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Orbitrap ID-X Tribrid Mass Spectrometer Instrument Features

Max Resolution <[500,000atmiz200 >
Scan Rate OTMS? 30 Hz
Scan Rate ITMS? 40 Hz

Quad Mass Selection

Precursor isolation to 0.4 amu

lon Trap MS" {Up to MS10 >
Mass Accuracy 3 ppm external, 1 ppm internal
Dissociation <[CID, HCD >

Instrument Improvements

Thermo Scientific™ OptaMax™ NG ion
source for enhanced usability and
robustness

Streamlined calibrations with improved
mass calibration for ions with m/z <200

User interface and default parameters
optimized for small molecule analysis

Expansive collection of application specific
small molecule methods

Assisted CE, allowing for real-time collision
energy optimization

Library Builder method for the acquisition of
high-quality MS" spectral trees for local
library generation




Assisted CE Allows Maximizing MS" Spectral Quality

Assisted CE FTMS3 S/N
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Comparison of FTMS3 signal to noise for LC-MS runs with Assisted CE

vs. Stepped CE shows higher number of fragment ions with increased

S/N resulting from Assisted CE

Assisted CE Determination

118 ms 118 ms

FT Analyze IR
jection I I I L IHI I 1 1 1IN
TAnalyze FAEHEIEDH KNEEIEIE

~20 ms each ~20 ms each

* Instrument collects hidden ion trap scans
to generate break-down curves per
compound in parallel with acquisition of
the preceding FTMS scan

» Optimal collision energy is ascertained
based on specified precursor depletion
threshold

« FTMS? analytical scan is collected using
the optimal collision energy

Bailey et al. ThP 831
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Unknown analysis of complex samples

(RGN = ST

9

Scan Num m/z Intensity Relative Segment I
1 429 293.0978 42376652 100 1
2 429 177.0071 34436436 81.26276 1
3 429 116.9858 30508254 71.99307 1
4 429 193.0472 20951336 49.44075 1
5 429 84.95967 18056726 42.61008 1
6 429 134.9965 17734342 41.84932 1
7 429 157.0837 15091724 35.6133 1
8 429 149.0122 14569577 34.38114 1
9 429 102.9702 14347303 33.85662 1
10 429 135.1015 12689367 29.94424 1
11 429 132.1019 10999948 25.95757 1
12 429 114.0913 10636511 25.09993 1
13 429 371.1009 8655578 20.42535 1
14 429 102.1277 8600961 20.29646 1
15 429 229.141 8251913 19.47278 1
16 429 118.0861 7597958 17.92958 1
17 429 115.0366 6710113 15.83446 1
18 429 188.0918 6661077 15.71874 1
ZDF Fatty 1#1 RT: 0.00 AV: 1 NL: 4.22E+007
BPFFMS + p ESI Full ms [67.00-1000.00]
K .IEC
g
¢
244 429 235.0489 544108.6 1.283982 1
ThermoFisher
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Electrospray ionization produces multiple ions per compound

12162 serum_asthma female 52 28,#1379, RT=7.317 min, FTMS (+)
C22 H38 O9 as [M+Na]+1

*

g 120 469.24072
% 100 [M-+Na]+1
€ 80
-
o
o 60 *
> * * * la 485.21429
7 40 429.24792 447 .25845 464.28503 |47Q.24390 [M+K]+1
c 449.26123
o 20 [?‘ﬂ:ﬁi'l20]+l [M+H]+1X£(28836 [M+NH4]+1 471.24594 ’
2 8 -2
— 0 '|"""|"'|" T — e
430 440 450 460 470 480
m/z

10 Proprietary & Confidential SCIENTIFIC



AcquireX

Automated acquisition workflow for comprehensive sample interrogation

thermoscientific



This iIs my challenge!

| need to generate high quality MS" spectra on all components in my sample
My sample is too complex and not all features are fragmented

Duty cycle is often wasted triggering on background features

Manually excluding background and including relevant features is too laborious

LC-MS MS?
Blank 0 My sample Method
N4 N 4

thermoscientific



How do | analyze all of the features
In my sample using a data-dependent MS" method?

In an automated manner?

LC-MS MS?
Blank 0 My sample Method
N4 N 4

thermoscientific



Step 1: LC-MS analysis of background (blank)
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Step 1. LC-MS analysis of background (blank)

thermoscientific



Step 1. LC-MS analysis of background (blank)

322.561
O 579.457

418.253
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Step 2: Automatic exclusion list generation from the blank LC-MS

EXCLUSION LIST

322.561
s2se 418.253

579.457
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Step 3: Full scan LC-MS analysis of my sample
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Step 3: Full scan LC-MS analysis of my sample
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Step 3: Full scan LC-MS analysis of my sample

t
O 400.253

536.371

468.271
702.561
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Step 4. Automatic inclusion list generation from my sample

INCLUSION LIST

A I 400.253
468.271

400.25:

536.371

702.561
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Step 5: Automatic method update with exclusion and inclusion lists

INCLUSION LIST

EXCLUSION LIST

322.561 400.253
418.253 468.271

Rl 536.371
702.561 ‘J

thermoscientific



Step 6: First automated LC-MS" analysis using
the updated Inclusion and exclusion lists
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Step 6: First automated LC-MS" analysis using
the updated inclusion and exclusion lists

IIIIIIIIIIIII

scientific
Updated
Method
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Step 7: Updating the lists automatically
Moving triggered features from inclusion to exclusion list

INCLUSION LIST
LM Ml. | .M 100 253

468.271 EXCLUSION LIST

536.371 702,561

400.253 | 468.271

536.371
|.|\ hu\Hm i oaeer 322561
418.253

‘ ‘ ‘ ‘ ‘ 468:271
| I 570.457
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Step 8: Updating the MS method automatically
with the current inclusion and exclusion lists

INCLUSION LIST

400 253 XCLUSION LIST
"""""" EXCLUSION LIST

536.371
702.561 322.561

............ 418.253

468.271
579.457
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Step 9: Second automated LC-MS" analysis using
the updated inclusion and exclusion lists

]
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Step 9: Second automated LC-MS" analysis using
the updated inclusion and exclusion lists

IIIIIIIIIIIII

scientific
Updated
Method

thermoscientific



Step 10: Updating the lists automatically
Moving newly triggered features from inclusion to exclusion list

TSNS =
: \

- 536.371 EXCLUSION LIST

581.100

I 536371‘ ‘ ‘ ‘598544‘ ‘ roz.61 581.100
Ll .‘l Al L ||‘ 598544 322561

599.478 418.253

eoC 468.271
536:371
579.457
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Repeat steps 9-10 until all of the features on the inclusion list are sampled

INCLUSION LIST

598.544
59090478 EXCLUSION LIST

Injection 4

322.561
400.253
418.253

468.271
536.371
579.457
581.100

thermoscientific




AcquireX: Comprehensive MS" analysis
of all of the features in the sample

Blank
Full MS

Sample
lterative MS"

579.457

Updated
method

Sample
lterative MS"

VVVVVVVVVVVV 322.561
............. 400.253
............ 418.253
468.271
579.457

Automatically updated run-to-run inclusion/exclusion lists

Collect more meaningful data, not just more data; Www.thermofisher.com/AcquireX

thermoscientific


http://www.thermofisher.com/AcquireX

AcquireX: Automated Method Updating

-&-|nclusion -o—Exclusion
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Number of entries on the mass lists

1 2 3 4 5

Number of re-injections

LC-MS analysis of NIST SRM 1950 metabolites in frozen

human plasma. The instrument automatically updates the inclusion and
exclusion lists during successive iterative AcquireX re-injections, such that
exclusion list continues to grow, while inclusion list declines with each
additional re-injection

Ntai et al. ThP 564

Deep Scan Analysis

2 Ul of NIST SRM 1950 plasma extract
was injected using 2.1mm x 150 mm
Hypersil Gold column

Automated generation of exclusion list
>4000 features

Automated generation of inclusion list
>5000 features

Inclusion list size decreases with each re-
injection while exclusion list size
Increases

32
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AcquireX: Deeper Interrogation of Sample

Increased Precursor Sampling Depth

SI SI 8| gl BI . B 25%0-75%
5 By S
> > > > > —_
5 8 8 § § 83 83 38 3 3 O g5 A Mean
< <« <« « <« 0o o o o 0o > |
_E 0 == == == ==l 8 _
o « 30
A 5
i n i
200 25
(@)]
£ =
= (;IJ 20 T
S 400 A - ]
© QO i
0 o 15 _
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g = _
: sl LEm
800
o ) ' = mm
Qo 0
1000 B 25%~75% g g 5 8 3 § S S gl gl 8|
1 Range within 1.5IQR P S 38 8§ 8 3 3 £ % %
— | — Median Line 6 6 6 6 6 5 35§ 3 3
1200 g & T & 2
Comparison of traditional DDA and AcquireX re-injections Comparison of traditional DDA and AcquireX re-
shows increased coverage with the AcquireX acquisitions injections shows less redundancy in total number of
fragmentation spectra per compound during the
McAlister et al. MP 120 AcquireX acquisitions
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AcquireX: More Confident Identifications with Increased Productivity

Increased Number of MS features

Increased Number of mzCloud Spectral
Matches Using Compound Discoverer 3.0

with Fragmentation Spectra

m traditional DDA  m DDA w/AcquireX

2282

1578

.
e

o]
—
(o))

+73

+125% - +139%
2

1 3

ﬁ
B3

TOTAL NUMBER OF DDA INJECTIONS

2534

software

m traditional DDA = DDA w/AcquireX

TOTAL NUMBER OF DDA INJECTIONS

Comparison of three re-injections of the extracted human plasma using traditional DDA and DDA with AcquireX showing more
than 2x increase in the number of compounds with fragmentation spectra (left) and almost 50% gain in confidently identified

compounds (right) when DDA with AcquireX is used

34




MS" Based Structural Characterization of Flavonoid Isomers

Indistinguishable by MS? Distinguishable by MS3 Isomers

MS/MS MS3 1 Kaempferol 3-

241.0492

5951650 287.0546 2870546 165.0180 2130543 O-i 'rutinOSOine

HO o\/©/
153.0180 |
| o

OH 0 A .0 OH
121.0282 268.9619 Ho o:qm
449.1073 231.0648 o
111.0075 269.0441
133.0282
‘ ‘ ‘ 197.0594
287.0546
433.1124 Ul el [ | =
449.1075 153.0180
3 .
MS/MS MS Luteolin 7-
595.1650 287.0546 . __rutinoside

1 =

287 0547 1330282 | 1619231 241.0493 257.0547
» 0:42; 0497 219.0648 534 055 2580519 69,0442
433.1126 I | |
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Complete Characterization of Co-eluting Isomeric Lipids Using MS?3
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Small Molecule Data Processing Challenges

|deally But what if ...

MS? of unknown compound MS? of unknown compound
] 1621125 51 o 162.05502
700 1 | ]
500: 2
300 103.0389 ] 166.0499 208.0605
{ 60.0810 2 .039 190.0498
100+ 1,51-0338 85.02630 102913 134"032%63.1146 ) . 134_023 152,070 /
(U § R i i i i i 92.04929'?076 | ‘ 180.0655
60 80 100 120 140 160 180 5 1 Lol N 225.0871
mlz 50 100 m /2150 200
Spectral Library Search Spectral Library Search
107 162.1125
o o o NO reference data found in spectral library
v I“‘ o 'Sas
o] 1050590 AL Database Search
e 61.0284 . (HMDB,KEGG,BioCyc,PubChem)
-1.01 . . . . . - .
60 80 100 120 140 160 180
m/z
Reference data found in spectral library 441 hits
- Compound identified (based on formula)
38 ThermoFisher
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Thermo Scientific Compound Discoverer 3.0 Software: Confident Compound Annotation

Diverse Search Mass
List (Knowns Spectral

Chemical Space ChemSpider with RT) Library Search

mzCloud/
Search mzVault (MS2)
(MS)

mzLogic :
_ _ |dentity Search
Candidate List & Similarity
: Ranking h
new mzLogic l (MSZIMS?) searc

algorithm

T \

Elemental
Composition FISh

Prediction
: Structurall
Rank-ordering A

of putative Confident Product lon

. Spectra
structures Annotation (MS2/MS3)

39 Proprietary & Confidential



mzLogic: Allows Ranking Putative Candidate Structures

ThA

441 putative candidates for identification

With the new mzLogic
algorithm, you can use the
extensive fragmentation
spectral information in
mzCloud to rank-order
putative database results

CLOUD

mzLogic Score

Curated spectral library
HCD/CID/MS" 2.8M spectra

mzLogic in Compound Discoverer 3.0 software

#1 5-hydroxy-kynurenine

40

Correct structure ranked 2nd NH: O NHg
70 [ | o
-
60 oH
50
H
40
20 #2 3-hydroxy-kynurenine
20 NH; NH;
10 HO 0
0 OH
pEER R R R E et T E
A A A A AATANNNANNNMOOOOMOOOMS I
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