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Overview of the talk "%"

e Who is Bruker and who is Bruker Daltonics?

e Types of MS detectors for coupling with HPLC, UHPLC and nanoHPLC:
ESI (and IonBooster), APCI/APPI, nanoESI or even MALDI?

e Applications in metabolomics and food control:
« HPLC-ESI-QTOF (UHR-TOF) (maXis, impact)
« ID of unknowns, impurities
- Multitarget screening and quantitation using hrEIC

o Applications in proteomics:

« PRIME - combination of nanoLC-ESI (amaZon/impact) and
nanoLC-MALDI (ultraflextreme MALDI-TOF/TOF) for Bottom up
complex ID of proteins

« Top Down proteomics
« MALDI Imaging

Bruker Daltonics



Bruker Corporation Overview

Technology Platforms

Bruker AXS — @ X ray Analysis

X-ray Diffraction
X-ray Crystallography
X-ray Fluorescence
EDS Microanalysis
Spark OES

Bruker Daltonics — @ Mass Spectrometry
e MALDI-TOF(/TOF)
e Ion Trap MS"
e ESI-(QQq)-TOF, FTMS
o IMS

Bruker Optics ——— @ Vibrational Spectroscopy
e FT-IR
e FT-NIR
e Raman

Bruker BioSpin —— @ NMR and EPR spectroscopy
e NMR / TD-NMR
e EPR
e MRI
e Analytical Services

sRGReR

Major Applications

Materials Identification
Materials Research
Structural Proteomics
Nanotechnology

Small Molecules Analysis
Proteomics

Clinical Research Tools
Homeland Security/Defense

PAT & Quality Control
Materials Identification
Materials Research
Pharma ‘Forensics’

Analytical Chemistry
Pharmaceuticals

Life Science

Food

Metabolomics

Bruker Daltonics



Bruker Daltonics -&8-
Life Science Mass Spectrometry

e MALDI-TOF and -TOF/TOF Mass Spectrometry
o ESI-(Q)TOF Mass Spectrometry

e ESI- UHR-TOF Mass Spectrometry

e ESI-Ion Trap Mass Spectrometry

e ESI/MALDI-Q-FTMS

e ESI-QgQ (from 2012)

e Unique Mass Spectrometry Solutions for

> Proteomics /Biomarker Analysis
MALDI Molecular Imaging
Small Molecules / Metabolite Studies
Food, Forensic & Environmental Screening
Functional Genomics/SNP Genotyping
Microorganism Identification and Classification
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Requirements for sRGier
Modern Mass Spectrometry

e Performance:
- Mass resolution (separation)
- Mass accuracy (selectivity)
« Sensitivity

e Speed:
- Analysis of complex systems (proteome, tissue,
screening)

- Compatibility with high speed separation: UHPLC
e Robustness & Ease of Use

e Complete Solutions

Bruker Daltonics



Basic parameters defining the quality of MS spectra = R

Single lon method Double lon method

Resol ution Full Width at Half Maximum (FWHM) or at 5% of 2 adjacent ion peaks with a 10% valley max
the peak height

1.0 A 4—O—»>

m m
R= — R= —
Am Amr
0.8
m
06 Mas. A m=0.3 Dalton peak width
50% /
(50 % Max. = FWHM)
04 m+Am
10% Valley 10%
02 —— N—
(5 % of Max.) 218 219 280 281 1000 1001
Y Kon]
00 === et reresmsssee Resolution = m / (FWHM)
1000.0 1001.0 1002.0 1003.0
In that case R= 279 / 0.3 ~ 1000 In that case R= 1000 / 1 = 1000
M A Dm accuracy = Mieg = Mpeasured
dSS ACCcUracy - i
It is often expressed in parts per million (ppm) S/N Ratio

ppm = 10° * Am accuracy / Myeasured

Dynamic range

i.e.: theoretical mass: 1000, measured mass: 999.9 error: 100 ppm

C20 Ho+ - Mass Range
(13 Hig N3 05+ Co0 Hg+ C1g HyN+  CqzHigN3 0+ - Speed
3 different compounds 3 different compounds
Same nominal mass 3 different exact masses
Low resolution High resolution, high accuracy
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Overview of the talk -&%-

e Types of MS detectors for coupling with HPLC, UHPLC and nanoHPLC:
ESI, APCI, nanoESI or even MALDI?

Bruker Daltonics



ESI-based MS detection

ESI - Electrospray, NanoESI, combination with APCI., APPI

MS and
MS" spectral -
(CID)

MS and
MS/MS spectre
(CID)

Dry Gas Collision
Heater Dual Ton Funnel Hexapole Gas Supply

c.l..]_ g """J

Sprayer

o

= maxXis impact

API Spray Chamber

qQ-TOF and UHR-TOF

Bruker Daltonics




Overview of the talk ':oag"

e Applications in metabolomics and food control:

- HPLC-ESI-QTOF and -UHR-TOF (maXis)
ID of unknowns - SmartFormula 3D, FragmenExplorer, MetFrag
Multitarget screening using hrEIC

Bruker Daltonics



Analytical Platforms LC-MS

)

L_
Fast chromatography systems e.g. Dionex RSLC
coupled to ... —

—

i

\ a ’ maxis impact
micrOTOF II micrOTOF-QII

siGReR

maxis 4G
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I Analytical Platforms LC-MS -E@-
L}

-

Bruker is unique not only with its Mass Spectrometrs....

Special Ion Sources and Interfaces

Bruker Daltonics



Introducing IonBooster sy
boost up sensitivity

7 ESISprayer
Sheath gas &7

Heater

Charging voltage

Source Chamber

*Designed to boost electrospray sensitivity

« Compatible with all current Bruker systems (Apollo II source)
*High Flow compatibility: 100 - 1500ul/min

*In general much more sensitive than ESI

«Selective ion source: The ,boost" effect reaches a factor of
>100 for some compounds!

Bruker Daltonics




Compound ID: Unambiguous Determination -&gn
of the Elemental Composition of Unknowns

Need to get this
sample through the
mass spec... and loo
good doing it/

Starting point:
each component has its
unique mass!!!

e.g. Reserpine, C;5H,,N,Oq:
609.280657 Da [M+H]*

If only it was as easy
as it looks on TV...

13 19.12.2014 Bruker Daltonics



Theory and Practical Consequences.... -E@-
Number of hits depending on reachable mass accuracy

Rel. mass accuracy absolute error
10 ppm = 0.006 Da
0.05 ppm = 0.00003 Da (0.03 mDa)

Intens. 1 C33H40N209, M+nH ,609.28

] 609.2807
20007 Mass Spectrum of
Reserpine

1500

Impossible for any MS technology
on a routine basis !

500

611.2867
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What is Smart Formula? '%"

Or known as TIP™, SigmaFit™

with increasing compound mass, a tolerance of 0.001 Da or 5 ppm will not be

selective enough to represent just one sum formula. Multiple formula will be
possible within this mass window

— need for another dimension of compound identity confirmation

- ) ) simulated spectrum of
2500} 609.280657 1. Intensity of all isotopes reserpine [M+H]*,

1 4 C5;3H,:N0
ALy M 2. Mass position (distance) 33TarTaTe

. of all isotopes 13C _ 12C - 1.0033548 Da
1500]

] 1 H- 1H:1.00627675 Da
1000] 610.283932

] 5N — 14N : 0.997035 Da
5007

1+ } Lz PR 2 e12.200405 35 _ 32 : 1.9957959 Da

O LI —

609 0 609 5 610.0 6105 611.0 611.5 6120 6125 m/z
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Identification & Structure Elucidation 'gg"

Annotation in MS and MSMS
spectrum




SmartFormula3D™
Making Sense of the MS/MS Data

« SmartFormula3D result
« 1 ppm window (maXis data)

* Allow unlimited C, H, N, O and up to S5 and F5
* SmartFormula3D analyses by mass, isotope

pattern, adducts and fragment logic

SumFormula m/z calc err[mDa] | err[ppm] mSigma eConf | Iexpl.[%:] | Peaksexpl.
C2Z2H2ZIF3N30S 438.1821 0.0 0.1 9.8 even 71.6 14

MS Answers

e One answer:
e Definitive: it is C,-H,-.F-N.0OS

SumFormula

SumFormula Loss

L a9
[Jci1aHsF2Ns
[Ocisneran
[JcisH13Ns
[OdciaHaEmnn

[lcaHianz0
OcTrmmre
CBH17N2Z
C7H13N 20
C5H10NO
C5HION
C4HEN

J0oO

0O

i
CB8HI19FN20
C8H18NZ03
C7H14F3NZO
CAHIBEaMN25

C13HBF3NS

CTITIZE
C14H 10F
C15H 14F
C17H17F
CI1/H17F
C18H19F

3NS5
3NOS
3NS5
IN25
3M205
IMN205

m/z Loss
40,0123
130.1109
158.1421
178.1479
190.1140
19,1060

212.1161

354.1012

368.1170

MS/MS Interpretation

err[mDa] Loss

mfzcalc | err[mDa] | mSigma | eConf
398.1697 0.1 47.1 EVEn
308, 5 0.3 22.4 EVEn
13.6 even

37.1 even

0.0 even

3 2 21.5 odd

3 2 9.1 even
171.1492 1 12.6 even
143.1179 0.1 1.4 EVEn
141.1386 1 9 EVEn
0 1 19.3 EVEn

even

84,0808 0.1 33.4 even
70,0651 0.0 48.1 even

e Fragments and neutral losses can also be checked - relate to a structure

Bruker Daltonics


http://upload.wikimedia.org/wikipedia/commons/b/b6/Fluphenazine_structural_formulae.png

Identification & Structure Elucidation .gg.

SmartFormula(3D) & Fragment Explorer

SumFormula  mfzcalc  Seore err[ppm] mSigma mFormua  mfzCalc, SunFormusloss  en{mDa]Loss

H5o3

S
s oo = ¥ CasHazOzz w4275 100 03 60 | | CasHssOL 663,3637 CaHua0g 05
C24H3g02 679.1927 CaaHza 0.4
it Ca4Hz7021 6611822 CacH3z20 0.6
-J’.‘x. C24H35020 6431716 CaoH3a02 0.5
- C24H33018 6251611 CaoH3a03 0.4
C r'r'ect Sum C24Hz1018 £07.1505 CacH3a0a 0.3
CzgHasOa 537.3058 C1sH2a013 0.7
Cz9Haz0g 5192052 C1sH28014 0.5
fo mu/a for CiaHa5018 497.1137 C28Ha40. 04
CraHz3015 479.1031 C2sHag0! 0.4
CzHa104 417.2999 C1gHza0 0.7
p eCurSOr and CusHzs013 413.1290 C23H440: 0.5
CzaHz30z 399.2894 C1sH3a0 0.7
- H C1sHz3012 395.118¢ C23Hagl 0.5
+ II fr g’ , ’ent IOnS -_ ELSHZLOLL 3771078 CasHag0LL 07
e - ! LsH19010 358.0973 CaaHsa01z 0.6
CzgHz30 269.2526 CaaH3g02L 1.0
Possible structure from database query SmartFormula3D [ Sk
Fuemave: Fragmenkation Lines | Appky Tmmadiabely and Link to Spectrum
At 3 N Shetch Cose | [ e
Intens +MS2(949,4275)
TR AT R *1
= T —————e
sl S e re B[E|w = | OE | = % 1.25 7
N e o
T TH) - Prrartate s
m e v e
.{;L_r'“‘r”hr 1.00
I AL

| 1+
AL
o a2 A TS
AR 0.75
[, (e | WW "

¢l M L 050 1 509 1161 L 083,037
| T | ‘ (A4 e | "
FragmentExplorer with 05 - L I
embedded ChemDraw ljumll[]l

200 300 400 500 600 700 800 900 m/z

. . _ E Structure Annotation in MS and
% In-silico fragmentation | MSMS data for your publication
= ¢ Link with SF/SF3D T e
results Bruker Daltonics

« Draw/load structure




"De-novo” structure elucidation
in-silico fragmentation with MetFrag

siGReR

Copy Formula
Zopy Entire Result

Copy ta Fragment SmarkFarmula Lisk

o

= Send Matched Peaks To MetFrag

Check all
Zheck Mone
Deleke Unchecked

Meutral Losses. .,

Molecular formula

Only biological compounds

1) Send

> elemental formula

» exact mass
> MS/MS info

3)

Limit # of structures 100

Database ID's

MetFrag Settings
Mode

Mzabs (e.g 0.01)

Mzppm (e.g 10)

Score 2 Eaplaned Pesks

MzAnnotate Viewer

® [M4H]+ ¢

MetFrag

In silico frag! ion for

About / News

O K C) PubChem @ ChemSpider (

—_ SearchupstreamDB__| 11 hits

IM-HI- (Alpha)

Trivial Name Exact Mas

v In-silico fragmentation of returned structures

v match against

v' sort accordin
http://msbi.ipb-halle

MS/MS spectrum
to most likely structure

.de/MetFrag/

December 19, 2014

Local SDF

isted identification of metabolite mass spectra

MS/MS peaks

2) Query elemental compositions
<*§* in public databases

Databese 1D Actions

o

agments

nics




PesticideScreener: Multi-Target Screening '&%"
of 750 Pesticides in a Single LC-MS Run

Database setup with standards:

hrEIC: (high resolution Extracted Ion Chromatograms

0

01 34 lime |min]

Multi compound standard of 750 pesticides, 7 min gradient. Overlayed
compound EICs, complete pesticide elution in about 5 min.

Bruker Daltonics



‘® TargetAnalysis Workflow BRGKER

Intens. | ||
ol !
2.0
What do we need? ] -
]I data file I
{&|Untitled - Bruker Daltonics TargetAnalysis 8| 13| x| 5] : H
Bpen.., | Analysis Mame: = ] | I
Acquisition Date: 1.0 | I
ethiod R | Operator: ]
Instrument [ Serd: 05 I ||
pr— | Method: 1l |
SR Sample Mame: 1 | BPC
{Zaliarate | Comment: 0-06 R R .2.0.'. "2 @ ‘3|£':"I"in‘|e‘[rr:in‘]
SCrEen bt |
General Unknawn = | d ata ba se

J File Edit View Insett Format Tools Data Window Help

Save | DSEa8RY | sBRS v-o- @z a8l el
L] G o =
- =
o | @ | A B8 1 c | D —E  F 63
- . Ta rg etAn a ys I S | 1 miz (M+H) it farmula narne id1 id2 id3
2| 38 16,2 C18H2ECINZOS Pyridaben
3| 306163 1.4 C1BH2INA0S Biuprofezin
Detarnas | |4 409137 14,9 C20H19F3M204 Trifloxystrabin
= 5 310979 141 C12HI704PS2 Phenthoate
B | 40507197 143 C19HI7CENIO3 Dif |
s | ScreeningResuts | General Unknown Resuts | (7 2841418 135 C15H22CIND2 Metolschlor
hd 18| 19207675 1.5/ CIHIN302 Carbendazim
1] | ¢ EE A 3.CHINCINGO3S Thiamethoxam
10| 404124097 12,7 C22HITN0S Azaxystrabin
For Help, press F1 PP & 11 38813101 12.4 C21H22CIND4 Dimethomarph
12| 29827406 1.4/ C1BH3ANO2 Sairoxamine
RER 304.26349 11.3|C20H33NO Fenprapimarph
14| 2391202 B.1/C11H1BNAO2 Piriricarb
15 PIRN74AR A CINHT1CIRA Aretaminrid
<4153, bodgeote / 181
JDgaw'th AgtoShapes‘\\\DO‘|&v£vév5§§.e,
Ready | r NUM ==
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‘® TargetAnalysis Workflow s Gin

Compound Seeking

A | B | c | D | E [F[ &6 [ H [ 1 ]J][k] 3
14|2030927 204 CIOHIONAO  METAMITRON 41394052  x Ehrenstorfer 47 003 3

N

[M+H]* : 203.0927

Intens. | | " Intens | | 1 "
| || | ||

6000 6000
| || | ||
4000 - | " 4000 | ||
| || | ||
2000 - | || 2000 - | ||
] | | N X |
0 10 20 30Time [min] 0 10 20 30Time [min]

- Calculation of the theoretical mass of [M+H]* from the sum formula
- Calculation of the corresponding EIC (smoothed, mass window specified in TA)
- “"Find compounds”

- Reject peaks which are not within the allowed retention time window

Bruker Daltonics



‘® TargetAnalysis Workflow s Gin

Compound identification

'ntenj 1#MS, 19.0-19.5min #(756-777), found: METAMITRON (C 10 H10 N Intens. 44MS, 19.0-19.5min #(756-777), found: METAMITRON (C 10 H 10 N
x10% 4 J
7 69.0419 6000 203.0932
6 - ST ]
| I 40004~ > Ok!
4 -
5 2000
- 203.0932 'L 201.1199 1 208.1373 213.1521
04 — O b b it e et e et ik e bl ik st e o
8000 L : METAMITRON; (P: 0, F: 0, R: 988, M: 1000) 8000 41 : METAMITRON; (P: 0, F: 0, R: 988, M: 1000)
6000 — 203.0927 6000 - 203.0927
1 1 Am 0.5 mDa
4000 4000 2.3 ppm
- sigma 0.0120
2000 - 2000
O .- T T T T |- O 7 1 1 1 1 I I I i I i I

ot LA L L L L DL L AL AL A DL L L L I ' ' ' i i ' '
100 200 300 400 500 m/z 196 198 200 202 204 206 208 210 212 214m/z

- Calculate mass spectrum, check mass accuracy and SigmaFit™

- Reject/accept compounds using criteria for mass accuracy and sigma value
- Rating and display of results

Bruker Daltonics



Multi-Target Screening of 750 BROKER
Pesticides in a Single LC/MS Run

Application on real samples:
Sweet pepper :

Found Compound Marme Reg.Mo. Mol Formula PMI  dRT[min] Err[ppm]  Err [mDa] msigma Area Intens. RT,exp.[min]  RT,meas.[min] mjz,calc. | mfz,meas. Algorithm
+++ Azoxystrobin 131860058 C22HISMN3OS [M+H]+ -0.03 2.2 0.9 FolE 43393 5735 §.94 .97  404.1241 404,1232  Chromatogram
+++ Chlorpyriphos 292102 C9H12ZC3N103P151 [M+H]+ -0.02 1.2 0.4 19.6 547356 12476 12.66 12.68 349.9336 349.9332  Chromatogram
+++ Imidacloprid 13826103 COHI1CIINSOZ [M+H]+ 0.00 2.1 -0.5 44.0 5510 1259 4.71 4.71  256.0596 256,0601  Chromatogram
+++ Iprodione FEFIM07 O CISHI4CIZMN3IO3F [M+H]+ -0.00 0.7 0.2 39.6 1276 357 10,44 10.44  330.0407 330.0405 Chromatogram
+++ Ipradione (Ma) 3673407 CI3HI3CIZN3Nal103 [T11+ -0.00 1.0 -0.4 43.5 1005 Z70 10.44 10.44  352.0226 352.0230  Chromatogram
+++ Kresoxim-methyl 14339000 CISHZ0M1O4 [M+H]+ 0.00 1.6 0.5 2.0 94125 19979 10.73 10,73 314.1387 314.1382  Chromatogram
+++ Kresoxim-methyl {MH4) 14339000 CISH23MZO4 [M+H]+ 0.01 2.3 0.8 16.0 52705 11214 10.73 10,72 331.1652 331.1645  Chromatogram
- Metalaxyl 9783701 CISHZEN1O4 [M+H]+ -0.02 5.2 -1.5 290.6 3103 675 §.15 g.20 =250.1543 280.1555  Chromatogram
--- Methaormyl 1675205 CSHIINZOZ251 [M+H]+ 0.04 4.4 -0.7 199.5 3217 386 il 4.09 163.0536 163.0543  Chromatogram
++ Methomyl Fragm 85 1675205 C3HAEMN151 [M+H]+ 0.04 4.3 0.4 36.6 54z 138 il 4.09 §58.0215 88,0212  Chromatogram
++ Crcanmyl 2313500 CYHI14M3IO3551 [M+H]+ 0.00 4.4 1.0 §2.7 2849 503 3.73 3.73  220.0750 220.0741  Chromatogram
+++ Crecanyl (MH4) 2313500 CFYHIYMN40351 [M+H]+ -0.00 0.z -0.0 32,1 &0032 10346 3.73 3.73  237.1016 2371016 Chromatogram
--- Crcamyl Fragm 72 2313500 C3HEM1O1 [M+H]+ -0.00 10.3 0.7 9.6 3743 639 3.73 3.73 72,0444 72,0436  Chromatogram
+++ Crcamyl Fragm 90 2313500 C3HESM1OZ [M+H]+ -0.00 0.7 0.1 B.1 18322 2601 373 3.73 90,0550 90.0549  Chromatogram
++ Penconazole GE24606 C1SHI16CIZM3 [M+H]+ -0.00 0.5 0.2 61.9 10727 2320 10,51 10,51 =2584.0716 284.0714  Chromatogram
+++ Procymidone 3280908 C13H1ZClzM102Z [M+H]+ -0.01 2.3 0.6 15.5 7169 1482 10.20 10,21 2584.0240 284.0233  Chromatogram
++ Procymidone (MH) 3280908 CI3HISCIZMNZO2Z [M+H]+ -0.01 4.5 1.3 19.9 25823 5285 10.20 10,21 301.0505 301.0492  Chromatogram
+++ Peyrimethanil 5311200 C1ZHI14MN3 [M+H]+ 0.00 0.6 0.1 258.0 29055 5231 9.43 9.43 200.1152 200,1181  Chromatogram
+++ Triadimenal 5521903 C14H19CI1IMN3OZ [M+H]+ 0.00 0.9 0.3 29.58 13470 1945 9.91 9.91  296.1160 296,1158  Chromatogram
+++ Triadimenal {Ma) S5219053 CI4HIECIIN3INal1O2Z [T11+ 0.00 1.2 0.4 22.7 9521 1742 9,91 9.91 318.09580 318.0976  Chromatogram
+++ Trifloxystrobin 14151707 C20HZ0F3MZ04 [M+H]+ 0.01 0.9 0.4 34.0 2087 562 11.59 11.58 409.1370 409,1366  Chromatogram

Endive (cekanka):

Found Compound Marme Reg.Mo. Mol Formula PMI  dRT[min] Err[ppm]  Err [mDa] msigma Area Intens. RT,exp.[min]  RT,meas.[min] mjz,calc. | mfz,meas. Algorithm
+++ EBoscalid 18842506 C18H13ClzMz0O1 [M+H]+ -0.00 1.5 0.5 4.0 30512 6121 9.35 9,38 343.0399 343.0324  Chromatogram
++ Chlorpyriphos 292102 C9HI1ZC3MN103P151 [M+H]+ -0.02 1.6 -0.6 59.4 2061 420 12.66 12.68 349.9336 349.9342  Chromatogram
++ Imidacloprid 13826103 COHI1CIINGSOZ [M+H]+ -0.01 3.6 0.9 16.2 48616 9731 4.71 4,72 256.0596 256,0587  Chromatogram
++ Linuron 33002 COHIUICZNZOZ [M+H]+ -0.01 3.4 0.5 19.6 10477 2034 9.27 9.28 249.0192 242,0184  Chromatogram
- Metalaxyl 5783701 C1SH2ZN1O4 [M+H]+ -0.02 0.5 -0.2 233.0 23509 4496 g.18 g.20 2801543 280.1546  Chromatogram
+++ Propamocarb 2457905 COHZIMEOZ [M+H]+ -0.02 1.5 0.3 0.4 9515110 TE1054 3,40 J.42 189,159 189,1594  Chromatogram
+++ Pyraclostrobin 17501300 CI19HI19CIINIO4 [M+H]+ 0.01 2.0 0.8 28.3 16424 3445 11.16 11.15 388.1059 388,1051  Chromatogram

Pomelo:

Found Compound Mame Req.Mo. | Mal Formula PMI  dRT[min] Err[ppm]  Err [mDa] m3igma Area Intens.  RT,exp.[min]  RT,meas.[min] = myz,calc.  mfz,meas. Algarithm
++ Chlorpyriphas 292102 C9HI12CI3N103P151 [M+H]+ 0.00 3.5 1.2 33.3 gel0 2272 12.66 12.66  349,9336 349.9323  Chromatogram
- Cyprodinil 12155202 Cl4HI6N3 [M+H]+ -0.06 2.5 -6 212.2 1004 179 11.02 11.08  226,1339 226,1344  Chromatogram
+++ Methidathion 95005 CEHIZNEZO4P153 [M+H]+ -0.01 1.1 0.3 35 31205 5495 §.67 §.65 302.9691 3029688  Chromatogram
+++ Methidathion (MH4) 95005 CAEHISMN3IO4P153 [M+H]+ -0.01 0.z 0.1 5.5 27494 5569 §.67 §.65 319.9957 319.9956  Chromatogram
++ Methidathion Fragm 145 95008 C4HSMNZOZS51 [M+H]+ -0.01 3.6 0.5 12.1 12030 2393 §.67 g.608 145.0066 145.0061  Chromatogram
+++ Prochloraz 6774705 CISH17CIZM302Z [M+H]+ -0.00 1.2 0.4 7.9 SE576 11145 11.23 11.23 376.0351 376.0376  Chromatogram
+++ Triazophos 2401708 C1ZHIPN3O3P151 [M+H]+ 0.01 0.1 -0.0 4.5 35161 5261 9.89 9.88 314.0723 314.0723  Chromatogram

Bruker Daltonics



Overview of the talk ':oag"

e Applications in proteomics:

« PRIME - combination of nanoLC-ESI (amaZon/impact) and
nanoLC-MALDI (ultraflextreme MALDI-TOF/TOF) for ID of
proteins

Bruker Daltonics



Proteins and peptides -%n

Separation of Proteins and Peptides

e Liquid Chromatography - HPLC, CapLC, NanoLC, 2D NanoLC etc.

e Capillary Electrophoresis - CE

e 1D and 2D Gel Electrophoresis

o Affinity Chromatography (eg. magnetic beads - HIC, IEX, IMAC, Prot-G, etc.)

Characterization, Identification and Quantitation of Proteins and Peptides,
Localization of PTMs, Top-Down and Bottom-up proteomics

MASS SPECTROMETRY!!!

Mass Spectrometer

Ionization Source Ion Optics/Isolation Detector

Electrospray (ESI, - High Capacity Ion Trap (or LIT)
NanoESI) Quadrupole (Q) FT ICR

MALDI (SELDI) Time of Flight (TOF) Time of Flight (TOF)

Bruker Daltonics



ESI-based MS detection

NanoESI - nanoElectrospray

MS and
MS" spectral -
(CID/ETD)

MS and
MS/MS spectre
(CID)

Dry Gas Collision
Heater Dual Ton Funnel Hexapole Gas Supply

c.l..]_ g """J

Sprayer

o

= maxXis impact

API Spray Chamber

qQ-TOF and UHR-TOF

Bruker Daltonics




MALDI - based MS Detection -ggn

regulace
intenzity
heanol \aseru \ / laser

deska o L % mel;

S8 wIorkem -

reflekiorovy reflektor finedrni
detektor (iontove zroadio)  detekior

MALDI = Matrix Assisted
Laser Desorption-Ionization

lasaravy papreak 1 ﬂﬂzr “
W .

L krystaly matrice - Time of Flight (TOF)

urychlovaci bréns -
napéti
elekiricke vakuavé
Salky pumpy

molakula vzorku

deska s vZorkem

ultraflextreme

AutoflexSpeed - TOF/TOF \«
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Full Coverage of Technologies and _ggn
Bioinformatics to Reveal the Proteome

The Proteome:

« far more complex than was ever expected
 highly dynamic in time, space and concentration

* highly variable due to modifications and mutations

requires complementary methods to generate
reliable and complete information:

s ' Knowl
Bottom- Top- Identify Egtvl\',i:\?:le
up down .
PTM MALDI . Reportin
-
ESI & MALDI
Characterize Archivin
data L 9 ]

proteinscape
Bioinformatics

prime

Bruker Daltonics




Bottom-up Protein Identification .gg.

Any platform can make it!
Don’t forget their other skills !

maXis Impact:
3017

protein IDs

34583
25345 (6 ug)

Peptide ID’s(2 pg’

trypsin digested .

290 min gradient

a 1500

ultraflexXtreme: amaZon Speed:

2544
2840
protein IDs ;;;‘3‘;‘“% IDs
11960
Peptide ID’s(6pug) Peptide ID’s (5 pg)
All protein numbers with FDR < 1%. Bruker Daltonics



Bottom-up Protein Identification .gg.

Clear benefit provided by ESI/MALDI
complementarity

prime

maxis :
i Impact ;

ESI+MALDI:
3526

non-redundant
Protein protein IDs
Extractor added ~20% by

. (proteinscape)  combining ESI and
) MALDI

" 017 proteinIDs

ultraflextreme
= ‘

o o Takes 3
2840 proteinIDs =
* 1000 1500 2000 2500 it it e mouseCIICkS
in proteinscape
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maXis impact Performance 'gg"

Average mass accuracy
on 10,000 id’ed peptides

- +/-1.64

ppm Covering the entire m/z
range for MS/MS at 20 Hz

no of peptides
o
8

400
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2.5
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200 ]
207 y(12)
b b (5
0 ]
= _
Z 1.5 y(23)
a
E v (10)
] v (8)
10— ¥ (2)
] b (13)
B y(22)
0.5 ] 5 y(21)
y (20)
i y(17)
] | I I L] |
0.0 — b N TR T I“ L |||| A ..| ol 4 A J .l.nﬁL l. Al I . y | || | | I | 1
et e e e e e e e e e e e e e p et e e e e e e e e
200 300 400 500 00 700 300 300 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 000 2100 2200 2300 2400 m/z
VI Cmpd 15666, +M5n(1280.627930), 94.3 min [Cmpd 15666, +MSn(1280.627930), 94.3 min]
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Dynamic range of the maXis

impact '&%‘

1.1 pmol
8 o ‘ \ 110 fmol
= : complete 4 decades
a o | : ] 11 fmo| ©f concentrations
=
g
= 1.1 fmol

s a L ~ ™~ AN ~ ® ~ A AN

s e
S &

& Taylor Cone Spray y

> & . &
S5, Funneledin Gas

é&&‘“q@‘“ . Distribution Manifold E
o@“ of CaptivSpray "
© Source Etch Taper™ MS Inlet ﬂ

Emitter Tip i

UPS-2 ¢ :

i NATN daltonics



amaZon speed - scan modes and .gg.
resolution

- XtremeScan with 52.000 u/sec for real resolution of 2+ ions
* Full usability for MS/MS applications

XtremeScan 2 +ions 52.000 3000

UltraScan 3 +ions 32.000 3000

Enhanced 4 +ions 8.100 3000

Resolution

Maximum 8 +ions 5.200 3000

Resolution

Extended Mass 27.000 6000 - e

Range  Scanmoce FWHWM |

Peptide Scan XtremeScan <0.50

MS 4+ions 8100 3000

MS/MS 2+ions 52.000 3000 UltraScan <0.40
Enhanced Resolution <0.30
Maximum Resolution <0.10*

* For multiple charged ions

Bruker Daltonics




New analytical performance levels for -gg"
- 8 Hz MS/MS speed

 Aquisition speed in MS/MS leading to drastically improved duty cycle

|

Intens.”
MS Top 10
e Mms
| 5114
- 7055
4
2,
4214 B P
5354 Boz IR 7194 846.0
4554 G54 4 1524 0 1760 Jl J
0 bkl ‘11'?11 I dard LgL‘ W ‘
400 500 600 700 800 900 miz

Aquisition speed
Y S
7a®
6 &@
52 @
& o
2.4 .
1 .’ . .“!.-::Au el . -
MS @~ 1230ms / 8Hz
& |e >

| 2696.0 26965 2697.0 2697.5 2698.0 2698.5(timels) Briikei Daltoriics



siGReR

Averaged Mass accuracy — amaZon
speed

« Typical mass accuracy for a proteomics data set: ~ 33 mDa in average

3000 -
2500
2000 -
1500 -
1000 -

500 -

0 LI B R B B B = A — =TT

ST N T TP PP P S - R N U L
RN NPT ST T I ES

#

deltam/z
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Covering a wide dynamic range sRGier
with amaZon speed -UPS-2 standard

We are able to identify proteins covering 5 levels of concentration!

ID over 5 levels of protein concentration — UPS-2 standard

25

0
5 20
2
o 15
o
=
2 10
=
£
o 5
=
0
§ Iy
& fw Taylor Cone Spray
& & Funneled in Gas
Distribution Manifold
of CaptiveSpray
Source
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ETD in the amazon speed .&‘Qag.

A Pl

Fluoranthene

1. Electrospray Gate Lens (nCI) = block

ion accumulation

2. Precursor
ion isolation

3. Reactant anion
accumulation
(nCI source) 2

4. ETD fragmentation
A s
| s | | e——
5. Scan S i \ —
\_ Skimmer = block J
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ETD for analysis of
posttranslational
modifications (PTMs)

siGReR

« ETD is the solution for the assignment of modification sites
- outstanding software tools — ProteinScape/biotools

Abs. Int " 10e B
b FS——5——Q——T— —T—
=Tt G =Tt ——
b-Pi F—E——S—S—— 0 ——T—
¥ S ——T——T—=5——T—+G+—T—+—0 ——5 35— CI D
TGSESSQTGTSTTSSR
. Phosphorylationsite T1 or S37?
CID b-Fi8 y-18 12
autoMS/MS 3 ¥R b-Fi 12 y-Pi 16
h_E'[B At * 1000 hPi 1n wv1R 1 L
2 b-Pi 5 ! —
o b z+ —T——5 ——T—+G4+—T—+—0—+—5——5——E— ETD
84 J
Neutral loss N oees ome e s ) TGSESSQTGTSTTSSR v
detected? ya Y3 b4 b5 Ay . L
Ot : Phosporylation at T1? No! I
gl 200 400 BUO 250 116
200+
* No Yes 150+ il +112 113
1426 2427 | #4110 : |
Abs. Int_* 1000 ‘ |
7+1 |—T—.—5—1—T—|—w:~-o—T—|—c-—|—s—|—s—|—TG-r—T—| : 715 l
ETD of modified TGSESSQTGTSTTSSR ETD - Lm Lk LLIA- Aol Il L
peptide 200+ |1 1400 1800 rvz
Phosphorylation at S3? Yes v iy
250 zl
2001 z+1 15
1504 " z+:2? 1+IIEI 4110 z+||12 Z+l: 13 Z+]'-_.;
1001 18 T 41 11 ‘ | iy
5o 7‘.14 +.I25 7 | ) | Z‘D
74 +15 z+18 ' [ {
i oo b el i‘ A i lL"...l. in Hl__ll_;_
2 400 600 800 1000 1200 1400 1600 iz
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Overview of the talk 'E‘Eg"

o Applications in proteomics

- Top Down proteomics

Bruker Daltonics



Top-down Characterization

Prime: combine different MS technologies

c IVIQ G ILFRTL

ISIC
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siGReR

De-novo top-down
sequencing of an intact
13.6 kDa Camelid antibody.

ultrafleXtreme

Calc. MW: 13618.6263 Da
Meas. MW: 13618.6271 Da

Mass error: 60 ppb

maXis 4G
h
Mass resolution > 40,000 \/\j\ \/\
\ \
N Vs
E— 1l

Confirmation of the expected
sequence by exact protein mass
and perfect isotope matching.

xxxxx

il




Top-down Characterization '&8"
Prime: combine different MS technologies

amaZon speed

VVVVV Im;“;ﬁ 9+
10+ i g -rH
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ETD/PTR spectrum of intact p-Interferon (MW ca. 22.5 kDa) with N- and C-termini
fully confirmed. The read-out extends up to the S-S crosslink at C31 - C141.
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MALDI Molecular Tissue Imaging: _gg,

The spatially resolved molecular view into biology
and disease

Prime: compines MALDI for discovery, ESI for top-down identification

The MALDI Molecular Imager™
comprises the whole MALDI
Imaging workflow.

¢ Sophisticated software
for biostatistical analysis
for expression profiling

¢ Dedicated
software for data
acquisition and
data visualization

e The ImagePrep-

automated & e mass spectrometers with
reproducible matrix optimized laser (smartbeam
application technology)

Plus ETD for top-down

biomarker ID ,
49 Bruker Daltonics




MALDI Molecular Tissue Imaging: _&g,

The spatially resolved molecular view into biology
and disease

Prime: compines MALDI for discovery, ESI for top-down identification

HPLC
fractionation of
intact proteins

ultraflextreme

HER 2+ Breast Cancer Tissue:
Discovery of a putative biomarker
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Full Coverage of Technologies and
Bioinformatics to Reveal the Proteome

siGReR

i g Knowl
Bottom- Top- Identify Eg::i:\?;e
up down .
PTM MALDI
Analysis Imaging
ESI & MALDI
Characterize Archivin
data < ]
.

proteinscape
Bioinformatics

Quantify Reporting ]

N

prime
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