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Orbitrap Fusion Lumos 

Presenter
Presentation Notes
The new technology enhancements on Orbitrap Lumos as compared to Orbitrap Fusion are highlighted in blue.  

1) The brighter ion source consists of the HCTT and EDIF, both are from the TSQ Quantiva product line.  They increase the signal 2-5X. 

2) The Advanced Active Ion Beam Guide (AABG) is from Q Exactive product line and keeps the Q1 clean(er). 

3) A segmented quadrupole powered by the Advanced Quadrupole Technology is also from the Q Exactive product line. It allows for better transmission at higher resolutions, symmetric transmission across the isolation window, and improved transmission for m/z >1000.  

4) The Advanced Vacuum Technology allows to manage gas flow in the IRM/Ion Trap and UHV regions, such that the higher vacuum is obtained between the C-trap and Orbitrap.  
The Lumos instrument inherits the winning tribrid architecture from the Orbitrap Fusion and all the proven hardware elements, such as ultra-high field Orbitrap, Ion Routing multipole, linear ion trap and Easy IC/ETD source. Note that the way we produce anions for ETD and IC has not changed.  The ETD HD is an improved way to conduct ETD experiments in the linear ion trap, utilizing 3X more precursor ions.  This results in much improved detection limits and dynamic range of the ETD reaction.  
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Application Dependency: Pressure & Resolution 
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Reduced mAb Heavy Chain 
Isotopic Resolution 

CS 42+ 

Standard 
Pressure Mode 

R @ 15000 

Intact Protein 
Mode 
IRM @ 2mtorr 
R @ 120000 

Intact Protein 
Mode 
IRM @ 1mtorr 
R @ 240000 

MS  
Protein  
<40kDa 

MS/MS 
 
 

MS  
Protein  

40-50 kDa 

Presenter
Presentation Notes
The Orbitrap Resolution and IRM pressure settings are dependent on the application of interest. Examples below:

Orbitrap resolution 15000 and IRM pressure 8 mTorr (standard pressure mode) for average mass analysis of large proteins (>50 kDa) such as intact mAb.

For isotopic resolution of intact proteins (mol. Wt < 40kDa), Orbitrap resolution 120K  at IRM 2 mTorr (intact protein mode) is sufficient. However 240K resolution and 1mtorr IRM pressure is needed for proteins in the mass range 40-50 kDa. Often SIM and/or heavy averaging is required to build up signal. 

For Top-down fragmentation of intact proteins you can use Orbitrap resolution 120K  at IRM 2 mTorr (intact protein mode). Note: If using 240K go down to 1 mTorr pressure for intact protein mode.
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• Check all positive calibrations before 
proceeding to extended positive calibrations.  
 

• Check Negative mode Ion optics & Ion Trap 
electron multiplier gain calibrations prior to ETD 
calibration. 

General Calibrations 

Presenter
Presentation Notes
Check the standard calibrations before proceeding to extended calibrations for intact protein analysis
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Extended Calibrations 
MS  

Protein  
>50 kDa 

Normal Mass Range 
No Extended 

Calibrations Required 

High Mass Range 
Positive Extended:  
High Mass Range 

 CalMix & Enfuvirtide 

Presenter
Presentation Notes
For proteins larger than 50kDa, no extended calibrations are needed if the spectra will be acquired in normal mass range.
For proteins larger than 50kDa, instrument needs to be calibrated with calmix and Enfuvirtide prior to acquiring the spectra in high mass range.
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Extended Calibrations Contd. 
MS  

Protein  
<40 kDa 

Set IRM Pressure @ 
2mtorr 

Positive Extended:  
Intact Protein Mode 

MS  
Protein  

40-50 kDa 

Set IRM Pressure @ 
1mtorr 

Positive Extended:  
Intact Protein Mode 

Presenter
Presentation Notes
120K resolution at 2 mtorr is sufficient for proteins <40kDa, however 240K resolution and 1mtorr IRM pressure is needed for proteins in the mass range 40-50 kDa.
For isotopic resolution of intact proteins, the mass spec needs to be calibrated in intact protein mode at the given IPM pressure value.
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IPM Pressure Setting 
• IPM pressure can be changed in 
diagnostics, by changing the parameter 
value under ‘Set IRM pressure (Intact)’ 
and then click on Start. 

• HardwareSystemIRM Set IRM 
Pressure (Intact) ‘IRM_Pressure’ 
Parameter Value 

• Note: The instrument can only be 
calibrated for one ‘IRM Pressure 
(Intact)’ at a given time. 

• The intact protein mode calibration 
(optics) needs to be run at the desired 
IRM pressure (Intact). 

 

Presenter
Presentation Notes
The IRM pressure for intact protein mode can be changed in diagnostics as shown. For example set ‘IRM_Pressure’ Parameter value 0.001 for resolution of 40-50 kDa intact proteins.

Note that the instrument can only be calibrated for one IRM pressure value for standard protein mode plus one IRM pressure value for intact protein mode at a time.
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Extended Calibrations Contd. 

MS/MS 
Set IRM Pressure @ 

2mtorr 
 

Positive Extended:  
Intact Protein Mode  

& 
ETD Extended: 

Intact Protein Mode 

Presenter
Presentation Notes
For top-down MS/MS characterization of intact proteins the extended calibrations needed are source to IRM, IRM to C-trap, IRM to Ion trap and the reagent ion source to IRM optics calibration in intact protein mode.
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• To improve spectra S/N use either microscans (each is a single transient) 
or Averager in Tune.  S/N improves as square root of number of 
transients averaged. 

• When spectra are averaged in Qual browser, both signal and noise are 
averaged, the gain in S/N is somewhat lower. 

• Whenever possible try to average as many transients as possible to 
improve spectral S/N. 

• Averager updates the scan with every transient added. 
• Microscans update the scan only when all transients are added. 
• The end result is exactly the same whether you use n microscans or 

average n transients through Averager.  The only difference is in the scan 
update frequency. 

• Averager uses rolling average routine. 
• When using microscans (n) the scan appear after averaging the last n 

transients. 
 
 

FT Signal: Averaged Transients vs. Averaged Scans 



The world leader in serving science 

Direct Infusion: Carbonic Anhydrase 
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• P/N C2522, Sigma 
• Direct Infusion: Flow rate 3ul/min 
• 1-5 pmol/ul in 50:50 AcN: H2O, 0.1% FA 
• HESI probe (same source conditions as for calmix) 

Carbonic Anhydrase (29 kDa) 

(42.0106) SHHWGYGKH NGPEHWHKDF PIANGERQSP 
VDIDTKAVVQ DPALKPLALV YGEATSRRMV NNGHSFNVEY 
DDSQDKAVLK DGPLTGTYRL VQFHFHWGSS DDQGSEHTVD 
RKKYAAELHLVHWNTKYGDF GTAAQQPDGL AVVGVFLKVG 
DANPALQKVL DALDSIKTKG KSTDFPNFDPGSLLPNVLDY 
WTYPGSLTTP PLLESVTWIV LKEPISVSSQ QMLKFRTLNF 
NAEGEPELLM LANWRPAQPL KNRQVRGFPK 

N-terminal 
acetylation 
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Presenter
Presentation Notes
Data acquired for proteins at 120K or 240K resolution is isotopically resolved and can be processed using Xtract or THRASH algorithms to provide Monoisotopic Mass.
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Carbonic Anhydrase MS/MS CID 
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Presenter
Presentation Notes
List of monoisotopic masses obtained from Xtract deconvolution was processed using ProSight Lite with fragment mass measurement tolerance 10ppm.
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Carbonic Anhydrase MS/MS HCD 
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Presenter
Presentation Notes
List of monoisotopic masses obtained from Xtract deconvolution was processed using ProSight Lite with fragment mass measurement tolerance 10ppm.
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Carbonic Anhydrase ETD HD 
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Presenter
Presentation Notes
List of monoisotopic masses obtained from Xtract deconvolution was processed using ProSight Lite with fragment mass measurement tolerance 10ppm.




The world leader in serving science 

Direct Infusion: Enolase 
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• P/N E6126, Sigma 
• Direct Infusion: Flow rate 3ul/min 
• Clean-up using Bio-Rad Micro spin columns (follow manufacturer’s 

instructions) 
• 10 -20 pmol/ul in 50:50 AcN: H2O, 0.1% FA 

Enolase (47 kDa) 

AVSKVYARSVYDSRGNPTVEVELTTEKGVFRSIVPSGASTGVHEALEMRDGDKSKWMGKG
VLHAVKNVNDVIAPAFVKANIDVKDQKAVDDFLISLDGTANKSKLGANAILGVSLAASRAAAAE
KNVPLYKHLADLSKSKTSPYVLPVPFLNVLNGGSHAGGALALQEFMIAPTGAKTFAEALRIGS
EVYHNLKSLTKKRYGASAGNVGDEGGVAPNIQTAEEALDLIVDAIKAAGHDGKVKIGLDCASS
EFFKDGKYDLDFKNPNSDKSKWLTGPQLADLYHSLMKRYPIVSIEDPFAEDDWEAWSHFFKT
AGIQIVADDLTVTNPKRIATAIEKKAADALLLKVNQIGTLSESIKAAQDSFAAGWGVMVSHRSG
ETEDTFIADLVVGLRTGQIKTGAPARSERLAKLNQLLRIEEELGDNAVFAGENFHHGDKL 
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Presenter
Presentation Notes
Data acquired for large proteins at 15000 resolution is charge state resolved and can be processed using ReSpect deconvolution to provide Average Mass.
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Presenter
Presentation Notes
List of monoisotopic masses obtained from Xtract deconvolution was processed using ProSight Lite with fragment mass measurement tolerance 10ppm.
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T: FTMS + p ESI Full ms2 898.5000@hcd10.00 [200.0000 1600.0000]
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Presenter
Presentation Notes
List of monoisotopic masses obtained from Xtract deconvolution was processed using ProSight Lite with fragment mass measurement tolerance 10ppm.
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Rxn 9ms 

Enolase ETD HD CS 52+ 
Rxn 3ms 

Rxn 5ms 

Rxn 7ms 

240K, 1mtorr, Reagent AGC 7e5 

AGC 1e6, 200 uscans 
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Enolase CS 52+,  ETD HD Sequence Coverage 

5ms 3ms 

7ms 9ms 

3ms 

7ms 9ms 

Presenter
Presentation Notes
ETD HD sequence coverage for Enolase CS 52+ obtained at different reaction times 
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Rxn 9ms 

Enolase ETD HD CS 63+ 
Rxn 3ms 

Rxn 5ms 

Rxn 7ms 

240K, 1mtorr, Reagent AGC 7e5 

AGC 1e6, 200 uscans 
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Enolase CS 63+,  ETD HD Seq Coverage 

5ms 3ms 

7ms 
9ms 

Presenter
Presentation Notes
ETD HD sequence coverage for Enolase CS 63+ obtained at different reaction times 
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Enolase Combined Sequence Coverage 
56% Seq Coverage 

Presenter
Presentation Notes
Combined sequence coverage obtained from combining results from HCD, CID and ETD HD (CS 52+ and CS 63+ at different reaction times).
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Enolase MS2 CID MS3 CID 

MS2 CID m/z 898, MS3 m/z 870 CID 

MS3 Precursor Sequence 
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Enolase MS2 CID MS3 ETD 
 

S  p S  u  s3 898 5000@c d35 00 8 0 000@etd5 00 [ 00 0000 000 0000]
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607.32

MS2 CID m/z 898, MS3 ETD m/z 870 

MS3 Precursor Sequence 



The world leader in serving science 

DDA LC-MS Analysis: Bacterial Lysates 
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• LC: Dionex Ultimate 3000RSLCnano 

 
• Flow rate: 12 ul/min 

 
• Column: ProSwift  Monolithic RP-4H  
     200 μm x 25cm 

 
• Trap Column (optional): Prototype C4, 200 

μm x 5mm 
 

• Solvents:  A: H2O, 0.1% FA 
               B: AcN, 0.1% FA 

 
• Gradient: 20% B to 60% B in 90min 

 
 

 
 

Chromatography 
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• High / High Method 

• Full MS @ 120000 resolution 

• MS2 @ 120000 resolution 

 

• Medium / High Method 

• Full MS @ 15000 resolution 

• MS2 @ 120000 resolution 

 

Instrument Method Full MS 
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Instrument Method DDA 
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DDA Parameters 
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E. coli DDA Total Ion Chromatogram 
RT: 9.93 - 60.29
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Full Scan MS 

CID MS/MS 

120K, 2mtorr 
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Data Processing: ProSight PD 
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Protein Identifications 
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Presenter
Presentation Notes
For both bacterial lysates the High/High method with Full MS @ 120000 and MS2 @ 120000 gave higher number of protein identifications
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Identification of Large Proteins 
Greater number of large proteins (>30kDa) identified using Med/High 
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High Flow LC-MS Analysis: Intact mAb 
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Intact IgG: Seven Major Glycosylated Forms 



39 Proprietary & Confidential 

How Many Components Are In Each Peak?  

•Covalent mods can include: SS red/ox, oxidation, deamidation, aa 
substitutions, Lys variants, sialated forms  
 

•Non-covalent mods can include: metal adducts, phosphate adducts 
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Commonly Observed CS Distribution…….s???? 
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Evidence For Multiple Overlapping Distributions 

 

_ _ p _ _ _ _ _ _ _ _ _  
T: FTMS + p NSI sid=40.00  Full ms [1000.0000-5000.0000]
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49+ 

41+ Varied mass shifts 

1-2 Da shifts are not  
distinguishable from 
centroiding errors 

Larger shifts are indicative 
of varied abundances of 
overlapping signals 
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41+: Higher Resolution Reveals Multiple Isoforms 

15K 

30K 

60K 

Unique to 
Orbitrap 
Analyzer 
  

G0F-G0F 
G0F-G1F 

G1F-G1F 

G1F-G2F 
G2F-G2F 



43 Proprietary & Confidential 

 
• Sigma mAb (p/n MSQC4) 

 
• Sample Load: 1ug 

 
• LC : Dionex Ultimate 3000 
  
• Column: MabPac RP 2.1 x 10 cm 
 

Chromatography 

LC Gradient  
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Instrument Method Full MS 
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Divert Valve Set-up 
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Sigma mAb LCMS: 15K Full MS 
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BioPharma Finder Deconvolution Results 

G0F/G1F 

G0F/G0F G1F/G1F 

G1F/G2F G0/G0F 
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Targeted LC-MS Analysis: Reduced mAb  
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• Sample Load: 3ug  

 
• Sigma mAb (p/n MSQC4) 
     Reduced deglycosylated 

 
• LC : Dionex Ultimate 3000  
    (High Flow) 

 
• Column: MabPac RP 2.1 x 10 cm 
 

Chromatography:Flow Rate 300 ul/min 

LC Gradient  



50 Proprietary & Confidential 

Divert Valve Set-up 
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RT: 0.00 - 10.00
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Deglycosylated Reduced mAb 

Heavy Chain 

Light Chain 

Heavy Chain 

Light Chain 

15K, 8mtorr, AGC 2e5 
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Heavy Chain: ReSpect Sliding Window Deconvolution 

Average Mass 
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Light Chain Isotopic Resolution 
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120K, 2mtorr, AGC 2e5 
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Light Chain: Xtract Deconvolution 
deglyco_120K_run02_XT_00001_M_ #2 RT: 2.00 AV: 1 NL: 2.85E8
T: FTMS + p ESI Full ms [600.00-1700.00]
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Light Chain: Wide Isolation Window 
41% Seq Cov 

33% Seq Cov 

ETD 15ms 

ETD 15ms 

ETD MS/MS 
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Light Chain: ETD & EThcD 
65% Sequence Coverage 

• EThcD: 15ms, 25ms 
• ETD iw 400: 7ms, 15ms 
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Heavy Chain: ETD Fragmentation 
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Rxn 10ms 

Rxn 15ms 

Rxn 25ms 

120K, 2mtorr, AGC 2e5 
Isolation window 400 m/z 
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Heavy Chain:CID, HCD Fragmentation 

CID 35 

HCD 10 

120K, 2mtorr, AGC 2e5 
Isolation window 400 m/z 
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Combined Seq Cov: ETD, HCD, CID 
25% Sequence Coverage 

• ETD 10ms, 15ms, 25ms 
• CID 35%,  HCD 10% 
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Heavy Chain Isotopic Resolution: LC-MS 
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240K, 1mtorr, AGC 2e5 
8ug sample on column, 5uscans, spectrum averaged over LC-MS peak 
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• Sample load: 500ng 

 
• Sigma mAb (p/n MSQC4) 
     Reduced deglycosylated 

 
• LC : Dionex Ultimate 3000  

(Microflow) 
 

• Column: ProSwift  Monolithic RP-4H  
      200um x 25cm 
 

Chromatography: Flow Rate 15ul/min 

LC Gradient  
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Light Chain: Top-down Fragmentation 
HCD 10: 22% Seq Cov CID 30: 22% Seq Cov 

ETD 15ms: 46% Seq Cov ETD 25ms: 44% Seq Cov 
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Light Chain Combined Coverage 
70% Sequence Coverage 

• ETD 15ms, 25ms 
• HCD 10 
• CID 30 
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Heavy Chain: ETD HD Fragmentation (CS 52+) 

ETD Rxn 15ms 

ETD Rxn 25ms 

120K, 2mtorr 
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Heavy Chain HCD Fragmentation (CS 52+) 
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Combined Sequence Coverage 
31% Sequence Coverage 

• ETD 15ms, 25ms 
• HCD 10% 
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