TECH TIP # 70 Thermo

TMT data acquisition on the
LTQ-Orbitrap XL Mass Spectrometer

TR0070.0

Introduction

Successful acquisition of quantitative tandem mass tag (TMT*) data with the Thermo Scientific LTQ-Orbitrap XL Mass
Spectrometer requires several considerations. As many peptides as possible should be analyzed, and reporter ions (found in
the low mass region of MS/MS spectra) must be acquired with sufficient intensities for good quantitative analysis. Careful
adjustment of instrument settings and acquisition parameters must be made to obtain these data. These settings are detailed in
this document.

Preparing for the experiment
A. Materials Required
e Binding buffer (0.1 to 1.0% TFA in water)

e Formic Acid for the mobile phase

e Bottled HPLC water

e  Acetonitrile

e  Capillary LC column (75um x 20cm C18 column is recommended)

e Liquid Chromatograph Instrument capable of flow rates down to 250nL/min.

Procedure
Prepare fresh mobile phases.
Use a fresh column that has been well equilibrated. The column length should be at least 20cm.

w N =

Calibrate the mass spectrometer. It is especially important to calibrate the positive ion electron multipliers. Doing so will
ensure that the instrument is operating with maximal sensitivity.

4. Dilute all samples with binding buffer. Target loading amounts to be in the 0.25 to 1.0ug range.

Preparing the LC method

Proper setup of the LC method is critical to the success of the experiment. While LC methods vary widely, several common
points have emerged:

1. Sample complexity determines the choice of gradient. Simple samples (e.g., from immunoprecipitation or enrichment
experiments) require short 1-hour gradients (usually 4 to 40% B (acetonitrile/0.1% formic acid) while more complex
samples require much longer gradients (up to 3 hours; 4 to 40% B over 3 hours).

2. Flow rates should be set to 250 to 600nL per minute.
Trap columns should be avoided as they tend to lose sample.

Always run a labeled positive control sample before analysis of the test sample. Be sure that the chromatographic peaks
are less than 30 seconds wide (on average). If the peak widths are broad, change the LC gradient until your peaks
sharpen.

5. Also, the more pre-fractionation done before hand (e.g., SCX fractionation), the more likely the experiment will be
successful. This will help to ensure the under-sampling is minimized.
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Preparing a suitable Tune File
Proper setup of the tune file is essential for a successful experiment. All tune file parameters are entered in the Tune window.

Figure 1. Scan Time Settings for the lon Trap. While the quantitation is done in the HCD cell and mass

1. First adjust the Scan Time Settings (Setup = Injection Control).
fnTiep [F1 |
Cancel
Type pStase Time (ms) Apply
Ful MS 1 50.000 Reset
Sih 1 25000 4
MSn 3 | 150000 Help
Zoom 1 100.000
measurements are done in the Orbitrap, MS/MS spectra (CID) will be measured in the lon-Trap.
Scan Time Settings [Z]
lonTrap FT | oK
Somn | rogcans | e et BT
ype Time (ms) T
Full MS 1 | 500000 |
SM 3 | 100000 Reset
MSn 1 | 300000
Help
Figure 2. Scan Time Settings for the Orbitrap.
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Figure 3.

Next, enter the appropriate target values for both the lon trap and the Orbitrap (FT) (Figures 3, 4).
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Injection Control @

lonTiap FT | FAeagent | 1].4
AGC Target Settings

FUllMS|  500e+05
SM|  1.00e+05 ki
MSn|  1.00e+05 H

Mdu s

[V Enable Full Scan Ingection Waveloms

Figure 4.

Note that some of the parameters are adjustable, especially the MSn parameters. For example, a scan time of 300ms for
the FT-MSn is generally adequate. However, if the sample amount is low (less than 250ng on column), then increasing
the scan time by 50 to 100ms is advisable.

Save the tune file since you will need to point to this exact file in the acquisition method.

Calibration prior to analysis is essential, especially the electron multipliers, in order to obtain maximal sensitivity.
Failure to calibrate will lead to large CV’s of technical replicates. If you are unfamiliar with the calibration process,
consult the instrument documentation. Successful calibration will result in a green check mark next to the parameter in
question (Figure 5).

M Calibrate g|

Mazz Range: * Mommal ¢ High [lon Trap)
Automatic  Semi-Automatic lCheck] FT Manual]

What to Calibrate 1 Result ] Last Cal Date &
O - Select &l
O - Select &l -lon Trap
O - Multipole RF Frequency - 1241542009
O - Main RF Frequency - 1241542009
O - Positive lanz Electron Multiplier,.. + 57200
O - Negative lons Electon Multiplh,. = 502000
O - Mass Calibration
O - Momal Scan Rate Types - 510/2010
[0 - Erhanced Scan Rate Types = 12415/2009
O - Zoom Scan Rate Types - 1215/2009
e R 1| py PR Y N SRR Py AN s
< >
Statug
13.0718  [diff. 40.160208) with PwHR: 1.6817391 ~

13:07:21: m/z 1522 340700 found at miz 1522 218628
13.07.21;  [diff. 40.122072) with PwHM: 1.628203
13:07:24: m/z 1822 388610 found at miz 1822 856567
130724 [diff. 0.4673957] with PwHM: 1.945770
13:07:26; AGC Prescan Calibration Check PASSED
12:07:26:

13:07:26: Calibration is OK!

™ Set Instrument to Standby when Finizhed

| Cancel Print Help

Figure 5.
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Constructing an acquisition method

The following method has been developed to maximize protein identification with quantitation. The method is a top 3 x 2,
which consists of three HCD events followed by 3 CID events on the same ions selected for the first 3 HCD events. Use the
following procedure to systematically set up the method.

1. Go to the Xcalibur software program and click on the Instrument Setup Icon (Figure 6).
2. Right click on the mouse button and select Go to.
3. Anew page will appear (Figure 7).

ON-LINE g

1 B3 8]

3 6

glfs]
DE s
Instrument Processing
Setup Setup

Sequence
Setup

ResultssReview

. *

Qual
Browser
Figure 6.

Summary l Run Conditions ] Gradient Profile | Gradient Table

hethod |dentification

Method ID |default

— Column Information

Manufacturer |Eksigent Technologies

paticle size | 3 am

diameter | 150 4m

Type |Chrom¥F

SeriaINumber] length | 10 om

— Sample Injection Flowy Profile

MoneMdanual Duration: 60 min.

Detection

LT Orbitrap L 2 ; .
M5 ; External Detector. Auxillary &0 channel svailakle.

Eksigent Expart,..
MHanolC-A51/45
Figure 7.
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Set up the LC method according to the manufacturer’s instructions.
Select the MS/MS instrument icon and then click on the icon called Data dependent MS/MS.

A new screen will appear. Enter the parameters as they appear in Figure 8 for Scan event 1. Select the Tune method that
was saved in the last section and be sure to enter an Acquire Time that is the same length as the LC gradient (can be
shorter, but not longer). In this method we are implementing seven scan events. Scan event 1 is the precursor selection
step, scan events 2-4 are the HCD steps and 5-7 are the CID steps. In this example, we have set the resolution to 15000.
However, higher resolutions in scan event 1 are recommended for highly complex samples so that a maximal number of
peptides can be selected.

M5 Detector Setup | Mass Lists | Syringe Pump | Divert Valve | Codacll:bsulel Summaty |

Run settings

Acquire time [rmin) | 150.00 Segments: |1 ﬁ Stait delay [min}: [I].I]]

To display a chromatogram here, use LTQ Orbitrap 2L/0pen raw file...

4 Segment 1 I >“1—

LB 2 e e e e e e B A G B i B P e B i e G e e i e i e e |

T
1] 10 20 30 40 S0 a0 Fil 20 a0 100 110 120 130 140 150
Retention time (min)

Segment 1 sethngs

Scanevents: |7 :J-J Tune method: |C:\XcaﬂJu\TLnB\MHH\Z]1I]\TuhfuTMT.LT _} H

[?l_

#

| ScanEvent1 ScanEvent2 | ScanEvent3 | ScanEventd | ScanEvent5 | ScanEvents | ScanEvent7 ||»

Scan event 1 settings

Scan Descrption MSn Setings Scan Ranges
Analyzer. |FTMS A | parent Nk \ﬂi‘;h Ngu‘m:;_'ad Act. :.':B g |First Wass [Last Mass
Mass Range: |Momal Mass (miz)| Type (niz) | Energy Q (ns) (miz) (mfz)
Besolution: [15000 = = a0 10 350 0250 30000 1| 38000 1800.00
Scan Tvpe: |Full -
Polanty: |Positive  «
Data type: | Profile -
Saurce Fragmentation
=)
[~ On =i
r | setings.._|
Ef El
=) = - =
FAIMS [ = = It [FomTo x|
vy [000 =
I~ UseMS/MS Mass List ¥ APClCoronaOn ¥ APPI Lamp On E‘E‘
New method | Tune Plus | Hep |
Figure 8.
Click on Scan Event 2 and enter the parameters as shown in Figure 9.
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MS Detector Setup i Mass Lists | Syringe Pump | Divert Valve | Contact Closure | Summary |

Run setting:

Acquire time (min): |[150.00

Seaments: i1 j

Tao display a chromatogram here, use LTO Orbitrap XL/0pen raw file. .

Start delay [min): ID.DD

Seaqment 1

I.l_

>
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Segment 1 settings

i
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Scan events: ]? ﬁ
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Tune method: [C:\0<calibur\Tune\MMR'\20100T uningForTMT LT E] J H

~

Scan Event 1 ” Scan Event 2

Scan Event 3 ] Scan Event 4 | Scan Event 5 | Scan Event &

-

Scan Event 7 | >

Scan event 2 settings

Scan Descrption MSn Settings Scan Ranges
Enabizer; 1FTM5 ]' Parent Act. '\-’l\ﬁ:tlh Ngmr:lallized Act. ﬁn' First Mass |Last Mass
: Mass (miz) | Type Sl me ; (miz) (miz)
tdass Range: ]Normal v! (miz) | Eneray (ms)
Besolution: ]?SEIEI vi
Scan Type: - ;
Polarity: -
Data type: ICentmid vj
Source Fragmentation
[~ On j
¥ Dependent scan  Settings... l
FAIMS I Wideband Activation :II Input: | 3|
vy [000 =
= ¥ APCI Corons On [ APPI Lamp On G| @)
New method Tune Plus Help |
Figure 9.

8. Continue to enter the parameters for the other scan events described here.

Table 1. Settings for Scan Events 3 to 7. All other settings are the same as for Scan Event 2 (Figure 9).

Scan Events 3 & 4 (same as 2)

Scan Events 5to 7

Analyzer FMTS
Mass Range  Normal
Resolution 7500
Scan Type (off)
Polarity  (off)
Data Type Centroid

Dependent Scan  Checked (on)

Analyzer

Mass Range
Scan Rate

Scan Type
Polarity

Data Type
Dependent Scan

lon Trap
Normal
Normal

(off)

(off)

Centroid
Checked (on)
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9. Click on Scan Event 2. Select the Dependent Scan setting box and then click on the Settings tab. A box will appear

(Figure 10).

Data Dependent Settings

Global

Scan Widths
Dynamic Exchusion
Mass Tags
Isotopic Data Depenc
Analog
Neutral Loss
Product
= Segment
Cumrent Segment
Chiomaltography
Pasent Mass List
Reject Mass List
Charge State
MNeutral Loss
Product Mass List &
< >

= Global A

e o

Parent mass width-
" Bymass
% Relative bo mass [ppm) ==l

Low: [10.00 High: [10.00 =

Reject mass width
" Bymass
* Relative to mass (ppm) =

Low [1000 = pign 1000

| (1] 4 I Cancel Help

X

Figure 10.

10. Enter the parameters as shown in Figures 11 to 12.

Data Dependent Settings

3

- lohal 2 ¥ Enabled e
Global ) Repeat count: |2 =
Maszz Wi.dths : e - e
Scan Widths epeat duration (s} |3 _'J
Dynamic Exclusion Erchusion list size;  |500 g
Mass Tags Exclusion duration [} |20.0 iy
Isotopic Data Depenc sclusion duration [s . P
Anslog Exelugsion masz width
Neutral Loss
Product " Bymass % Relative to reference mass (ppm)
= Segment . . .
Current Segment Low: 120.0 j High: |20.0 j
Chromatography
::::: :::: t::: E arly expiration
Charge State ™ Enabled o :,j"[
Neutral Loss ! = |
Product Mass List s =]
< | >
0K | Cancel |  Hep |
Figure 11.
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Data Dependent Settings El

= Global A
Global
Mass Widths
Scan Widths
Dynamic Exclusion
Mass Tags [~ Most intense if no Parent Masses found
Isotopic Data Depenc [ Exclude parent mass from MSn selection
Analog [ Use separate positive and negative polarity mass lists

Meutral Loss ;
B ¥ Enable preview mode for FTMS master scans

= Segment
Additional microscans event; |0 j
Chromatography
Patent Mass List
Reject Mass List
Chaige State
Meutral Loss
Product Mass List
£ >

[ ok ] cocel |  Hep |

Figure 12.

11. Figure 13 (Reject Mass List), is not required. But, if you have some background ions that you would prefer to ignore, it
is recommended to include this step.

Data Dependent Settings ﬁ|
=) Global o I Use global mass lists
Global Reisct
Mass Widths il ol
Scan Widths # [ MSmiz | Name | =
Dynamic Exclusion 1 389.11
Mass Tags 2 38911
|sotopic Data Depenc 3 38911
Analog 4 39128
Meutral Loss 5 3N 2B
Product 3] 39128
=l Segment 7 3N28
Current Segment 8 ey et}
Chromatography 9 39129
Parert b ass List 10 39229
ist ] 39229
Charge State 12 39229
Weutral Loss 12 e =
Product Mass List i s |Cantaminant mass names [max characters 60]|
E, | T
< ¥
[0k ]| cowel | Hep |
Figure 13.

12. Set up the charge state screening parameter as shown in Figure 14. The use of monoisotopic precursor selection and non-
peptide monoisotopic recognition is optional.
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Data Dependent Settings @

Meutral Loss
Fraduct

- Segment
Current Segment
Chromatography
Parent Mass List
Reject Maszs List
Charge State
MNeutral Losz
Product Mass List
add/Sub

=1 Sean Event
Current Scan Event
Activation
FT HCD
FTETD
Base Peak Ejection
Mazs Tags

< ¥

~

[+ Enable charge state screening
[¥ Enable monoisotopic precursar selection

¥ Use norpeptide monoisotopic recogrition
[ Enable charge state dependent ETD time

Charge state refection

Reject chaige states:

T2 I3 [ 4andup

o]

Cancel | Heip |

Figure 14.

13. While still in the Data Dependent Settings box, click on the Current Scan Event tab. Enter the values as shown in Figures
15 to 17. These values apply to Scan event 2.

Data Dependent Settings E]

Meutral Loss ~
Product Mirimum signal threshold (counts): [20000.0 i
=1 Segment
Current Segment Mazz determined from scan event: |1 j
Chiomatoaraphy
Parent Mass List [~ Same MS order as referenced scan event
Reiect Mass List & Ntk most intense ion 1 j
Charge State
Nicutal L 7 Nth maost intense from list j
Product Mass List
Add/Sub
= Scan Event
Current Scan Event I Multistage activation
Activation
FT HCD
FTETD
Base Peak Ejection
Mass Tags hd
< > [ Use procedure oo
0K | Cancel | Help
Figure 15.
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Data Dependent Settings

Meutral Loss
Product

- Segment
Cuirent Segment

Chiomatography
Parent Mass List
Reject Mass List
Chaige State
Meutral Lass
Product Mass List
Add/Sub

= Scan Event
Current Scan Evert

FT HCD

FTETD

Base Peak Ejection
Mass Tags

y ——

]

Activation type: |HCD -I

: =

Default charge state; |3 j
Isolation width [m/z): [3.0 =
Mormalized collision energy: {50.0 j
| =i

=]

st b [ooon =
Activation time [ms): =l

| ] I Canicel | Help l

Figure 16.

Data Dependent Settings

Meutral Loss
Product

- Segment
Current Segment
Chromatography
Parent Mass List
Reject Mass List
Charge State
Meutral Loss
Product Mags List
Add/Sub

- Scan Event
Current Scan Event
Activation
FT HCD
FTETD
Baze Peak Ejection
Maszs Tags

< >

X

First mass
* Fived at miz Fll]lﬂﬂ j
" Relative to partent mass: | j

un|c«-m|||-|¢|

Figure 17.

14. For Scan events 3 and 4, you will want to keep the same Activation and FT HCD values. Apply the values shown in
Figure 18 for Scan event 3 and Figure 19 for Scan event 4.
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Data Dependent Settings E]

Meutral Loss -
Praduct Minimum signal threshold (counts) {50000.0 -_JJ
- Segrent : o
Current Segment Mazz determined from scan event: |1 o
Chrarmatography
Parent Mass List [~ Same M5 order as referenced scan event
Reject Mass List * Mth most intenze ion 2 ﬂ
Charge State - :
Meutral Loss " Nth most intense from list _—J
Product Mass List
Add/Sub
=|- Scan Event
Curent Scan Event [ Multistage activation
Activation
FT HCD
FTETD
Base Peak Ejection
Mass Tags v
< 2 [ Use procedure 4
[ ok ] cowe | Hep |
Figure 18.
Data Dependent Settings E
Meutral Loss A~
Product Mirimum signal thresheld (caunts) (500000 =
= Segment
Cusrent Segment Mazz determined from scan event: I1 j
Chiomatography
Parent Mass List [~ Same MS order az referenced scan event
Reject Mass List * Nth most intense ion |3 i]
Chaige State
Meutral Loss  Nth most intense from list I j

™ Multistage activation

[T Useprocedure  Fio i
1 0K I Carncel ] Help |

Figure 19.

15. Figures 20 to 22 apply to Scan Events 5, 6 and 7. These are the CID steps in the duty cycle.
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Data Dependent Settings

Isotopec Data Depenc A
Analog Minimum signal threshold (counts); |10000.0 :]J
Neutral Loss
Mass determined from t: =1
Product 83 scan even |1 -
=1~ Segment
Cunent Segment 7 Same MS order as referenced scan event

P =
" Nth most intense from list | :I

' Nth most intense ion 1

[ Multistage activation

v
[T Use procedwe  Fiocedun |
[ o | Cancel | Hep |
Figure 20.
Data Dependent Settings @
Izotopic Data Depenc ~
Anzlog Minirum signal threshold (counts) | 10000.0 j
Meutral Loss
Product Mazz determined from scan event: |1 i
= Segment
Cument Segment I~ Same MS order as referenced scan event
Chromatography & Nth most intense ion 2 j
Parent Mass List ;
Reject Mass List € Mtk most intense from list j
Charge State
Meutial Loss
Product Mass List
Add/Sub ™ Multistage activation
= Scan Event
Activation
Base Peak Ejection
Mass Tags v
< | [7 Use procedure (100000
0K | Cocel |  Hep |
Figure 21.
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Data Dependent Settings El

Izotopic Data Depenc &
Analog Mirimum signal tiveshold (counts): [10000.0 j
Meutral Loss 7
Product Mass determined from scan event: |] j

= Segment
Current Segment [ Same MS order as referenced scan event
Chiomatography  Nth mostintense ion 2 |
Parent Mass List -
Fieject Mass List " Nth most intense from list I j
Charge State
Meutral Loss
Product Mass List
Add/Sub ™ Muliistage activation

= Scan Event
Current Scan Event
Aclivation
Base Peak Ejection
Mass Tags w

& L4 I™ Use procedure - |

[ ok ] cocet |  Hep |

Figure 22.

16. For each of the scan events 5 to 7, the activation tab will require the values shown in Figure 23.

Data Dependent Settings E|
Isotopic Data Depenc &
Analog
Meutral Loss
Product Activation ype: | CID -

- Segment g |
Cument Segment Default charge state: |6 ot
Chromatography e 20 =
Pk M Lisk lzolation width [m/z) =
Reject Mass List Normalized collision energy: |35.0 ;[
Charge State —_ 0350 7|
Meutral Loss Activation Q: =i
Product Mass List Activation time (ms} [30.000
Add/Sub o -

= Scan Event
Current Scan Event
-

Base Peak Ejection
Mass Tags b
< | >
0K |  Cancel |  Hep |
Figure 23.

17. Enable the stepped collion energy feature. Go to the LTQ Orbitrap XL - Stepped Collision energy tab. Check the
Enabled box and enter a Collision Energy Width of 10 % and for Number of steps a value of 2.

Stepped Normalized Collision Energy E|

¥ Enahled

Callision energy width (S6): | 10,0 ﬂ

Murber of steps: |2 ﬁ

a4 | Cancel ] Help ‘

Figure 24.
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18. Once the method setup is complete, click on the Summary tab, located at the top right portion of the screen. The
summary of the method you have just created will be similar to that which is shown in Figures 25 and 26.

MS Debectanetup| Mass Lists] Syinge Purnpi Dive:l\'ahrel Contact Closure  Summary |

Method summany:
Additional Microscans:

0
0
0
MS6 0
0
0
0
0

[=F—E—F—E—K—F—1—F-—]

Segment 1 Information

Duration (min): 150.00
Number of Scan Ewvents: 7
Tune Method: TuningForTHT

Scan Event Details:
1: FTHMS + p norm res=15000 o(380.0-1800.0)
CV = 0.0V
2: FTHS + c norm res=7500 Dep MS-MS Host intense ion from (1)
Activation Type: HCD

Min. Signal Required: 50000.0
Isolation Width: 3.00
Hormalized Coll. Energy: 50.0
Default Charge State: 3
Activation Time: 30.000

FT first mas=s mode: fixed at msz
FT first mass valus: 100.00
CV¥ = 0.0V
3: FTHS + c norm res=7500 Dep HS-MS 2nd most intense ion from (1)
Activation Type: HCD
HMin. Signal Required: S0000.0
Isolation Width: 3.00
Mormalized Coll. Energy: 50.0
Default Charge State: 3
Activation Time: 30.000
FT first mass mode: fixed at m/z
FT first mass wvalue=: 100.00
CV = 0.0V
4: FTHS + c norm res=7500 Dep MS/MS 3rd most intense ion from (1)
Ahotivation Type: HCD

Min. Signal Required: 50000.0
Izolation Width: 3.00
Hormalized Coll. Energy: 50.0
Default Charge State: 3
Activation Time: 30.000

FT first mass mode: fixed at m-z
FT first mass wvalu=s: 100.00
C¥ = 0.0V

Figure 25.
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MS Detector Setup ] Mass Lists ] Syringe Pump ] Divert Yalve ] Contact Closure  Summary

Method summary:

Izolation Width:
Hormalized Coll. Energy:
Default Charge State:
Activation Time:

FT first mass node:
FT first mass valus:
CY = 0.0V

Adctivation Type:

Min. Signal Kequired:
Izolation Width:
Hormalized Coll. Energy:
Default Charge State:
hotivation Q:

Activation Time:

CV = 0.0V

Activation Type:

Min. Signal Fequired:
Izolation Width:
Hormalized Coll. Energy:
Default Charge State:
Activation Q:

hotivation Time:

CYy = 0.0V

Activation Type:

Min. Signal Eequired:
Isolation Width:
Normalized Coll. Enesrgy:
Default Charge State:
Activation Q:

Activation Time:

C¥ = 0.0V

Lock Masses:
Pos List Nane:
Source:
Mass List:
Neg List Hame:
Sources:
Mazs List:

Data Dependent Settings:

Parent Mass List:
Reject Mass List:

Figure 26.

*TMT is a registered trademark of Proteome Sciences plc.

3.00
50.0

3
30.000

fixed at mn-z
100,

oo

5. ITHS + c norm Dep MS/MS HnséIéntsnss ion from (1)

10000.0
3.00

35.0

&
0.250
30.000

6. ITHS + c norm Dep MS-MS Znd most intense ion from (1)

CID
10000.0
3.00
35.0

&

0,250
30.000

7. ITHS + ¢ norm Dep MS/MS 3rd most intense ion from (1)

10000.0
3.00
35.0

&

0,250
30.000

H-A

API Source
(none)

Hoh

APT Source
(none)

Use separate polarity settings disabled

none )

389.11 g9 11 389,11 391.28 391,28
391.28 391.28 391.29 391.29 392.29
392.29 392.29 392.29 393.08 413,26
413 .27 413.27 419 31 419 .31 419 32
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