Enabling Routine Isotopic Fine Structure Analysis

2w-MRMS with Quadrupolar Detection BRUKER
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Agenda B

e Part 1: Mass measurement and Isotopic Fine Structure (IFS)

e Part 2: Mass Spectrometry techniques and MRMS evolution

e Part 3: 1w and 2w spectra — harmonics detection

e Part 4: Applications
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Mass measurement

Macroscopic:

Scales

e.g.
Weight 88.8 kg

Resolution 0.1 kg

Accuracy = 0.3 kg (0.1%-range)

Single mass value but no information
on weight distribution (muscles/fat/brain)

Any assignment is guesswork (or wishful
thinking)
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Microscopic:

Mass Spectrometer

e.g.
Weight 800.630 amu
Resolution 0.01 amu
Accuracy = 2 ppm

Single mass value but (often) no information on
weight distribution (Carbon/Oxygen/Nitrogen)

Any assignment is guesswork, consequently:

EVERY DAY SMART MS

SCIENTISTS MAKE
AROUND INCORRECT FORMULA
THE WORLD ASSIGNMENTS




[sotopic Fine Structure (IFS)

Basics: Mass Defect

Nature offers a way to avoid wrong formula
assignments:

e Chemical elements consist of isotopes with
different abundance. E.g. carbon consists
mainly of 12C with 1.1% heavier 13C

e Due to the mass defect, the mass
difference between these isotopes are non
integer values, e.g. A(12C;13C) = 1.00335
Da

e The mass difference between different
isotopes are different

e Example: IFS of caffeine (measured with
7T 2xR)

IFS yields information on the elemental
composition of the analyte
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Required resolving power for IFS

Example: detection of sulfur compounds in crude oil, simulated peak width

C; vs. SH, 3.4 mDa split

Intensity ratio 1:1

— CyHgg, M+ ,500.43765 . . .
~ CZHZES, M+ 500.44102 RP: 100.000 RP: 200.000 RP: 500.000

Intensity ratio 1:5
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Required resolving power for IFS B

Example: detection of compounds in crude oil, simulated peak width

H,NO; vs. C,13CHN, 1.8 mDa split

— C4,"8CH,N3, M+nH ,481.34068
— CzoH,N,O5, M+nH ,481.34247

RP: 100.000
13CNO, vs. C,SH; 0.7 mDa split
— Cy"3CH4N,0,, M+nH, 473.31107
— CyHasNS, M+nH, 473,31179
RP: 100.000 RP: 480.000
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Required resolving power for IFS B

Example: detection of sulfur compounds in crude oil, experimental peak width

200 400 600 800 1000 ' 1200 m/z
o ﬂ 3.4 mbDa split S} -

400.21858 similar intensities
RP: 800.000 RP: 400.000

400.22197

400.21860 800.62497 800.62875
Moo.ooo RP: 200.000

400.22200
400.21861 800.62447 800.62985
Moo.ooo RP: 100.000
400.22196
400.21866 800.62794
moo.ooo RP: 50.000
m/z 400.22 m/z 800.62
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Required resolving power B

Example: detection of compounds in crude oil, mass error plots

18 = 236 ppb 7 = 169 ppb
10107 ions 15752 ions
3 5 600 T
s 1 o 500 +
A Nl 400 |
150 T il I ) E
g | 1 §300 +
8100 N §
E =200 +
7 100 +
0 C; llllllll 5 IIIIIIII 5 IIIIIII C‘} (o] o o (=] Hé lllllll (=] HB 0 o (=] (o] (=] o o (=] o I”CIJ” [=] (=]
RP: 200.000 (at m/z 400) RP: 800.000 (at m/z 400)
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Confident Assignment of sum formulae... B

... Is enabled by access to

Isotopic Fine Structure

information.

This requires
e High resolving power: > 500.000 over a broad mass range

e Very good mass accuracy: sub-ppm
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Agenda

Part 2: Mass Spectrometry techniques and MRMS evolution
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MS Detection Methods

[CoqHo6NgOsSTH*
What are the options? s

m/z 512

Low
Resolution

Electron Multiplier ]

for ion signal detection

50k

Microchannel Plates

for ion signal detection 100 k
2 250k
Image charge detection in

Electrostatic field 500k

J
Image charge detection in A /L/\ L 1M

I I 15
Magnetic field ) NA_3%S | 1.7M
A
13C 170
RZ);E‘Ii:;:n The MRMS detector distinguishes solariX and scimaX from other MS
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MS Detection Methods aggg;n
MRMS (o

e Dynamically harmonized ICR cell (DHC):
Harmonic, parabolic potential for all cyclotron
orbits

e Maximum resolution > 20M already at 7T 2xR

e Detector cell for the solariX XR and scimaX
series

e Detector cell for the NHMFL 21T instrument
based on DHC concept

ParaCell detector

I. A. Boldin, E. N. Nikolaev, Rapid Commun. Mass Spectrom., 25, 122, (2011)
E. N. Nikolaev, I. A. Boldin, R. Jertz, G. Baykut, J. Am. Soc. Mass Spectrom., 22, 1125, (2011)
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Making an MR Mass Spectrum B
Key Detection Technology

« The analyte ions enter our ParaCell Detector
located in a Magnetic field.

U

- Ions get Resonantly excited for detection:

ParaCell stabilizes also low abundant ion motion FID: I(t)
The analytes rotation in the detector is .
recorded for some detection time

FT
0 1 2 3 t(s)
Recorded ion motion (,transient", ,FID")
y I (w)
- After calibration a Mass Spectrum is created calibration
I(m/z)

200 300 400 500 600 700 800 900 1000 m/z
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MRMS Basics: B

Transient Length and Resolution

m | Al
: ::> ’\ h High
Long transient resolution
: . Medium
Medium transient > ““ resolution
Short transient Low .
resolution

MRMS can trade resolution for speed or speed for resolution
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MRMS BROKER
Not your parent’s FT-ICR MS (>

Magnetic Resonance Mass Spectrometry

mﬁf y 4 m m m m m
it

s e Fourier transform ion cyclotron resonance mass spectrometry FT-ICR MS
- is a technique invented in 1973.

e Commercially marketed as FTMS by Bruker starting in the mid 80s.
* Introduction of solariX in 2009.

e The ParaCell™ was introduced in 2013 with solariX XR and several
generations later, the modern FT-ICR MS was nothing like the ones from 40
years ago.

* Introduction of solariX 2xR in 2016 with quadrupolar detection.
* Introduction of scimaX in 2018 with Maxwell magnet technology.

Today MRMS defines the next generation of FTMS instrumentation.
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Bruker’s Magnet Technology B
NMR, MRI & MRMS: A long history of magnet innovations

Refrigerated Magnet Maxwell Magnet

« 7T, 12T & 15T magnets « 7T magnet

« Compact design * Very compact design

« Small stray field « Small stray field

* No Liquid Nitrogen * No Liquid Nitrogen

 Extended liquid Helium hold time  No Liquid Helium fill needed
(290 L Helium once a year)

* Biennial cold-head exchange * Biennial cold-head exchange

* Quench duct required ilf * No Quench duct required

solarix

scima)(
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Evolutionary steps towards B <ER
Isotopic Fine Structure (>
‘13(;4
34Q13 l
.
l — | L.
[Ub+g|-|]9+ 952570 952575 952,580

ﬁﬁ}‘- m/z

S ‘ | \ | €

% \ H |

2 Jum

= 953 954

- m/z -
s — solarix scima
§ [Ub + Na + 8H]9+ isotopic fine
S structure
= 951 953 955 957

[T} 8+

g m/z

@

=

= isotopes

'S 600 1000 1400 |

©

=

w

ﬂ charge states

adducts

Instrumental resolving power/molecular weight —)

Marshall, A.G.; Hendrickson, C.L.; Shi, S.D-H. Scaling MS Plateaus with FTICR MS, Anal. Chem., 2002, 74, 252A-259A.
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MRFA 2+ MRFA 1+ Calibrant
A+2 pattern A+2 pattern A+2 pattern
RP: 2,200,000 RP: 1,200,000 RP: 1,000,000

Isotopic pattern of MRFA 1+

MRFA 1+ 524.26498

Calibrant
622.02896

MBFA 2+
262.63614 Narrow peak distances 4 e Bruker MRMS s otherMS - Theory
stay constant with 238
MRMS. 2%
Other technologies cannot ¥ %é ! :
Routine Isotopic Fine Structure (IFS) provide reliable IFS g is
_ information as peaks < 16 .
« 1M resolving power also above m/z 200 coalesce with increasing iz
R S/N. I
- Broad band Isotopic Fine Structure / i1
« Precise IFS also at higher ion loads -
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scimaX- routine Isotopic Fine Structure

<)
BRUOKER
(>

-
Resolution IFS of Detection of ( Resolution IFS of Detection of ) (Resolution IFS of Detection of h
600k @m/z 307 A+2 peak  Gallocatechin 980k @m/z 195 A+2 peak  Caffeine 400k @m/z 459 A+2 peak Epigallo-

Mass error o | o Mass error gl . Mass error ~,.13c, catechin
175 ppb ° | 1, 47ppb | ‘il . Q CHy 51 ppb 180 il gallate
| PG HC N 459.&52211 45]“:2‘6575 I T OH
307.081283 H fg 195087643 13CIN ! i | /> | HO o. /@
157.088056 ‘ O)\'Iq N ‘\\ m OH
CHy ‘\ b o
o ° on
L. i | | i
\_ 300 ) \_ ) k-'_:&.)_'_'_'_h_séo_ )
1.04 1o
0.8
0.6
LCMS-ESI(+)
= . 1 14
Darjeeling tea, 1Hz ] g N
- ’ 17
scimaX . [\j PR /L LN\ i s 8
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Instrumentation
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Agenda

Part 3: 1w and 2w spectra — harmonics detection
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Dipole 1w detection scheme

Det e Alternating 90° Excitation, 90° Detection

+ segments
Exc A oEg Exc

@ e Dipolar rf exciation

- h
"" — e Dipolar detection of cyclotron frequency w
(ideal case)
D}I'/

@ Reserpine, m/z 609,
7T ParaCell

R =39 M (apodized)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 t(s)
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Dipolar 1w detection:
harmonics — simulated spectra

a) Centered cyclotron, a " DT b100 v et
no magnetron motion: o T AT
only uneven harmonics z® diifiaidiyy E® g r)g

£ 70 ! g 70 :
£ i £ 60 i

b) Off center cyclotr0|_'1, fe SR e = NI
no magnetron motion: 2 oET, - e Off
also even harmonics Z 30 g 30

g 2 & 20
. 2

c) Centered magnetron motion: i S 10 J e aaadans o

some sidebands ‘e m  m  wm  w s 0w m  wm  we  sw
. Frequency [f.u.] Frequency [fu.]

d) Off center magnetron motion: ’ d

several sidebands - v Py -
g 90 r g 90
Z 80 Sl \@%_L]})d £ ®
g 70 = @ - 5 70
Goal: simple spectra g:ﬂ v i \;/ :gg i

. iy s . é ) 2y i 3v,+2v § -
- Control ion position in cell Z 30 g %

2 2 2"+""’ 3"* 2 a0 [|F

. 10 ?V 10 ]./31’
- (i) Understand 0 0

. 0 100 200 300 500 0 100 2 300 400 500
mag netron m0t|0n Frequency [f.u.] Frequency [f.u.]

(ii) control & reduce
magnetron motion

R. Jertz, J. Friedrich, C. Kriete, E. N. Nikolaev, G. Baykut, J. Am. Soc. Mass Spectrom., 26, 1349, (2015)
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Step 1: Understand Magnetron motion
Observe 2v harmonics

e 2nd harmonic 2v, is steady
* Magnetron sideband of 2nd harmonic 2v,+v._ oscillates depending on post capture delay (PCD)

simulation I I 1 ] — — ]
d = DET. - Harmonicsm/z702.9 experiment Symmetric DC bias, 1500mV
E % T @ 6% : magnetron period 1 ] 1
z e of -\ 1)y < > 2v.+ v,
& & f} o 5% - ! ! + ! ! ! 1—+ :
5 70 7 £
50y OF. = % , , | | | |
o 40 3v,+v t
'% 30 - . > : . 1 ! ! ! ! ! 1
2 0 |4V &

3v 1% 1 ! NS | 1 N/ T
® A / \
0%

0 100 W w0 a0 so0 0 100 |15 200 250 300 350 400 450 500
equency[fu. PCD / ms

* Oscillation of 2v,+v_ due to ion position dependant magnetron excitation/relaxation

EXC @ EXC

Simulation:

EXC.
DET. DET
Ion cloud close to detection segment  Ion cloud close to excitation segment
- Magnetron excitation - Magnetron relaxation
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: : (C><)
Dipolar 1w detection: BROKER
harmonics — simulated spectra

Goal: simple spectra
- Control ion position in cell

- (i) Understand
magnetron motion

(ii) control & reduce
magnetron motion

a v, DET. b v, DET.
100 TS 100 T
X 9% - ¥ % I
Z 80 gf_f_i-)-Ju £ 4 manans, VER [Epid 1
2 re | w £ 70 @ + &
£ 70 ] i
- -
£ 60 ! £ 60 i
= SN e e
) = DET. & = DET.
§ 40 E 40
£ 30 &
[ a
e 20 e 20
10 it 10 G 3v,
| Sv, I | 4v, Sv,
0 0 4 -+
0 100 200 300 400 500 0 100 200 300 400 500
Frequency [f.u.] Frequency [fu.]
c v, DET. d v, DET.
100 FTTTS 100 R
Sé‘ 90 r g 90 '7|
z 8 gl __\@%_-LJ]d &8 gLl B
G & & @ &
§ 70 § 70
£ 60 i £ 60
K] SN =
5% 2v, +3v DET. &%y
o 40 v+ 2v * o 40
> 3v,+2v 2
= 30 5 30
el [ I e T/ el
10 10
0 j A ,l l. A 0 - .l/
0 100 300 400 500 0 100 2 300 400 500
Frequency [f.u.] Frequency [f.u.]

. Jertz, J. Friedrich, C. Kriete, E. N. Nikolaev, G. Baykut, J. Am. Soc. Mass Spectrom., 26, 1349, (2015)
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Step 2: Control and reduce Magnetron motion
Shim the cell (dc)

Measured PCD Curve Simulated PCD Curve Magnetron Position

Before field correction %
** | Harmonics m/z 702.8 $Symmetric DC bias, 1500mV '“7 . /""\
| Harmonics m/z 702, | Sy t bias, 15 re(exc.) = 15mm; r,, = 3mm; offset: 4mm at 135° .

/

f
"'o;

-

Magnetron Radius [mm]
N W oa »n oo

o

0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720

Magnetron motion: rotation around electrical axis of the cell

e Ensure that the electrical axis matches with the cell axis.

e Shim cell via small dc offset on ParaCell bias voltages (20 mV range)
- minimize 2v, peak

- axialize magnetron motion

After field correction

Harmonics m/z 702.9 [ Det.(0°) 1475mV; Exc.(180°): 1510mV 6

™ ; " T + e ) + ! { 8 ) ; T F relexc.) = 15mm; r, = 3mm; offset:0 at0°
ES

6% -

3 ”

E.’»% ';: 4

E } . «

ey v+ v el

) : ! : H 2,

£ 2v, %

= } ! £

3 g1

= 2 0 Cell axis

% T e e

0 50 100 150 200 250 300 350 400 450 500 0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720
PCD/ms Angle [
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| BRORER
Step 2: Control and reduce magnetron motion (>

Apply gated injection

+Ay
Det
e Ensure that the magnetron motion is not/minimal
excited
e Apply gated injection voltages during ion capture -Ax Exc Exc +AXx
- minimize 2v, +v_ peak
- minimize magnetron motion
Det
_Ay
4%
3% 2V++V
2 P— e ™ —— f\-\ i
9/6,_/ N '\J T - \\_// \\_/f ~ Shimmed (dC)
1% zV
0% - f——— /+_
0 50 100 150 200 250 300 350 400 450 500
PCD/ms /DET\
4%
- Shimmed (dc) and . @ e
s gated injection
¢ 0 50 100 150 200 250 300 350 400 450 500 v
DET
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Step 2: Control and reduce Magnetron motion
Minimized spectra complexity by minimized magnetron motion

4%
3% )
/vty
2% /
1% » / 2V+
0% —— e
0 50 100 150 200 250 300 350 400 450 500
d v, DET. v,
100 TN 100
X 9% ; g 90
g e gl odd B %0 d
£ n - ! i ; 70 @
E &0 1 £ 60
g so \TE’T/ g 50
2 40 o a0
2 2
/\i: i
& 20 & 20
3v 2v. 3v
(@) 10 l+ 5v, 10 l + | + v, Sy,
Q 0 0 A
— 0 100 200 300 400 500 0 100 200 300 400 500
CD Frequency [f.u.] Frequency [f.u.]
o
5' C v, DET. d v, DET.
—_— 100 /'T“\ 100 /-:-\
DI g f g o
Sl ge o @))e g of (g )y
27 £ 70 Vet v !
E 60 | E 60 v +2v 1
5w N T . * \.4./
= v 2v,+3v DeT. 2 LS S
- 40 vyt 2v o 40 ViV, v, +v
2 3v, +2v. 2
£ 30 & 30 2v++2v
2w, 2v,+v 3;, 2w zvav zv, Zv* M T
10 ,f 5 10
2 i I 1 ! I u izt
100 200 300 400 1 100 300
» shim 2v.+v,
i 2V TV, L 2v
x N
+
2% S, ! e ¥ S . /M\ /'/\\ 2% ./-'-\'\ i ; -~ / __af""v\/\\
N = e e N S p—— e =
1% "1 . el e N g \ Y /S e VM" \ijg
K T+
0% s : : : : : : e 0% : T ! i ¢ . r — - ; . ,
° >0 100 120 20 250 300 350 400 450 S0 g 50 100 150 200 250 300 350 400 450 500
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So far:

Standard 1w detection methods

Now:

Switch to 2w detection and its implementation

Innovation With Integrity



Signal Generation: Quadrupolar Detection

1) Trap Ions 2) Excitaton

Exc/Det Det

Excitation
Plates VR
: U = U, sin(wt) U= U, sin(180 + wt)
Det EXCIDet
3) Quadrupolar Detection
Detection .
Plates ™ Transient I(t)
| bl 4 FT  Calibration
| >| Mass Spec
I(m/z)

N j time
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FT-ICR 1w vs. 2w Detection

Standard 1w Dipole Detection Direct detection of

the cyclotron
/-I: frequency w, iy
+ KR

@/‘\ RDipoIe =v-T detection
\——/“..- —

I:> information

<Detection time >
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FT-ICR 1w vs. 2w Detection

Standard 1w Dipole Detection Direct detection of

the cyclotron
/-I:+ frequency w, iy

R
e \ RDipoIe =v-T x

Vo ) g e
\T/ E> information
@

2w Quadrupolar Detection (QPD)
double resolution

KII_/\\ I:> double information or
@B Wy - ?—> | | double detection speed
| A

\"1:/ Direct detection of

/

Ion cyclotron resonance signal-detection at multiples of the
the double cyclotron ZxR cyclorron froquency
frequency 2w, E. N. Nikolaev, M. V. Gorshkov, A. V. Mordehai, V. L. Talrose
~—_ Soviet Union patent 1985, published 1990
RQPD =2-v-T=2: RDipoIe Quadrupole-Detection FT-ICR Mass Spectrometry

L- Schweickhard, M. Lindinger, H.-J. Kluge, published 1990
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2 Detection:
Harmonics — simulated spectra

110

100 'V+
§ 90
‘E. 20
2 U J
- > >
1w £ . w
. € s0
Dipolar 3
. 2
Detection £ =
& 2 3v,
10 5V+ 7V+
i 1 i
0 100 200 300 400 500 600 700
Frequency [f.u.]
110
100 2V+
— 90 - -
w w
% 80 e e
2 g7 5 3
W £ o
Quadrupolar E =
Detection &7
:
» 6v i
" + Pure cycloton motion
0 U l - less harmonics 6v, with good
0 100 200 300 400 500 600 700

separation from main 2v, signal

Frequency [f.u.]
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2w Detection:
Harmonics — simulated spectra

- Excessive 1v harmonics due to magnetron motion or off-center cyclotron motion.

: 2vy DET. L
Goal: simple spectra m L e LI ™| Harmonic . '
* i ' & * m i
. ag e . 80 E E ¥ =0 =] o
- Control ion position in ¢ E{T{TiTT)E 2. 3 g
cell Z . ! £, -
2. SN -
'é DET. ﬁ Vi
- control & reduce g £
magnetron motion 57 8
L 6v, W BV TTTTT13YS iitEAARRRRRRG
0 100 200 300 400 500 600 700 ’ 0 100 200 300 400 5;) 5:” 700
Frequency [f.u.] V Frequency [f.u.]
2vy DET. v, DET.

Magnetron

N m

g B

EXC./DET
EXC./DET

EXC./DET.
1
i )
1
1
O
EXC./DET.

!
4V, 4V \L-/

Relative Signal Intensity [%]
Relative Signal Intensity [%]

* Vet Vo) ] DET IR DET.
a0 4. £
i
30 3V +V
210 Svi+v. 3V, +2v. 5V +v.
10 21 4v, +2v. 6v, 3v, 5v, i
3v,+3v_ \ N +
| i A " 2
0
0 W 200 300 400 500 600 700 300 400 500 600 700
Frequency [f.u.] Frequency [fu.]
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2w Detection:

Experimental minimization of harmonics

v+ +.v_ 14058313

1408 ,,:5/

55555

EXC./DET.
EXC./DET.

DET.
1v harmonic group

14% 1 11%
of 2v, signal

shim

=
&
g
DET.
1v harmonic group
3% 10.2%
of 2v, signal

gated

injection

=]
5
o

EXC./DET.
EXC./DET.

1v harmonic group
0.35% /0.3%
of 2v, signal

1v harmonics group minimized > 2w detection is now feasible > 2xR ParaCell detector > solarix 2xR scima)(
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2XR Maximum Resolution — example (no spec)

2w detection I R = 60,000,000

(1

heterodyne m/z 702 il 4min transient
Al |

JY r
A ‘-."'_‘\d" / i E{ \\lf‘ = N —

1w detection R = 30,000,000
heterodyne m/z 702 4min transient

. 7 i Nl \/\/\/ e —
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2xR Resolution per time — examples (no specs)

« Lincomycin - 1,03Hz - Resolution 7T solariX 2xR with AMP 470.000

Intens. | Intens.{

X105 " . 1P 40921682 .
1 oz IFS: comparison b IFS:experiment
i experiment vs ) i
] simulaiton = v A
1+ X%‘:’ 1+ /J/\ . . -
104 o § e IFS:simulation
054 / 14 1+ 409.;776
%0 409210 09215 20020 200225 209230 20025 iz R 00210 | 4215 | 40920 mﬁ/\‘m‘m T s | me

+ Pesticide mix — 1Hz - Resolution 7T solariX 2xR with AMP 247.000 (m/z 746) — 922.000 (m/z 200)

m/z [detected ion POS] sum formula name resolution
200.1182239 C12H13N3 Pyrimethanil 922675
239.1502523 C11H18N402 Pirimicarb 772362
253.0309212 C10H9CINAS Thiacloprid 728045
282.1448326 C13H1SN304 Pendimethalin 652673

296.116031 C14H18CIN302 Triadimenol | 622587
314.072275 C12H16N303PS Triazophos 585518
372.9424183 C11H15BrClIO3PS Profenophos 492171
404.1240971 C22H17N305 Azoxystrobin 453690
528.0779887 C22H17CIF3N307 Indoxacarb 348608
746.4837738 C42H67N0O10 Spinosad D 247808
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LC/MS of pharma Mix
solarix 2xR measurement, 1 Hz, AMP

Multi step gradient H,O/ACN with 0.1% formic acid, 300 pl/min,
Acquity UPLC HSS T3 2.1 x 150mm, 1.8 um, 40° C

Intens.
1091 Meas. m/z lon Formula err [ppm] mSigma resolution
1 ?:) Carbamazpine | 237.102262 C15H13N20 -0.094 3.5 772383
1'25j 8 Trimethoprim | 291.145175 C14H19N403 -0.024 1.03 640949
é Fluoxetine 310.141501 C17H19F3NO -0.558 2.33 590874
100 = Ciprofloxacin | 332.140499 C17H19FN303 -0.003 7.13 568237
1 L Erythromycine| 734.46862 C37H68N 013 -0.182 25.8 258162
E 4 Hars tens.
075 = < 1 Trimethoprim ¥ Erythromycine
1 8‘ % m/z 291 | m/z 734
c c N ] | 6
P ) ©
| 0 O ¢
0.50] E T G S
= ©
T o > K
= &= E — . 44
o o ©
] e P @]
0.25 8— < .
] 2 Py A
L 2
0.00 : - - - 3 - - - |
2 4 6 8 10 2 14 16 "Time [min] ,
1M ) — 3 vEw 04— " i ; .
203 139 290 140 0048 290 1% 790138 290 100 0 WA 735.460 735.470 735.480 735.490 mz
Good isotopic ratio if IFS Reduced isotopic fidelity if
resolved IFS not resolved
500k

-> solarix 2xR enables 450k Resolution at
100k 1 Hz (m/z 400)
MZ 3 Good isotopic ratios if IFS is resolved

200 300 400 500 600 700 800

Resolution @ 1Hz
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Agenda B

Part 4: Applications
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<)
BRUKER
MRMS- The Solutions L

Metabolomics & Phenomics

MALDI Imaging
Petroleomics

Protein Analysis




MALDI imaging
solarix 2xR measurement, 1 Hz, Mouse Brain

782.566

782.622
nM LA~ A

* 56,000-pixel MALDI imaging

* mouse brain sample raster width
30um

e CASI or m/z 760 with a 120 Da
window

782.566

782.546 ||

e Acquired in 15h with a scan speed of
q P Al

~1Hz.

782.566

* resolving power 300,000 at m/z 800

s

78252 78256 78260 782.64
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)\ MRMS Applications
98 MALDI imaging

Imaging of rat brain

2xR detector
50 um lateral resolution
RP 820.000 @ m/z 273

XR detector
50 um lateral resolution
RP 790.000 @ m/z 273

22123 pixel 21039 pixel
6 h 40 min min 10 h 40 min
> 0.9 Hz > 0.5Hz

m/z 788.616 (PC 36:1 H*)

Innovation With Integrity



© scima)( MALDI imaging

scimaX is the ultimate MALDI
imaging system for analyzing small
to medium molecules, m/z 100-1500

- unrivaled eXtreme Resolution
capability

« sub-ppm mass accuracy over a
wide mass range

- can differentiate images that are
only mDa apart

- prerequisite for IFS analysis and
formula confirmation

Mass accuracy and Isotopic Fine Struc-
ture (IFS) is indispensable when deter-
mining a unigue molecular formula for an
image and, just as importantly, to differ-
entiate isobaric interfering peaks that bias
distribution measurements.
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Experimental A+2 IFS
315.14390

31816376

315.16482

316.14850
T —
316.145 316,165 iz

Theoretical A+2 IFS for C,,H;;N,S (clanzapine)

313.14812 g
. 1!C2
C™N
313.148 *c®s
IFS conﬂr_ms farmula id a1 5!145 aq 5'_1 55 ke
of target image
e 314.15147
J | 1514380
- 7]
T T I | | T 1
313.0 31356 314.0 314.5 318.0 3166 mfz

Innovation With Integrity
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© SCimaK - The power ...

... to find the
needle in the
haystack

A: 848.5389

B: 848.5484

(lmens,
B
| C
A
J//\ |
a
" 848530 848540 848550 848560 848570
.
RP ~200k
@ m/z 850

84650 84675 84700 84725 84750 | 847.75

@ imaging speed

Innovation With Integrity

C: 848.5576
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PC(38:5) 13C, + 39K+

PC(38:5) + 41K+

PC(38:4) + 39K+




© scima)( - The best system...

... for small molecule imaging

« Bridge the gap between LC-MS and radiolabeling for drug
ADME/T

* Reveal greater insight into metabolic pathways

« Unravel PK and discover new markers

Steve Castellino, Head of US Ex Vivo Imaging and Senior GSK Fellow

”MALDI-MS Imaging fills an analytical void by permitting us to discretely examine
the distribution of parent drug and metabolites in tissues. \We have been able to

achieve the spatial and spectral resolution required to examine sub-compartment

tissue distributions and correlate them with histology in the preclinical setting. This
ability to link chemistry and biology Is permitting us to more closely examine the basis of drug
toxicity and pharmacology as well as refine our understanding of pharmacokinetics and drug
transport.”

Locate, identify & quantify in a single measurement

Innovation With Integrity
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& scima MRMS aXelerate gaay

High throughput Phenomics research for everyone...

1y c o)
r : O
‘ C HO. o
{ ) =) Y
T-ReX 2D Smart Formula Statistical Analysis Putative Structure

Qeatu re extraction Annotations j

Accelerate throughput (> 200 samples/day)

( "MRMS eXtreme Resolution enables us to \
Complementary to established NMR based solutions. address next generation metabotyping, i.e.
simultaneous rapid description of hundreds of
known and thousands of new metabolites
Simultaneous analysis of known and unknown metabolites relevant for dynamic biological/chemical

K processes.”

Access compounds not readily detectable by LC-MS analysis

Analytical BioGeoChemistry,
Helmholtz Zentrum Miinchen, Germany

Innovation With Integrity
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High information content across a wide dynamic range

scima)( MRMS aXelerate

Expanded A+1 region of
CgH1,0¢Na reveals Isotopic Fine
Structure substantiating
formula ID.

Compound confidently

o annotated as: C;H,,0-Na
mass accuracy: 0.09 ppm
RP: 1,500,000

267.17202

Note: Such -
hexose sugars are o 203.05263
not well retained

on reversed

267.22945

1+
mizmess. & Mmess.  Molecular Formula tions

- 301.14106 1 Aot

phase LC-MS and % 518.32186 %8 22 26705884 Ll . Ctv s
. . 26705884 406958  CyHyaN:O¢

difficult to detect. a2 © wim i e

1+ 6715673 416751 CyHyOs @

780.55218 267.12031 o 6719312 242030 CyHnOy

WI2BS M08 CagHiO; ]

267.04148

n ‘ | 26719312
I 1 | I "

26§05 26710 26715 26720 26725 26730 26735  267.40

200 300 400 500 600 700 800 900 miz

Example of information derived from a single spectrum
obtained by FIA-MRMS of human plasma extract
Mass zoom: 0.40 Da mass

Low intensity Ion vs. highest - :
© abundant peak demonstrates region shows the richness of
> 3 order dynamic range. information in FIA-MRMS data:
6 species annotated.

Innovation With Integrity



] MRMS aXelerate B RO Er
SCImaX Metabolomics: LC-QTOF-MS vs. FIA-MRMS - example (&<

commercially available Plasma Extract (Sigma Aldrich)

.| Base Peak Chromatogram |
= LC-QTOF-MS/MS |

495,33382 1 Ca4HsiNO7P 100,00 495.33977

k l
2 ' . It '!‘ Ll ke (Y0 o R S
| “ (TN T YT Y bt bbb hlansﬁ W Plasma_pos_25_25 01_5356_RP.d: +MS] htens, | ®Plasma_pos_25_25_01_S356_RP.d; +M5|
l I | - - N - = = x10 W CoaHsiNO;P, 496.33977 %106 B C24Hs,NO,P, 495.33977
L LLJ '\‘JJW IJ\M__,JL_..J U i § A+1 #7361 I— . A+2 498.34645
| SN ] 45
: [ 8 10 12 14 18 Time [min] —— 13C1 1302
- [~ Tm 64 084 b!easured
inteees T FME, 15,74 15.B4min #6403.6533] Resolving Power Simulated
x10) 4953392 . @ 496.33982 m/z o 06 ‘\801
15 LC_MS peak Wlth 04
. 575.000
medium abundance: 1
" N, 2H, A
m/z 496.3392 LN f ol A ot
497335 497340 497345 "z | 4985310 498350 mz
1+ 15
os 497.3426
493?‘;454 i
e M_ 450 492 494 496 498 500 502 504 506 508 mjz e oo |
0.5 | -
Measured mjz  496.3332 Tolerance: 2 ppm T Charge: 1 | : u n a m b I g u 0 u S | *‘j‘:“ { J ‘ — J '”T”
Ed | w000 i
H | - —-— " prn- L.! e
Meas. mfz  # IonFormula mfz err [ppm] err [mDa] mSigma #mSigma Score rdb e Confl fo r m u I a g e n e rat I O n o s - ‘mlu - 575 o . 55 - [
496,3392 1 CogHsaNP3 406,3385 P - - W 1 9358 50 even ; < T ; Y|
{"496.3392 7 CoabsiNO7P 96,3308 ( 1.1 0.5 229 ) 2 100,00 1.0 even fOI‘ un kl‘l owns SEse | 406.35902 Tolerance: | 0.9 i Shages |1 5]
v
Meas. mfz  # IonFormula Score mfz err [ppm - = mSigma ‘

LC-QTOF-MS: ~25 min turnover time FIA-MRMS (single spectrum): ~2.5 min turnover time



Petroleomics
solarix 2xR, 7T, AMP, APPI, Oil Residue, m/z 250-800

LU

| NHHH sl N A preere\ Dar A wto M ad WA
400.2000 400.2100 400.2200
200 300 400 500 600 700 800 900 1000 m/z
500 ions Resolution (m/z 400): 1,950,000
! Mass accuracy: -20 = 168 ppb
400 | Ions: 18200
300 - m/z Calc. Res.
300 2368970
400 1950080
200 - 500 1600250
600 1313480
100 - 700 1083770
800 905120
M 900 771530
-500 ppb 0 ppb +500 ppb 1000 | 677000
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W SCimax The industrial standard for Petroleomics

RP > 900,000
Molecular management > 50 formulae a@s;iTgned in 0.40 Da
» Prediction of bulk properties (TAN, corrosion, fouling)
requires seeing the complete chemical space of a sample
« powered by 2xR technology, scimaX matches the resolving
power of many conventional high field MRMS
* high field systems are no longer mandatory for crude oils, | ,.". ol

bio-fuels, DOM, or any complex mixture 7000 7000 10070 e

Crude oil, APPI analysis: scimaX 7T .

C2MC - Complex Matrices Molecular Characterization,
Joint Laboratory

Carlos Afonso, University of Rouen

Pierre Giusti, TOTAL

“With our Bruker MRMS in Rouen the analysis of highly Complex Mixtures has been |
pushed further than ever and could also be made on a routine basis in the framework of the

C2MC joint lab”.

200 300 400 BOO 8O0 700 BOO 800 1000 myfz
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W SCimax The industrial standard for Petroleomics

« scimaX data can be imported to Petroleomics software 20
(PetroOrg/Composer) sd e [
. The software generates reliable elemental Composition ORI (RTINS  PR—
assignment, classic Petroleomic diagrams, automated 5 e | R—
report construction, and much more based on accurate EEE S ST EEENE R ESEEE R
FIE IS L G ISP S
mass measurement. TEEETTE T TS
« scimaX provides the widest array of compatible ionization
sources to access different molecule species:
= ESI for basic and acidic compounds; 40
High
= LDI and optional APCI, APPI to access polar and non- 30
polar compounds 20 Q) g
104 - -
0 Ogho'w 0203040506070809 1.0 ho

T 1 T 1
0 20 40 60 80
Carbon Number o/C
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Scientific literature states that Bruker MRMS is a “bona-fide”
platform for native protein work.

It is unmatched for top-down native protein MS analysis and e
for preserving complex biomolecular interactions at ultra high 2 '
- op)
resolution » BB l
[ - (K;M —
* Only instrument to offer high resolution from 100 - 10,000 ;{%@”« o
m/z D & o~ &
.o . {’/{ - 1
- Easily interfaces to a wide variety of commercial and custom ™= x‘:*w NS e s
ion sources
- Bruker MRMS ion source leaves most fragile non-covalent Weak binding (Kd>10 uM) interactions typical
] ] ] in fragment based drug design (FBDD) are
Interactions intact routinely preserved and observed by MRMS.

- The ultimate companion for FBDD - eliminate your false
positives

Innovation With Integrity




MRMS

Confidence and Power for Applications

Provides unmatched
eXtreme Resolution and
Mmass accuracy

Enables routine
Isotopic Fine Structure
(IFS) analysis for a
broad mass range

Results in unmatched
confidence for compound
identification

MALDI Imaging

Label-free MALDI
imaging maps the
localization of drugs
and metabolites,
providing spatial
correlation with
‘omics studies

Small Molecules

Flow Injection Analysis

(FIA) MRMS workflows
accelerate sample

throughput and increase

data depth in
Phenomics research

Innovation With Integrity

Petroleomics

Exact chemical class
information can aid in
solving problems in
petroleum collection,
processing, and
transport

Intact Biomolecules

Large intact biomolecules
can be analyzed for O !
applications in proteomics, &k S
biopharmaceutical analysis,  Sungs:

and protein science




Summary
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Isotopic Fine Structure reveals detailed information on the analytes composition and enables confident results

IFS analyses requires MRMS: resolving power > 500.000 over a broad mass range and sub-ppm mass accuracy

Routine high resolution analyses require understanding and control of magnetron motion

Shimming and gated injection minimize magnetron motion

Mass spec evolution step to routine IFS
analysis was already done

Application to 2w detection allows for
further increase in resolving power or
speed

2w detection capability enhances MALDI
imaging, LC/MS and Petroleomics
applications

2XR enables

fast AND confident results

13€,

g1, \ |
» Iy

[Ub + 9H]9+

!
|l

_Ju‘ v!'LJ |

JJJ. b

LA

Mhehan,
952.575 952.580

Y

952.570

m/z

'1
9+ 952 953

m/z

| [Ub + Na + 8H]9+

12+ hos 8+ 951 953 955 957
m/z

solarix scima

|

isotopic fine
structure

600

1000
m/iz

1400

I isotopes

charge states

{— Spacing between resolved peaks (Da)

adducts

Instrumental resolving power/molecular weight —)
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