ultrafle Xtreme TOF/TOF

Re-defining MALDI-TOF/TOF performance in

proteomics & protein characterization




News at Bruker Corporation And News at Bruker s.r.o.BZ.%R

Bruker Daltonics s.r.o. -> Bruker s.r.o. (1.9.2011)

 Bruker Daltonics LifeScience/CAM/CBRN
 Bruker s.r.o. = Bruker Daltonics Life Science only (CZ/SK)
2X sales, 3-4x service and application, 2x admin
- newly also = Bruker AXS (XRF, XRD, SCXRD, uXRD) (CZ only)

1x sales, 1x service

« MALDI Biotyper = 18 units in the CZ, 2x in SK
Extended service and application support needed

 Bruker Daltonik GmbH in 2011
— purchase of Michrom nanoHPLC/CaptiveSpray
- maxis 4G and maxis impact & amazon speed (ETD),
- SCION GC-MS/MS
- PRIME complete proteomics solution



Bruker Daltonics
Life Science Mass Spectrometry

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

ESI- UHR-TOF Mass Spectrometry

ESI-Ion Trap Mass Spectrometry
ESI/MALDI-Q-FTMS

ESI-QgQ (from 2012)

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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Bruker Daltonics Product Li B(;'ZK(E)R
ruker Daltonics Product Lines
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Expression Proteomics PTM Discovery Accurate Mass
Determination
“The Formula Machine”

The ultimate in Accurate
Mass Determination

MALDI Imaging Expression Proteomics Ultra-high resolution

Metabolite ID Top-Down & Bottom-Up

Sub-ppm confidence:

Biomarker Discover '
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MALDI-TOF(/TOF) ESI-LC/MS"-Ion trap ESI-(Q)TOF/UHR-TOF FTMS
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Protemics through Integrated MALDI anf@()

Comprehensive
Knowledge Output
for Next Generation
Proteomics




Full Coverage of Technologies and o)
Bioinformatics to Reveal the Proteome BRUKER
(>0

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:
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Bottom-up Protein Identification
Bruker's MS enable greater proteome coverage in BRUKER

bottom-up proteome analyses

1 ug trypsm

500 2000

maXis Impact:

2,059
protein IDs

9,873
unique
peptides

ultraflexXtreme:

1,506
protein IDs

5,550
unique peptides

amaZon Speed: Highly increased

1,516 f speed: 2x MS/MS

. spectra/time >more
protein IDs Ly peptides sequenced
6,682 and id‘ed
unique peptides

All protein numbers with FDR < 1%.



Bottom-up Protein Identification
Clear benefit provided by ESI/MALDI BRUKER
complementarity

prime
ESI+MALDI:
2,425
non-redundant
‘59prote.in.IDs 5 prOtein IDs
" Protein (added ~20% by
Extractor combining ESI and
ultraflextreme . (proteinscape) MALDI)
Takes 3

mouseclicks
in proteinscape

06 proteinIDs [§




uItraerXtreme:

Re-defining MALDI-TOF/TOF performance in BZ.%R
proteomics & protein characterization

smartbeam™-II laser:
True kHz acquisition speed
in MS and MSMS

Perpetual™ jon source:
Laser based self-cleaning
within 15min

PAN/FlashDetector™:
Unrivaled broadband
resolution up to >40,000
Low amol sensitivity

4GHz digitizer:
Superior mass accuracy
<5ppm (external cal.)
<lppm (internal cal.)
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MALDI = Matrix Assi L D ion-Ionization
atrix Assisted Laser Desorption-Ionizatio BROKER

MALDI type of ionization produces mainly ions with
M ALDI low charges, thus mass range of detector must be
wider
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uItraerXtreme:

Perpetual™ jon source: Laser based self-cleaning within
15min for improved robustness & minimum instrument down time

Source extraction cleaning ready for acquisition
plate before

Temperature

01 2 3 4 5 6 7 8 9 10 11 12 13 14 Time (Min)



uItraerXtreme:

PAN/FlashDetector™: Unrivaled broadband resolution
up to >40,000
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uItraerXtreme:

4GS/s digitizer: Superior mass accuracy <5ppm (external)

<lppm (internal)

Abs. Int. > 1000
Internally recalibrated 1567.74226
120 347359
. . . 1478.52281 '
927.49341 peptlde Mass flngerprlnt 106-117 155465191
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uItraerXtreme:

On-axis linear detector: Outstanding performance in

HMW measurement

g 1 Human serum albumin (66kDa)
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uItraerXtreme:
On-axis linear detector: Outstanding performance in

<)
BRUKER
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HMW measurement
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uItraerXtreme:
Application examples

<)
BRUKER
( ><

Proteomics:

Accelerated analysis of complex proteomic samples at improved
resolution and mass accuracy:

- LC-MALDI analysis of 500ng E.coli digest

Protein characterization:
MALDI top-down terminal sequencing of intact proteins:

- by-products in a recombinant TAU protein
MALDI Imaging:

TLC-MALDI for Lipidomics



uItraerXtreme:

Accelerated analysis of complex proteomic samples
at improved resolution and mass accuracy

Showcase:
LC-MALDI analysis of 500ng E.coli digest

proteinscape




uItraerXtreme:

Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest

LC system: Bruker EASY-nLC

Trap column:
Analytical column:

LC gradient:

MALDI spotting:

MS calibration:
Data analysis:
MASCOT search:

Result compilation:

Nanoseparations RP-18 capillary, 100pm x 2cm, 5um particles
Pepmap 100, 75um x 15cm, 3um particles, 300nl/min

Gradient I (medium): 2 ... 45% B within 2 hours [~
Gradient II (long): 2 ... 45% B within 3 hours
(A: 0.05%TFA in H20; B: 0.05%TFA in 90/10 ACN/H20)

Bruker PROTEINEER fc II

Gradient I: 2 x MTP AnchorChip 384TF; 768 fractions :

Gradient II: MTP AnchorChip 1536TF; 1152 fractions

MALDI matrix HCCA -
external calibration (Bruker Peptide standard II)

Bruker ProteinScape s

Database: Swissprot |

Taxonomy: E.coli

MS tolerance: 15ppm

MS/MS tolerance  0.5Da

ProteinExtractor pI’Otei nsca pe




uItraerXtreme:

Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest

1000 Hz acquisition speed in MS and MS/MS mode:

< 3s per MS spectrum
< 5s per MS/MS spectrum
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uItraerXtreme:

Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest (gradient I)

min. arb, u. * 1000
-120

110
L100
Lan
50
L70
L60
50
L40
30

20

>18,000 compounds
detected
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uItraerXtreme:

] - BRUKER
Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest (gradient I)
min. arb, u. * 1000

~120
~110
~100
-390
80
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60
LC fraction @ tz=69min
50
40

30

20

~10




uItraerXtreme

Analysis of complex proteomic samples

LC-MALDI analysis of 500ng E.coli digest (gradient I)
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uItraerXtreme:

Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest (gradient I)

min. arb, u. * 1000
-120

110
100
90
50
70
50
50
40
30

-20

9,753 MS/MS spectra
acquired

~10
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uItraerXtreme:

Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest (gradient I): MS/MS mass accuracy

(><)
ROKER

|Abs . Int. * 1000 Abs. Int. * 1000
Abs.Int* 1000 S 1
a : — |—| 55- v1o
b F G_| ol — T } L } : t L 50-
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200 400 600 800 1000 1200 1400 1600 1800 m/z
Gly Met Gly Pro Glu Asn Thr Leu lle Leu lle Asp Gly Lys Pro Val Ser Ser Arg
lon |1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
a -0.0523| -01172 0.0604
b 00026 -0.0146 -00796| -00658| -0.0509| -0.0436| -0.0431| -0.0749 -0.0255 0.0501
y -0.0084 | -00513| -00886| -00794| -00944| -01062( -00709| -00707| -00552| -00314| -00195| -0.0322| 00085| 00464 00615 00719 -0.0578
i -0.0038| 0.0320 -0.0056| -0.0056| -0.0056| -0.0056 -0.0038 -0.0060
| Arg Ser Ser Val Pro Lys Gly Asp lle Leu lle Leu Thr Asn Glu Pro Gly Met Gly

Average fragment mass deviation: 0.045Da




uItraerXtreme:

Analysis of complex proteomic samples
LC-MALDI analysis of 500ng E.coli digest: Data organization & analysis in ProteinScape

MProteinScape - Demo - hbappprotein1 @l - |D|5|
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uItraerXtreme:

Unparalleled performance in MALDI top-down terminal
sequencing of intact proteins

Showcases:
- rapid quality control of monoclonal antibodies

- characterization of by-products in a recombinant TAU protein




uItraerXtreme:

MALDI top-down sequencing (MALDI-TDS) of intact BZ.%R
proteins




uItraerXtreme:

MALDI top-down sequencing (MALDI-TDS) of intact BZ.%R
proteins

+ MALDI matrix




uItraerXtreme:

MALDI top-down sequencing (MALDI-TDS) of intact BZ.%R
proteins

+ MALDI matrix

ultrafleXtreme TOF/TOF




uItraerXtreme:

MALDI top-down sequencing (MALDI-TDS) of intact BZ‘%R
proteins

ultrafleXtreme TOF/TOF




uItraerXtreme:

MALDI top-down sequencing (MALDI-TDS) of intact BZ.%R
proteins

+ MALDI matrix
In-source decay (ISD) upon

{4
VAN MALDI process:
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uItraerXtreme:

MALDI top-down sequencing (MALDI-TDS) of intact BZ.%R
proteins

+ MALDI matrix
¢ In-source decay (ISD) upon

4
R MALDI process:
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ultrafleXtreme TOF/TOF Sample prep + data acquisition in minutes!




uItraerXtreme:

MALDI top-down sequencing of intact proteins




uItraerXtreme: o)
MALDI top-down sequencing of intact proteins BLR%R

Abs. Int.
—N—"—T—+—E—+—R———M—+S+E+—Q—+—U—+—E—+—N—
H—M—+—R—+——E—+——T—+——C—+E+—C—+——N—+——E———U—+Q-

500- MALDI-ISD-TOF spectrum
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uItraerXtreme: o)
MALDI top-down sequencing of intact proteins BLR%R

Abs. Int.
—N—"—T—+—E—+—R———M—+S+E+—Q—+—U—+—E—+—N—
H—M—+—R—+——E—+——T—+——C—+E+—C—+——N—+——E———U—+Q-

500- MALDI-ISD-TOF spectrum

N-terminal fragments (c-type)

400 C-terminal fragments (z,y-type)

300+
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100+

o
' | ' ' ' ' I ! ! ! ! I ) ! ' ' I ' ' ' ' I ! ! ! ) I ! ! '
2600 2800 3000 3200 3400 3600 mfz



uItraerXtreme: Top-down sequencing of intact proteins

Characterization of by-products in a recombinant TAU protein BRUKER
(expected MW=25414Da)

(sample provided by Prof. M. Novak, Dr. B. Kovachech, Institute of Neuroimmunology, Slovak Academy of Sciences, Bratislava)

10 20 30 40 58 60 78
MIATP RGAAP PGQKG QANAT RIPAK TPPAP KTPPS SGEPP KSGDR SGYSS PGSPG TPGSR SRIPS LPTPP
80 98 108 118 120 138 148
TREPK KUAUU RTPPK SPSSA KSRLQ TAPUP MPDLK NUKSK IGSTE NLKHQ PGGGK VUQIIN KKLDL SNUQS
158 168 178 186 198 208 2108
KCGSK DNIKH UPGGG SUQIVU YKPUD LSKUT SKCGS LGNIH HKPGG GQUEU KSEKL DFKDR UQSKI GSLDN
220 230 240
ITHUP GGGNK KIETH KLTFR ENAKA KIDHG AE
= 400 1 MALDI-TOF analysis of protein MW:
8 i 3 0
-9 ] 8, Yo <t
£ ] g 3 Te)
300 - X 2 300- & o
. 2001
2001 5 1Y
T (o] i
4 O |
i i 100j
100 ]
7] 25200 25400
4 m/z JJ
0 T L_I_| A T T T T T T T T T e T T
16000 18000 20000 22000 24000 26000
m/z

MALDI top-down sequencing:

Characterization of minor components X and Y, resp.




uItraerXtreme: Top-down sequencing of intact proteins

Characterization of by-products in a recombinant TAU protein BRUKER
(expected MW=25414Da)

(sample provided by Prof. M. Novak, Dr. B. Kovachech, Institute of Neuroimmunology, Slovak Academy of Sciences, Bratislava)

Pre-fractionation by HPLC:

£ ] El | e I
%15003 S Comp.X % s004 Comp.Y 3 %000_ Expected 2
51250 : © S | & 5 | protein &
IS ] = = 8001 product
: 600
1000 - I
] | 600 -
750 400 - -
] | 400
500 |
250 1 200° 200
0 . ol J‘I\_ 0 _MMWJ | 0 ﬂk‘
10000 20000 15000 20000 25000 | 15000 20000 25000
m/z m/z m/z

T

MALDI top-down sequencing
]



uItraerXtreme: Top-down sequencing of intact proteins

Characterization of by-products in a recombinant TAU protein

(expected MW=25414Da)

(sample provided by Prof. M. Novak, Dr. B. Kovachech, Institute of Neuroimmunology, Slovak Academy of Sciences, Bratislava)

MALDI-ISD-TOF spectrum of compound X (16647Da)

Abs. Int. * 1000
C IGFO+KAGFOtAFN+AFTH—R— FAFKH K- FS+541G1 K- FO-+—R—
y |FY+H+K+-I+N+D+K—+3iGFHC—+K—=+S+0o+v+N+S+ L+ D+ L+ K+K+N+-I—+I—+ Q0 +V+KAGIGIGFP+ Q0 +—H—+K—+L-+NA
o MALDI matrix: Comp.X = truncated version [1-161]
10 20 30 40
94 SDHB MIATP RGAAP PGQKG QANAT RIPAK TPPAP SGEPP
60 78 80 90
g- PGSPG TPGSR SRTPS LPTPP TREPK KUAUU SPSSA
110 120 130 140
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uItraerXtreme: Top-down sequencing of intact proteins
BRUKER

Characterization of by-products in a recombinant TAU protein
(expected MW=25414Da)

(sample provided by Prof. M. Novak, Dr. B. Kovachech, Institute of Neuroimmunology, Slovak Academy of Sciences, Bratislava)

MALDI-ISD-TOF spectrum of compound Y (25284Da)

Abs. Int. * 1000
c IGFO4+K=AGFO+AFN+AFT+—R— FA K= K474 FS4G FP+K=+S4GFD+—R—  —Y—+54
v [FAFK=AFN4+E—+—R—F =T+ L+ K=+H—+T4+E—+I—+K—+K—+NAGIGIGFP+V+H—+T4I—+N-+D+L+546H—+K—+5+a +v+R—
MALDI matrix: Comp.Y = N-term methionin deleted
55
10 30 40
o sDHB MIATP RGAAP PGQKG OQANAT RIPAK TPPAP KTPPS SGEPP KSGDR SGY
= 60 70 8@ 90 100
45 PGSPG TPGSR SRTPS LPTPP TREPK KUAUU RTPPK SPSSA KSRLQ TAPUP
: 110 120 130 140 150
40, MPDLK NUKSK IGSTE NLKHQ PGGGK UQIIN KKLDL SNUQS KCGSK DNI
160 170 180 190 2
354 UPGGG SUQIU YKPUD LSKUT SKCGS LGNIH HKPGG GQUEU KSEKL DFK
210 220 230 240
3.0 UQSKI GSLDN ITHUP GGGNK KIETH KLTFR ENAKA KTDHG AE
25-
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uItraerXtreme:
Integrated part of Bruker s complete MALDI Imaging solution

Ultimate performance in MALDI Imaging:

e 20pum spatial resolution (smartbeam-II)

 True kHz acquisition speed

e Laser-based ion source self-cleaning within 15min




Principle of MALDI Imaging

34 M. Stoeckli et al. | Analytical Biochemistry 311 (2002) 33-39

Molecular Images

1
-M,,',m

MALDI TOF MS 4000 6000 8000 10000

m/z

Fig. I. MALDI MS imaging process: Cryostatic sections are fixed and coated with matrix, before they are analyzed in a TOF MS. Specific software is
used for image acquisition and calculation of image data.

Monitoring of Biomarker Tissue Distribution




uItraerXtreme:
FlexImaging software BRUKER

File Edit View Tools Compass Help

BEHE B |k @ e 4 B o B oo 0B § 4 Qi v &

Spatial distribution of selected mass

Peak intensity is color coded

Overall
average
spectrum

: «— Currently displayed mass I'4

10;
0 DU ,_/k_h_,_
T T T T T T T T T T T
4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000  miz
Filter List: | None v |x Add... 1 Measurement Region(s), 20185 Position(s) No Function Mo Function
[ Filter Name: Filter Method Hits [ Region Raster (um)  autcXecute Method  [J Spectum =~ 4
& 6718.903Da+8Da 20175 01 80,80 Imaging_sod m] |
[] Cerebral Cortex ROI [m} .
[] Hippocampal fo... ROI of
[] Thalamus ROI Ol v
For Help, press F1 MIB ¥=16468.9 mfz Y= -2.95a.u.



uItraerXtreme:

FlexImaging software BE.%R

rode bl L b L

2500 5000 7500 10000 12500 15000 17500 20000

MALDI Imaging is a multiplexing technique!
- 000000



uItraerXtreme:

ClinproTools software: BRUKER
Toolbox for statistical analysis of MALDI Imaging data L.X.)

M ClinProTools [Class 1: ROI_1, Class 2: ROI_2, Class 3: ROI_3, Class 4: ROI_4]
Vi Data Prey | Analysis Reports

Model Name | Algo... | CrossV... | Recogn.. | State Date/
Rat_Brai U QE 9427% 9495%  Loaded 2006+

ClinproTools provides algorithms required for both unsupervised
and supervised multivariate data analysis.
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Ultimate performance in MALDI Imaging: BRUKER

(<O

High resolution (20um) imaging of rat testis performed @ khz speed

Histological image MALDI images
) r e g TP T ”;’ T d

L
A AT
e

" & ol o e e
e : by SR

200um
|—||'I

Sample by courtesy of Charles Pineau, 3457 Da 5455 Da 10261 Da 6263 Da 2396 Da

Rennes, France
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Ultimate performance in MALDI Imaging: BRUKER
High resolution (20um) imaging of rat testis performed @ khz speed

3457 Da 5455 Da 10261 Da
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Ultimate performance in MALDI Imaging: BRUKER
High resolution (20um) imaging of rat testis performed @ khz speed

3457 Da 5455 Da 10261 Da




<)
BRUKER
( ><

uItraerXtreme:

TLC/HPTLC-MALDI coupling

for compound detection
&
structural analysis
(e.g. of lipids)




uItraerXtreme:

HPTLC-MALDI coupling for lipid analysis: 532ng/band of a BRUKER
standard lipid mixture

MS

Chromatogram

7 cm

500 600 700 800 miz
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HPTLC-MALDI coupling for lipid analysis: BRUKER
Sensitivity shown for 133 - 532ng/band of a standard lipid mixture

PG 16:0/16:0 Na, 7675
me b h. L, ,

PE 16:0/18:1 Na, 762.5

PA 16:0/16:0 Na,

PC 16:0/18:1 760.5
725.6
SM 16:0 Na
524.4
L LPC 18:0 o

L N P P . 22 IRR 200 7
500 550 600 650 700 750 133 200 399 932 ng
MALDI spectra obtained from 133ng/band




uItraerXtreme:

HPTLC-MALDI coupling for lipid analysis:
Structural elucidation by MS/MS
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MS/MS Analyses right off

the HPTLC plate
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