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Aims of course:

@ applications/potential of mass spectrometry in proteomics
@ basic approaches of MS analysis
@ . interpretation/validity* of MS results
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/ Proteins are responsible for both the \

structure and the functions of all living
organisms.

Genes are simply the instructions for
making proteins.

. /

IT IS PROTEINS THAT MAKE LIFE.

http.://www.biology-pages.info/P/Proteomics.html
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Metabolome
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Metabolites

Phenotype/Function

http://en.wikipedia.org/wiki/File:Metabolomics schema.png
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Proteomics - discipline dealing with proteome analysis

e v @ @

transcription translation posttranslational mods
posttranscriptional modifications Protein complexes
(alternative splicing etc.)
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Proteomics - Why?

several proteins/proteoforms might form from each gene, not possible to
indicate them by DNA/RNA analysis

there no direct correlation between mRNA content and final content of
proteins

functionality of protein depends frequently on its interaction with other
proteins or DNA/RNA

only at protein level epigenetics factors of gene expression regulation are
detectable
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The Desperate Man, Gustave Courbet P roteo m e

the word “proteome” 1s derived from PROTEins expressed by a genOME, and it refers to all the
proteins produced by an organism
Marc Wilkins in 1994

the complement of proteins expressed in a cell, tissue, or organism by a genome

the entire complement of proteins found in an organism over its entire life cycle, or in a
particular cell type at a particular time under defined environmental conditions.

The entire set of proteins expressed by a genome, cell, tissue or organism at a certain time.

More specifically, it is the [set of expressed proteins in a given type of cell or organism, at a

/ given time, under defined conditions.
proteotype
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Genome vs Proteome
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Genome vs Traskriptome vs Proteome
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temative promoters
Alternative splicing modifications
mRANA editing

Estimates for human

http.//'www.piercenet.com/method/overview-post-translational-modification
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Proteome complexity

Estimates from deep proteomics and transcript profiling suggest
that(about half the human genome is expressed in proteins at over
20 copies per cell in a given cell typd (i.e., about 10,000 of the 20,000
human genes)®. Assuming this expression threshold (of 10,000 geneg
and allowing for detection of(~100 proteoforms for each gene prod-
uct, one then multiplies these two to arrive at a measurement target
lof 1,000,000 distinct proteoforms in a given cell type] A 2016 esti-
mate based on trends in databases indicated that the number may
Better estimates of this proteoform
diversity are needed, and are analogous to the extrapolations of the
number of human genes using expressed sequence tags (ESTs) in the
year 2000 (ref. 30). Aebersold R. et al, Nat. Chem. Biol., 14, 206-214 (2018)
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The nat\lfe beha Phanstiel D. et al, PNAS, 105, 4093—4098 (2008)
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Proteomics

Proteomics s the large-scale study of proteins, ~ariic .l

their structures and functions.

The first 1s the more classical definition, restricting the large-scale analysis of gene
products to studies involving only proteins.

The second and more inclusive definition combines protein studies with analyses
that have a genetic readout such as mRNA analysis, genomics, and the yeast
two-hybrid analysis (Pandey A, Mann M Nature. 2000 Jun 1; 405(6788):837-46)

Proteomics has been enabled by the

accumulation of :

» DNA and protein sequence
databases

» 1mprovements in mass spectrometry

» computer algorithms for database
searching.
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Increase in knowledge of genomes

C7250

protein characterization by MS is in principle based on knowledge of primary sequence
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mayss spectrometry
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enables simultaneous qualitative and quantitative characterization of thousands of proteins

Analysis of ,,proteome*

Dwww ClipProject.info




Mass spectrometry in proteomics

Intact mass analysis
(MW, MALDI-MS profiling)

Protein identification
(incl. protein complexes, de novo sequencing)

Characterization of protein modifications

Protein quantification
(relative and absolute quantification)

MALDI-MS imaging,
3D structure
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Proteomic approaches

» Differential (expression) proteomics
 Functional proteomics

« Structural proteomics

C7250
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Differential (expression) proteomics

Qualitative and quantitative comparison of proteomes

aim — determination of changes at protein (and their forms
(e.g. PTMys)) levels

which were induced by internal or extermal stimuli.
control stress

()

Rhodotorula glutinis
Cooperation with prof. Marova, FCH BUT Brno
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Differential proteomics
Targeted approach

Monitoring of quantitative changes of selected proteins (e.g. biomarkers) in sample sets.

Determination of enterotoxin (S. aureus)
250 +

MS | . MS/MS
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Retention Time

LC-MS/MS (MRM, PRM)
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Functional proteomics

Study of interactions of proteins and their functional context
- protein-protein interactions
- architecture of protein complexes
- protein interactions with other types of molecules (RNA, DNA
metabolites ...)

A Drosophila Protein Interaction Map
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Structural proteomics

Study of higher levels of protein structure (tertiary, quaternary) and relation of a structure to
protein function.

F1-ATPase

* X-ray crystalography
« NMR

* cryoEM

* MS (in minority)

¥ - subunit

Structure is formed by different types of bonds — ion interactions, hydrogen bridges, van der Waals
forces or disulfidic bridges.
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MS$ instrumentation

and

proteins
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History of mass spectrometry

Thomson J.J. (1856 — 1940)
On the Masses of the Ions in Gases at Low Pressures
Philosophical Magazine, 1899, 48:295, p.547-567

1906 — Nobel prize for physics
for theoretical and experimental investigations on
the conduction of electricity by gases

Eight of his students and his son also became
Nobel Prize winners

J.J. Thomson working with his cathode ray tube

Thomson's investigations into the action of electrostatic and magnetic fields on the nature
of so called "anode rays" or "canal rays" would eventually result in the invention of the
mass spectrometer (then called a parabola spectrograph) by Francis Aston (Nobel Prize
for Chemistry 1922), a tool which allows the determination of the mass-to-charge ratio
of ions and which has since become an ubiquitous research tool in Chemistry.

s «o« By this means there is attained what is known as a mass spectrogram, that is to say a

series of lines in which each line corresponds to a certain atomic weight. “
Dr. H.G. Soderhaum - 1922




History of mass spectrometry

The first Czech mass spectrometer - 1953

C7250

V. Cermak, V. Hanus, C. Jech, J. Cabicar

by courtesy of dr. M. Polasek
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Mass spectrometry- today

Y

Benchtop LC-MS/MS system
ion trap LTQ Velos (Thermo)

a
=

High resolution hybrid mass spectrometer Orbitrap Fusion™
Lumos™ Tribrid™ (Thermo)
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Mass spectrometry
principle:
measurement of ratio of relative molecule mass and charge number (72/2)
of ions of analyzed compounds
ogll 1 P TS m — ion mass

I vacuum vacuum
: z — number of charges
|
I .
10on mass
: —tp =p! Detector
: source analyzer
|
[P e

basic steps:
2 ionization of molecules of analyzed compounds
# ion separation according to their m/z
@ ion detection

result:

@ mass spectrum — dependence af jon intensity vs its m/z
ermination of ion mass
a molecular ion

molecular mass

a.l.

2955 m/z
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Why vacuum in MS

to prevent ions from unwanted collisions during their way from ion source
to detector

The mean free path of a molecule

the average distance the molecule travels between two consecutive collisions
with other moving particles

example: N, molecules

| prossure for) | freo meanpath (m) |
760 5,86 x 108
1 4,45 x 10°
103 4,45 x 107
10° 4,45 x 100
10° 4,45 x 101
101 4,45 x 10°

adopted from presentation of dr. M. Polasek







o : . .
o © Functional Genomics and Proteomics
National Centre for Biomolecular Research
Faculty of Science Masaryk University

Ionization techniques
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New ,,soft* ionization techniques - ESI and MALDI
basic prerequisite for wide use of MS in biomolecule analysis
(Nobel prize 2002)

MALDI

matrix-assisted laser desorption/ionization
most often in combination with time-of-flight mass analyzer - TOF
(MALDI-MS, MS/MS)

ESI

electrospray ionization

usually in combination with ion trap and hybrid mass spectrometers
T, QQQ, QTOF, IT-Orbitrap, IT-ICR etc.) o
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MALDI

Desorption-ionization process

Sample embedded in LASER-excitation of Sample desorption and
light-absorbing matrix matrix molecules protonation

O o
O 0
O‘
@) OO

O
O
Y O

@)
o ©
@)

matrix is low mass compound capable to absorb laser radiation
e.g. Dihydroxybenzoic acid (for UV laser)

! gO" IOIllZEl!IOIl WIH!OU! lragmen!a!lon

» Simple spectra

_» Sample storage on sample target

pictures by courtesy of Dr. Sauerland (Bruker)
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Sample target for MALDI-MS Ultraflextreme (Bruker)

386 positions

Sample spot with DHB matrix




MALDI — ionization

First

C7250

part, cca 30s




MALDI-TOF spectrum of myoglobin (16 951 Da)
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Electrospray Ionization
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DROGPIFT

» Simple connection to separation techniques
(HPLC, CE)

M. Wilm, Principles of Electrospray lonization, MCP, 2011, 10 (7)




Desolvation
Gas Manifold

ESI — z spray

Sample Cleanable Hexapole
Cone lon Bridge
(10°* mbar)

X

lon Block \ Extraction

Cone Gas (~1 mbar) Cone
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|

ESI — ionization
(orthogonal geometry)

Tl
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ESI spectrum of myoglobin (16 951 Da)
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Mass analyzers




MS and MS/MS

MS MS/MS
tandem mass spectrometry
MS?
Mass selection Detection of
(m/z isolation) fragments

e

Hupi, Pewy

v =g ="
fos——

fdd |
¥ A,

lon source (ESI)

mst

lon activation
(CID, photons, electrons) 1]

m/z of the whole ion m/z of the fragments derived from the ion
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Quadrupole analyzer (Q)

e

*%

mass filter
limited mass range (m/z <4 000)
low resolution

» discrimination of high mass ions
MS/MS not possible

e

%

S

*

NS

S

%

resonant ion

dc and ac voltages
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Full Scan

Q scan
Selected ion monitoring
‘ -
.,’/’/ ]
‘ > Q fix
O
@ .

RN
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Ion trap (IT)

» limited mass range (m/z < 6 000, 20 000)
» low resolution

» enables MS/MS (MS™up to 10)

/Auxiliary RF
/ (1/3 Frequency
of Main RF)

Octopoles

Conversion
Dynode

|
o
|
|

Electron
Multiplier

Endcap

Optimized Asymptote Angle Ring Electrode

pictures by courtesy of Dr. Sauerland (Bruker)
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Ion trap

MS scan

@ ion capture LR

@ sequential 10on ejecting out from the trap according to m/z
@ 1on detection

MS/MS scan

@ 1on capture

1solation of 1ons with selected m/z (precursors)
excitation and fragmentation of isolated 1ons
fragment detection (product ions)

e e O




Electrospray
ion accumulation

Precursor
ion isolation

Reactant anion
accumulation
(nCI source)

ETD fragmentation

Scan
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ETD in the HCTyjtra

Fl h
Uoranthene Gate Lens (nCI) = block

Skimmer = block

by courtesy of Dr. Arnd Ingendoh (Bruker)
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Reactant Anion Production %ﬁn

Presentation 17th-Oct-2005

negative Chemical Ionization (nCI) Source

1st Step:

generation of low energy electrons by

EI of CH, (Mediator) M

- X + -
M+e > M+ 2e = o

2nd Step: MeT@®Me 7

electron attachment OEMQ ” '

to

+e > A (=0)

by courtesy of Dr. Arnd Ingendoh (Bruker)
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BRUKER |
DALTGRICS

Enabling Lite Scoence Tooh Batod on Mass Sgectromeliy™™

by courtesy of Dr. Arnd Ingendoh (Bruker)
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Combining Electron-Transfer and Higher-Energy Collision
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Frese et al., Anal. Chem. 2012, 84, 9668—9673




Linear ion trap

Quadrupole
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Linear ion trap

» displays advantages of quadrupole and ion trap

» limited mass range (m/z < 6 000)

> increased ion capacity by order BB sensitivity increase
» enables MS/MS (MS")




Trapping Forces in a Linear Ion Trap C7250

-.Simultaneously
Main RF Ramp EXB
Ramped.. Radial RF Trapping Voltage /

N

Axial DC @ © o Axial DC
: ® 1‘ Trapping
Trapping o ( Voltage
Voltage @ @ > g
/ @ o ©
Radial RF Trapping Voltage Exit Lens
Auxiliary RF with Grid

Ramped....




Dual pressure 10on trap
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HESI Il
Source

lon Transfer
Tube

||
|=

lon Trap

Hi
o

ressure
Cell

= Low-
Pressure
| | cen

LTQO Velos (Thermo)

@ HP chamber — increase of efficiency of ion traping and their fragmentation
@ LP chamber — improves resolution and scan speed




Time-of-Flight analyzer (TOF)

» unlimited mass range (m/z <1 000 000)

» fast scanning

» high resolution (R az 60 000)

C7250

E =1/2mv?

» enables MS/MS by PSD (post source decay) — not used today

» MALDI

Detector 2 (reflectron On)

Detector 1
(reflectron Off)

Reflector Detect
o ! Y T
iy e :: —: _-‘_:_ —- _'I--l.'_\_;_i :: :: 1 Pl
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lon Source
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TOF — ion separation
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cond part




Protein (BSA, 66.4 kDa, =15 pmol on spot) C7250

[Abs. Int.] [M+H]+
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Peptide (= 50 fmol on spot)
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Ion cyclotron resonance with Fourier transformation
FT- ICR MS A

» ultimate resolution (R >10 000 000) AR

=) determination of elemental composition
» enables MS", top-down approaches M e
» disadvantage (magnet up to 15T, liquid He), high operational costs

Linear Receiver plate
10N trap ',_',:\I.ﬂjgrgehc

Parg

Receiver plate

6-stage differential pumping




Significance of high resolution

In an simplified way,

Mass of elements is not whole numbers resolution value indicates lowest
H 1.0079 distinguishable mass difference
C 12,0 1 07 R = M = resolution AM
AM -
N 1490067 AM = resolving power
O 15 ,9994 M = mass of the (second) peak
C,H,0 43,0184
C.H, 43,0547 M
R AM at mass 43
100 0,43
1000 0,043
10000 0,0043

C7250

M5

Sufficient resolution results in possibility to deduce elemental composition

In case of compounds above we need resolution of 1185




Snimek 64

M5 Smallest mass difference Am between two equal magnitude peaks such that the valley between them is a specified fraction of the peak height
MU, 10/27/2009
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Significance of high resolution
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Significance of high resolution

1007
\ W-mode
o i 10000 FWHM
52
0 1 ] I | J|l ﬁ IR ] I I I
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0,023 D/

BSA, ESI ionization, FT-ICR MS

44+

C7250




Orbitrap

» high resolution in MS and MS/MS
(up to 1 000 000, but w/o magnet)
» limited mass range m/z < 4 000

» ESI

API lon Source Linear lon Trap C-Trap

A oot et et

The oscillating ions induce an image current into the two
outer halves of the orbitrap, which can be detected using
a differential amplifier Orbitrap

lons generate a sinusoidal wave signal \/\/\/W\/W<

with permission Ing. Petr Verner (Thermo)
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Full Scan — High Resolution, Zoom-in

516.75

516.76

516.76672

516.76671

516.77

NL:

RP 60,000 @ m/z 400 0.93E6

516.78448

516.78490

516.78 516.79

m/z

Brady Angio_02#9 RT: 0.23
AV: 1 T: FTMS + p ESI Full
ms [ 140.00-1500.00]

Simulation
ValS-Angiotensin 11
Lys-des Arg-Bradykinin
516.80 516.81 516.82

with permission Ing. Petr Verner (Thermo)




4 . ' ! : C7250
Simulations at different resolution settings

— R=7,500

60,000
R=30,000

R=>100,000
R=

__J%J DT

E PN DR

5164 516.6 516.8 5170 5172 5174 5176 517.8 5180 5182 5184 5186 5188 519.0
m/z

with permission Ing. Petr Verner (Thermo)
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Basic approaches of data acquisition in M$




DDA — Data Dependent Acquisition

One precursor selected for MS/MS at a time

DIA — Data Independent Acquisition

Set of precursors 1s fragmented simultaneously




C7250
Acquisition modes

@ lon

source MS1 CID MS2
Shotgun < _ - - ® * 2 1
- * - _-‘ ®— . ® E:
® . _l-. & e = | I I
DDA Scan Intensity-based Scan m/z
Isolation
SHM/ - . ® % f
MEM S _- =) = _,.: a 4.'3:.&‘ |
=
0.7 Da filtering 0.7 Da filtering Time

©

SWATH * - oo >
- - ul'- 78]
MS - .-' & = ? : -.l /f' ‘E J/Z &
i T

DIA Sequential Scan m/z e
25 Da filtering 10 p.pm

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




SWATH MS C7250
Q-TOF, MS/MS < 10 ppm

m/z
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i
L
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......

400 Fg——s!
cycle time

retention time Retention time

>l

y2y3 yd y5 y6 y7 yB 9 y10 y11

SS - Gillet et al, MCP, 11, 1-17 (2012)
full MS/MS spectrum
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Shotgun SRM/MRM SWATH-MS

Proteome T Proteome
coverage Accuracy coverage ACCUFE':F coverage Accuracy
Iterative x— / \ Iterative / \ / \ ;
: . LOQ ; LO lterative
Bloenariay /“N (sensitivity) bicenarkar (sensitivity) biomarker (S LR
discovery \ . S discovery f s discovery A (sensitivity)
Bioinformatic A Sample Bioinformatic Sample Bioinformatic Sample
easiness throughput easiness throughput casiness throughput
Dynamic Reproducibility Dynamic Reproducibility . e
Fancs range Dynamic Reproducibility

range
Figure 3. Performance profiles comparing technical advantages and disadvantages of shoigun proteomics, SRVi and SWATH
MS. In the radar chart, analytical variables are presented on axes staring from the same point and each variable is represented by a
spoke. The Imgth of a spoke indicates the magnrtude of the variables. Note that SWATH MS combines the strengths of shotgun and

COAL kel ol ol el e Za i e i | e kil & i i P P e [ TEQee e [

JNIVI U;'LI IIMIUH!E& IlU‘ﬂ'h’\" ll‘:!‘LiUIII:} e pUWEIIUI I.JIU'IIIIUIIIIdI.IL {o0is Tor aata dlldlplh

LOQ: Limit of quantlflcatlon, MRM: Multiple reaction monitoring; MS: Mass spectrometry; SRM: Selected reaction monitoring.

Liu et al, Expert Rev. Mol. Diagn., 13(8), 811 (2013)
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Hybrid systems
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C7250

Triple quadrupole, 3-Q
(original design, not hybrid)

robust

quantification

limited mass range (m/z <4 000)
enables MS/MS (MS?)

variety of scan modes

low resolution

ESI

1 ‘ Nzlnlet

RF
‘ lon Guide CoII:s:on Cell Detector




Product lon Scan

Q1 Q2 Q3
L, /
OO— . ® 79
® /
o -@. - T o
e >/
.\\ B ’ >

Collision cell

C7250

Q1 fix
Q3 scan

# quadrupole Q1 transmits into collisional cell only ions with selected m/z

# quadrupole Q3 analyzes all fragments formed in collisional cell by CID

(originated from selected ions (precursors) transmitted by Q1)

M1

ABI documents
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M1 Product ion scan consists of selecting a precursor ion of a chosen mass-to-charge ratio and determining all of the product ions resulting from

collision-induced-dissociation (CID)
MU, 10/27/2009



C7250
Selected reaction monitoring, SRM

Multiple reaction monitoring, MRM

Parent mass @ CID Fragment mass -
O p< ot o, Q1 ,fix“
2N K Hp13
- R E PR e 1 | Q3 , fix
- S S 14 -
Q1 Q2 Q3

# quadrupole Q1 and Q3 are fixed to selected values of m/z ( Q1-precursor and
Q3- selected fragment), only precursors displaying production of selected
fragment during fragmentation in collisional cell are recorded

# enables to follow tens of reactions (transitions) during analytical run (MRM)

improved sensitivity M4
detection of low abundant components (e.g. biomarkers in complex samples)

ABI documents
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M4 Selected reaction monitoring consists of selecting a fragmentation reaction. For this scan Q1 and Q3 are focused on selected masses There is no scan. The
method is analogous to selected ion monitoring in MS but here the ions selected by Q1 are only detected if they produced a given fragment. The absence of
scanning allows one to focus on the prcursor and fragment ions over longer times, increasing the sensitivity as for SIM but this sensitivity is now associated

with a high increase in selectivity.
MU, 10/27/2009
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Parallel reaction monitoring (PRM) 22 C7250

#  Q-Orbitrap MS
# similar to SRM/MRM

#¥ all fragments of selected precursor are deected
with high resolution/accuracy for determination of m/z

SRM/MRM collision cell
Ql q2 Q3
I I ] : 3
. . o ] o.- . i = - ) 4
seperation ... fragment X s seperation o detection l'i' ,J__j:
] ] I
PRM collision cell
Ql q2 Orbitrap
I I
S ok i o /=\ , 3
Sepera‘tion . . fragment e, v we seperation l__ﬂgﬂ_._‘ detection 5
3 . - ) 2
— — ' Ll
Precursor Fragment
ion 1ons

- Simplier method adjustment
- improved precursor identification and quantification securing high sensitivity

https.://www.creative-proteomics.com/services/parallel-reaction-monitoring-prm.htm
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Z1

Z2

PRM is based on Q-Orbitrap as the representative quadrupole-high resolution mass spectrum platform. Unlike the SRM, which performs one transition at a
time, the PRM performs a full scan of each transition by a precursor ion, that is, parallel monitoring of all fragments from the precursor ion. First, the PRM
uses the quadrupole (Q1) to select the precursor ion, and the selection window is usually m/z<2; then, the precursor ion is fragmented in the collision cell
(Q2); finally, Orbitrap replaces Q3, scans all product ions with high resolution and high accuracy. Therefore, PRM technology not only has the SRM/MRM
target quantitative analysis capabilities, but also have the qualitative ability. (1) The mass accuracy can reach to ppm level, which can eliminate the
background interference and false positive better than SRM / MRM, and improve the detection limit and sensitivity in complex background effectively; (2) Fu
scan of product ions, without the need to select the ion pair and optimize the fragmentation energy, easier to establish the assay; (3) a wider linear range:

increased to 5-6 orders of magnitude
Zbynek, 2/21/2019

Parallel reaction monitoring (PRM) is an ion monitoring technique based on

high-resolution and high-precision mass spectrometry. The principle of this technique is comparable to SRM/MRM, but it is more convenient in assay
development for absolute quantification of proteins

and peptides. It is most suitable for quantification of multiple proteins in complex sample with an attomole-level detection.

Zbynek, 2/21/2019
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>

3-Q

(LIT instead of Q3)

increased sensitivity (enhanced scans)
enables MS/MS (MS")

ESI

h—

Linear ion trap

Collisional cell

accumulation of ions during LIT scan (reduced loss of ions)
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Q-TOF
(TOF instead of Q3)
Turbo pump
Turbo pump
lonCooler™ Guide
\ |
- L Re— L
Analyzer __ CollgionCall _ w
Sample S p— s g | 1
Q:-_ — whl E -
Collisional cell| & : |

“am e

|

|

|

» high resolution (az 60 000) |
» enables MS/MS (MS?) |
> ESI, MALDI l
|

1
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Q-TOF
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Q-TOF
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C7250
Q-Orbitrap
(Orbitrap instead of Q3)

v’ high resolution up to 480 000
v’ m/z range < 6000
v HCD, ETD

Optaliax NG
Electrospray
lon Source

Advanced Quadrupole Independent
EASY-IC Internal
Calibration Source Technology (AQT) Charge Detector

C-Trap
lon-Routing Multipole

Advanced Active
Beam Guide (AABG)

with asial gradient High Field Qrbitrap

Mass Analyzer — g g

Exploris 480

Thermo




Q-Orbitrap SR

BoxCar acquisition method (extended dynamic range)

e limitation — C-trap capacity (1 000 000 charges)

* capacity is often saturated by high abundant ions

* BoxCar collects 1ons in C-trap in narrow m/z segments allowing to accumulate
low abundant ions increasing number of identified peptides and extending
dynamic range

* MS/MS scans are restricted

 creation of peptide library is required for identification (mostly done at MS level)

2. lon storage g b
1x 10 O Full scan
1. Mass selection A g
L X o
-l o @
-;fl B — E :%
O \
B 5
0 < &
by — e 'l'. a:_ﬁ"': ‘
% — N:/_ v _‘
H

3. Scan acquisition

mz —)

lon injection time

Meier F. et al., Nature Methods, 15, 440-448 (2018)




Relative abundance (%)

d BoxCar total ion injection time:

Relative abundance (%)

Full scan total ion injection tim

Q-Orbitrap SR

BoxCar acquisition method

493.7668 SIN~6
Tl 864.4059
4447430 56,8657 B64.9077
SIN~2
85&3919 /355.9-317
SN~ 1,055 ‘ 866.2226
= 560.8040 l |
SIN ~211 '
/ S/N ~ 51
701.4202 S/N ~ 49
\ 758.3692
0
400 500 600 700 800 900 1,000 1,100 1,200
me

SIN ~ 265
100 560.8041 S/N ~ 192
864 4057
4527136
SIN ~ 466
| 607.2697
/N~ 1,519
701.4199
514.7728 S/N ~ 1,246
m l \ 758.3688
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400 500 600 700 800 900 1,000 1,100 1,200
miz

Meier F. et al., Nature Methods, 15, 440-448 (2018)




Q-Orbitrap C7250

BoxCar acquisition method

a 1. Mass-to-charge binning 2. Transmission determination

ey
i TMEIR
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400 600 800 1,000 1,200 400 600 B0O 1,000 1,200
Common m/z grid m'z

MaxQuant assembles the full scan (black traces) and BoxCar scans (red traces) of an acquisition cycle to a
single high-dynamic-range scan. First, all spectra are transformed to a common high-resolution m/z grid, and
the signals from each scan (here one full scan and two BoxCar scans) are integrated over the entire LC
elution time (step 1). From the integrated signals, the shape of the quadrupole transmission function for each
BoxCar scan is globally determined by a pointwise comparison to the full scan (step 2). The resulting relative
transmission factors for each m/z bin in each BoxCar scan are used as weights for calculating the average
signal intensity from the full scan and the BoxCar scans. These hybrid spectra are taken as a replacement for
standard full scans in all subsequent processing steps without further adjustments (step 3).

Meier F. et al., Nature Methods, 15, 440-448 (2018)




sty oo Q-Orbitrap C7250

generation single runs

w BoxCar acquisition method

e generation of a peptide library
* analysis of individual samples

%%
|

b - Hela cell line
10,000 1 py Shotgun Shotgun + MBR -45 min LC run
Rapid, parallel 9,000 | ™ 24 fractions Hl BoxCar
sample preparation
1 ug peptides 8,000
l/A\ per sample
2 7,000
[ 3
vy | :
' l @ 6,000
=
24 Fractions g 5000
! "95:92‘:95 @ E_ ‘ ) () () ) 9 9. L 8
per fraction '8 S O .H-_H-_“*-_H
45 min -g 4,000 + l‘.“.“
l LC-MS/MS 8 3,000 -

Q 2,000 4

24 x 45 min
LC-MS/MS 1,000
U =l
T T T T T T T T T 1
1 5 10
Identification HQD”C&IQ
T T T T T T T T T 7/
45 135 225 315 405 1,080
Cumulative acquisition time (min) (2x)
I T T T T T T T T 7
1 3 5 7 9 24

Cumulative sample load (ug) (2x)

Meier F. et al., Nature Methods, 15, 440-448 (2018)
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Orbitrap Fusion™ Lumos Tribrid

Ultra-High Field Orbitrap
Mass Analyzer

Advanced —_—
Advanced Quadrupole #, -
Active Beam Technology "_:,.':-‘ =
GuidEl | = =
\ t :
\ \. [ : T
| ! 1 1 | — \
*- (= : |||%E =
\ I | .
IIIIl- I_ '.I.I
- C-Trap
EASY-ETD/IC —_——
lon Source E s—— Electrodynamic

lon Funnel

Transfer Tube

—— %%\\ ‘ -
% High Capacity

Resolution Orbitrap
15 000—1 000 000 (FWHM) at m/z 200

Dual-Pressure
Linear lon Trap @ﬁf{}ﬁ

High Pressure
Cell

lon Routing
Multipole

Precursor fragmentation techniques:
CID —iontrap

ETD —ion trap

HCD - ion-routing multipole

EThcD - ion trap/ion-routing multi pole

lon separation/detection:
lon trap — low resolution
Orbitrap — high resolution

ETD HD - high dynamic range ETD
providing significantly increased
fragment ion coverage




TOF-TOF

relatively high resolution (< 30 000)

enables MS/MS (MS?)

MALDI

enables off-line connection with LC
(LC-MALDI approach)

YV V VYV

AB Sciex

Laser
Laser Beam

Source #1 Refiector MS/MS beam Linear
detector detector

e e et

MS beam

XY sampie Retarding Source #2

stage Timed ion o Coiiision
seiector Cen

Refiector




ion mobility + mass spectrometry
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Trapped Ion Mobility Spectrometry
timsTOF™

The TIMS analyzer is a segmented rf ion guide wherein ions are mobility-analyzed using an
electric field that holds ions stationary against a moving gas, unlike conventional drift tube
ion mobility spectrometry where the gas is stationary. lons are initially trapped, and
subsequently eluted from the TIMS analyzer over time according to their mobility (K).

TIMS theory — Michelmann K. et al.: J. Am. Soc. Mass Spectrom. 26,14-24 (2015)
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ity Spectrometry

TOF™™
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Trapped Ion Mobility Spectrometry
timsTOF™

1. Accumulate & Trap step

-
,1;9/0

4
A
\
b
1
L) \
\

</ 2. Elute or scan out step

~10 x higher sensitivity

.S
~

4 with courtesy of M. Boha¢ (Bruker)




Trapped Ion Mobility Spectrometry
timsTOF™

resolution of coeluting compounds with overlapping isotopic patterns

Arbitrary units

Overlapping fragment ions (1+)

Qverlapping precursor ions (1+)

100% 2
° 7 721.4781 780.5510
= 723.4942 782.5667
= 1, 725.5075 784.5828 l
Mobility resolved fragment ions (1+) Mobility resolved precursor ions (1+)
100%
= ‘ 721.4781 780.5510 |
E l; |
100% 3
_E 723.4942 782.5667
é L !
100% 3
= 725.5075 784.5828
720 730 740 750 760 770 780 790

m/z

C7250




C7250
Trapped Ion Mobility Spectrometry

timsTOF™

* analysis of HeLa digest (200 ng)
* 120 min LC run

-t
2]

6,000 4

Data completeness: 91%

5,000 1

M L .‘“
o =} (=)
=] =] =]
o o o

Protein groups (x 10?)
Protein groups

1,000 {

50ms 100ms 150 ms 200 ms ol [1 [1 [—I

: 1 2 3 4
TIMS ramp time Quantified in N replicates

Average number of protein group
identifications in a single run (N=4) with
different TIMS settings

Number of proteins quantified in N out
of four replicates.

BioRxiv,




C7250
Field Asymmetric Ion Mobility Spectrometry
FAIMS

If a mixture of ions of different sizes and types is introduced between two
e — M metal plates, the application of high voltage in an appropriate waveform to
N e the plates will create a condition where some types of ions drift and hit the
metal plates while other types of ions remain between the plates.

lon in 'Balanced' Condition

basic principle: /Aup.//www.faims.com/howpartl.htm

Analysis of tryptic digest of HeLa cell lysate

he cylindrical electrode separates ions.

More Unique Peptides (1% FDR)
H Conirol 1 FAIMS

69,801
52 417 53,058 .
42,116 -
—> .—L o
More Protein Groups —_—
6 505 BBIT T
5,600 - :
100 ng 1000 ng

FAIMS — Thermo Fisher







