 b *W“H#"m Uﬁﬁ-ﬂ,ﬁ | T )
C. DNA " 161308 « DNA g "™ J.Jf
; / 2 nllgw '15 Site ﬂ.1 o | | |
' 4

8 12
Time (seconds)

(a) Reading jispA E.
DNA )—l 05
soction A ® 7| — Predicted levels o
J :E:' 0.4 1 — Measured levels r
ot _|" b
constriction sy i 5 0.3 i I L Tl
' } 5 fb-wh "‘dui‘_ﬁ:“'l,__\j‘ I T =
in it (4] L ; I 1 | i =
-4 R Y T
T G 1 /8 TECGETACACTOTAE@AAGTCAT T—DDDDEEEDDEDED
- 10 20 30 40 50 60
3 Hel308 step number
b) Readi : . g : .
v (D) Typical nanopore read of a DNA-peptide conjugate (black), displaying
section step-like ion currents (identified in red). The asterisks * indicate a spurious
: level
Motion of { . . .
conjugaleT LY not observed in most reads and therefore omitted from further analysis. The

dagger 1 indicates a helicase backstep. (E) Consensus sequence of ion
current steps (red), which for the DNA section is closely matched by the
predicted DNA sequence (blue). The linker and peptide sections are
identified by counting half-nucleotide steps over the known structural length

of the linker. Error bars in the measured ion current levels are errors in the
mean value. often too Srﬁaﬁiizgkéigzgﬁ”et al., Science 10.1126/science.abl4381 (2021)
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