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Design Philosophy

We have employed a modular design philosophy, where a number of
systems/modules are common to all three initial products.

Reduces complexity
Delivers advantages for manufacturing and supply chain.
Facilitates our simultaneous introduction of multiple products

Enables options that respond to the needs of specific customers and
applications.

Deliver a robust/reliable product that consistently performs as intended.
Design for manufacturability and serviceability

Build on decades of experience designing, building, and maintaining
instruments, particularly mass spectrometers

Keep the manufacturing process as simple and straightforward as possible
Ensuring adequate access for testing, troubleshooting, and repair.



Technical Advances in SImulTOF 100 Linear
MALDI-TOF

20 kV source and novel high speed, high mass detector provides very high sensitivity,
resolving power, and accuracy over broad mass range

isotopic resolution below 3 kDa, and isotopic envelope resolution for high masses to
50 kDa

High laser rate (5 kHz) and high acquisition rate (up to 50 spectra/s) makes tissue
imaging practical

Proprietary ion optics and high laser rate provide sensitivity and dynamic range
limited only by chemical noise

Resolving power>4000 @2465 Da

Resolving power>2m for full range from 100 to 2000 Da

Mass range 100Da-500 kDa

Mass error <30 ppm across the plate over the mass range 300-30,000 Da with single
peak automatic calibration

Dynamic range up t0100,000



Typical single ion pulse
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Applications of MALDI-TOF

Pathogen ldentification

Cancer typing directly from serum, tissue extracts, and
other bodily fluids

Tissue imaging

— Proteins for cancer typing

— Small molecules for drug disposition
Biomarker ldentification and Validation

— Mass Spec Immunoassay

— Peptide quantitation (SISCAPA and others)

Clinical assays of biomarkers for diagnosis and
treatment

QC of synthetic olignucleotides, peptides, proteins and
small molecules



Performance of SImulTOF 100 Linear for
Complex Biological Samples

« Human Saliva
— Diluted 5:1 in HCCA matrix and spotted on MALDI plate
— 17 spots analyzed in linear mode over mass range 3000-3000
— 5000 shots summed to produce spectra
— At 5 kHz acquisition time is 1 second

« Serum sample
— diluted 1:10 in sinipinic acid
— 10 spots analyzed in linear mode over mass range 3000-3000

— 10000 shots summed to produce spectra
— At 5 kHz acquisition time is 2 seconds

« Oligonucleotides
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Volts

Examples of Superimposed Spectra from 6 spots across the plate illustrating dynamic

range and mass accuracy obtained in saliva analysis
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Sensitivity, Dynamic Range, and Reproducibility are Key Metrics
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Sensitivity, Dynamic Range, and Reproducibility are Key Metrics
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These are raw data. No normalization, background subtraction, smoothing
or other data processing has been employed.
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Conclusions

Resolving power 500-1000 over wide range is routine
Normalization to TIC removes most of amplitude variation

Each spot will yield up to 100,000 shots without degrading
resolving power or accuracy and giving dynamic range
limited only by chemical noise

Results might be improved by multiple levels of dilution
and use of alternative matrices

Mass error <30 ppm across the plate over the full mass
range with single peak automatic calibration

Dynamic range up t0100,000
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Specifications for SImulTOF 200 Combo MALDI-TOF

« Linear Analyzer (identical to 100)

20 kV source and novel high speed, high mass detector provides very high
sensitivity, resolving power, and accuracy over broad mass range

isotopic resolution below 3 kDa, and isotopic envelope resolution for high masses
to 50 kDa

High laser rate (5 kHz) and high acquisition rate (up to 50 spectra/s) makes
tissue imaging practical

Resolving power>5000 @2465 Da
Resolving power>2m for full range from 100 to 2500 Da
Mass range 100Da-500 kDa

« Reflecting Analyzer

Resolving power >20,000 at focus mass, >10,000 over range 800-3000 Da
Detection limits for peptides and small molecules <10 attomole/mL
Mass error <5 ppm RMS with automatic internal calibration
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m/z 788.5
qD

H&E Stain

F

Cerebellum

Lipids using prototype reflector

Figure 1: A 100 ym spatial
resolution lipid ion image of a
sagittal rat brain tissue section
using typewriter continuous
laser raster sampling acquired

in 10 minutes. A representative
spectrum is shown in A. The ion image
overlay (B) of signal from m/z 734.4 (C), m/z
788.5 (D) and m/z 806.5 (E) highlights the
differentiation of the spatial distributions for
the selected ions. These results correlate to
the H&E stained serial tissue section
highlighting structural difference between
grey matter, white matter and granular cells
in the cerebellum (F). Important
instrumental parameters:

3 kHz laser repetition rate,

5 mm/s sample stage velocity,
and 60 laser shots/spectrum
hardware average.

J. M. Spraggins and Richard Caprioli,
Mass Spectrometry Research Center and
Department of Biochemistry, Chemistry,
Pharmacology, and Medicine, Vanderbilt
University Medical Center

JASMS 2011
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Specifications for SIulTOF 300 MS-MS

High laser rate (5 kHz),multiplexed MS-MS (10x,) and high
acquisition rate (up to 50 spectra/s) makes tissue imaging and high
throughput LC-MS-MS practical

Proprietary ion optics and high laser rate provide sensitivity and
dynamic range limited only by chemical noise

High resolution precursor selection (>1000)

Provides both PSD and CID fragment spectra with high
sensitivity, high resolving power, and excellent mass accuracy

Performance substantially exceeds that of all existing MALDI
MS-MS instruments

Efficient structure determination for molecules detected by
MALDI-MS
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Imaging of lipids with positive ions



Wi
=

o
=

721.5503
717.5477

FL'MJ"'WJW sl

734.5870

7356127

| |736.5549
732. 3110
H 7336731 T41. 2?9

il

UMWML I’M

?3? 5515 325 7956
148484855 sa25 V163 9035 ’m 776, 64901 765, 5445 793.6228 L 804 ?556. 8147434

1ew totof data on local/mouse brain four middle dow

—— 772541 - 6428.802 rnean 5751.711 s.d. 64 % hits 54178.597 max

Y Position
=

Lad
Ln

Group:d Mumber:d 34

33

Te0.6073

102 103 ¥ 105 106 107 108 108 110 111 112 113
X Position

7616074
798.6290

7725778
762.6051

| J73.5870
761.1283

810.7197
?59 5083 JE8TI98 799 6043

7&4, 6161
808 6?31 8447342

]n' ?63 459?

—_—t—
,_-_-.-.—-

8306773
806.0758 513, 6298 8308116 P488232 BORETIZ go0 noe

L NI A Juwwmmwwm

70

72
M |crosecnnd s

100 shot spectrum from single 50x50 um pixel at 5 kHz



Volts

0.1 4
0.09
0.08 -
0.07 -
0.06 -
0.05
0.04 -
0.03 4
0.02 -

L F www

0.01

734.5741

7355705

?35 4553

746.5149

10,600 shots @ 5 kHz

Group:d Mumberd4, 58014621 Shots:10,600 Peaks:278

T760.5880
7615857
J62.5968 1775478 J98.6015
TE2.5887

756. 5434 774.5689[77 4 ;38:51 3 “801 5293 |B11.6745 8265951
765, 405 776. 551 Wi 275929 8166368

A36.7517

48,7968

73 74
Microseconds

75



MS-MS ’

2243975
Diacyl GPCho 34a:1
0.028 1
0.024
2 002
s 5224434
00161 496.3977
0.444 184 U021 22338
0008 4 §90.4438 4523150 974733 5734579
0.4 ' 2318095 2824006 74,3138 4223238 5045109 5509848
0.004 1 2440527 831%21.1553 3903288 24,3452 457 9(j24 SUSSWIIM
0.36 4 L
2 13 1 45 16 17 48 1 50 51 52
0.32 4 Microseconds
0.28 4
Q 0.24 4
=]
= 02
016+ 1857316
Ta0.498;
0124
0.08 4
0.04 4 .224.39?5
380358 502324 00N 1psoms 1630 | a:33se | joauds 3sazize | 4523150 224 o910 5gnn4?SEEDJSD
U | sl |

33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49 SO 51 52 53 54
Microseconds




0.0095

E—
2243910

0,009
0.0085
0.008
0.0075
0.007
0.0065
% 0006 551.5024 500.5726
= 0.0055 3913770
3403810
:{:: | pasieeo 2833308 312.i19§] 355,295 poLaal | e
2240688 2542601 3293140 4810874 549,2293 1.0623
0,004 fl
0.0035 | I'l y | o \ | }i
| | A | |
0.003 ” 1]
I)MZS‘WJ T B I‘ ] il L JJ
0.002 1 1 1 I
ElE 41 42 43 44 45 46 47 48 49 50 51
1843%% Microseconds
013
012
011
0.1
0.09
0.08
% 0.07
-
0.06
0.05
0.04
0.03 163.3171 ;;20.353.
T} I
0.02 147.0685 2222 720,601
~ 83910 117.975
0011391850 50,5310 864750 113.0681 | 55'2‘.:& 83,3308 340.38103913770 | 4a10874 3515024 2074

322 33 34 35 3/ 37 32|/ 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
Microseconds




MS-MS
Diacyl GPCho 38a:4

0.55

0.5

045

0.4

035

03

Volts

0.25

0.2

015

01

0.05

184,41 0005

0.016

0.015

2244643
|

6274973

0.014

0.013

2241381

0.012

?38.9905_‘

i

0.011

0.01

740.2358

Volts

1226.40

99

5244381

751.5141

0.009

0.008

0.007

ﬁ
Al

0.006 4}

|

0.004 {—

30611 sgaagg 507039

1250681
I — -

163.2805

224 4643
el

186.1818

£10.5084-

5244381
M..—-..!—-..-..—-u-.

6274973
A

7879793
ol | —

34 35 36 37 38 39 40 41

2 43

Microseconds

a4

45

45

47

48 49 50 51

52

53

54

55

56



0.016 2243528
0.015
0.014
0013
eolL 496.4663
0011
MS'MS ﬁ 001
Dlacyl GPChO 328.0 o0 226.3934 551.3002
0.008 296.1675
0.007 ZES.T?SH 422.2426
0.006 \ L [ —
= A b g
| °-°°“1WM | f M‘M | | mm
184, m 4 42 43 Y] 45 46 47 43 49 50
0.5 %% Microseconds
045
04
035
03
= 025
0.2
01s
185.3343
01
0.05 734.2621
i I
391071 584675 865719 | 1254789 1664096 2243528 | g0 9000 4772476 | 4964663 Jhgq,mﬁ
0 e e — e

meem 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
%l% Microseconds



MS-MS
Diacyl GPCho 32a:0+K*

1ew totof data on local/mouse brain four middle dow;///new totof data on local/four bottom 772 msm

—— 772,541 - 6428802 rmean 5751.711 s.d. 64% hits 54178 597 max e 7134 - 4794 884 mean 4583 860 <.d. 64% hits 46818.562 max

“mm -
‘ I l‘—"-‘--

Y Position
i oy

102 103 104 105 106 1074108 109 110 111 112 113 114

X Position X Position
— Group:d Mumber:5,72214422 Shots:8 100 Peaks:87
L 4 L J
77246
0.07 1
0.06 4 ‘
0054 713.38
2 oo 163.05
]
= 77015
00343901 157,91 ?1011-] :
184,16 '
0.02
4
86.15
9,55 164,26
0.01 s 22231 551 43 |7
04 5808 14716 Juse 24 26204 32001 I?N2
Moo gsos | s e 2 0] __,_ﬂilﬂwu_l_,_._%jfu\
e 32 3 35 3 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

Microseconds



Imaging of lipids with negative ions
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Mutiplexed MS-MS
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Backside illumination  Sample plate



Spatial Resolution and Speed

 Angle min spot(um) max scan rate at max res(s/mm?2)*
normal 25 16@ 5mm/s
30 deg 2.5 1600@ 0.5mm/s
180 deg 1 10000 @ 0.2 mm/s

*50 laser shots/spectrum @5kHz

50 kHz laser now available and may enable 10x further speed
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