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LC-MS Based Protein Quantitation 

 Pharma industry is moving to adopt LC-MS based quantitation 

in parallel with immunoassay techniques 

 

 Regulatory requests to have “more specific” assays to enable 

better understanding of new therapeutics 

 

 Current trends moving towards more complex molecules 

(ADC’s, bispecifics, etc.) and more complex treatments (co-

dosing of mAb’s and small molecules, or mixtures) 

 

 Development of advanced capabilities/skills in both discovery 

and development stages are needed to support future Biologics 

pipelines 
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Current Sensitivity for mAb PK study by  
QQQ-MRM (and Microflow) 

 Sample preparation:  

– Immunoprecipitation 

o Beads: Protein G Magnetic Dynabeads (100uL beads) 

o Sample: 20uL spiked SiluLite plasma + 25ug/mL SilumAb + TBS 

o React 1hr RT, Wash 3x TBS, Elute 1hr 100uL 0.1%TFA 

– Reduce/Alkylate/Digest 

o DTT reduction, IAM alkylation, 4hr trypsin digestion 

 

 LC/MS 

o M-class Acquity with IonKey on Xevo TQS 

o A: 0.1% FA in H2O; B: 0.1% FA in ACN  

o 3uL/min flow rate, 12 min run time, 10-55% B in 7 min 

o 1uL injection 

– Typically 0.2-0.5ug/mL LLOQ 
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QQQ Peptide Intensity for Standard Curve 
TQS-IonKey Platform 

Analyte 

Std Conc 
(ug/mL) 

Calc Conc 
(ug/mL) 

Accuracy 

0.2 0.2 -2% 

0.5 0.5 0% 

1 1.1 9% 

2 2.1 7% 

5 4.6 -7% 

10 8.8 -12% 

25 28.9 16% 

50 40.8 -18% 

100 103.4 3% 

200 206.6 3% 
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Conditions 

 LC Conditions – Acquity I-Class 

– Mobile Phase A: Water + 0.1% formic acid, B: ACN + 0.1% formic acid  

– 2% to 40% B over 9 minutes, 400uL/min 

– ACQUITY UPLC BEH C18 Column, 1.7 µm, 2.1 mm X 100 mm 

– Column Temp 40C 

– Injection Volume 1uL 

 

 MS – Vion IMS QTof 

– Acquisition Modes 

o HDMS – Fullscan w IMS (50-2000 m/z, sensitivity mode) 

o HSMRM – TofMRM w IMS (SIM Mode and MRM Mode) 

– Source 

o Capillary: 0.7 kV 

o Desolvation Temp: 400C 

o Desolvation Gas: 800L/h 
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Travelling Wave IMS 

VVSV 3+ 
m/z  603.339 

Advantages 
• Fullscan or Targeted 

IMS Modes 
• CCS Value is 

reproducible measure 
that can be used to 
identify or filter ions 
like m/z 

• Charge state and size 
dependent 
 

Can we: 
• Use the property to 

select ions for 
quantitation 

• Get good linearity? 
• Get good sensitivity? 
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IMS-QTof 
Mechanisms of Selectivity 

Highly specific XICs with 
many points across the peak 

Using Ion Mobility to clean up 
Ions prior to entering Quadrupole 

Optional 
Fragment selected ions 

IMS - Tof MRM (SIM Mode) 

IMS - Tof MRM 

IMS - Fullscan 

Measure CCS (IMS) of 
molecule 

Non CE 
tuned 

CE 
Tuning 
required 

+ Target Enhancement 

+ Target Enhancement 
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The Challenge of Ion Mobility 
> Linear Dynamic Range 

Non-IMS vs IMS mode of operation 
Signals are more ‘bunched’ up  
- This increases the number of ions hitting the detector per push per mass peak 
- Quan Tof 2 specifically designed to address this limitation and make IMS routine 
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HDMS – IMS Enabled Fullscan 
 

1uL injection  2.1 
Analytical Scale 
0.2 ug/mL LOD 

MS XIC +IMS 

How did we get to this 
IMS chromatogram? 
 
 
Select best m/z and mass 
tolerance 
 
 
Select best DT and DT 
tolerance 
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Improving Selectivity for HRMS 
Combining MS and IMS 

VVSV Peptide, 1 ug/mL, 
1uL injection  

100 ppm 
S/N 2.3 

25 ppm 
S/N 6.7 

25 mDa + IMS 
S/N 13.0 

HRMS 

+IMS 
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IMS – Tunable Parameter for better S/N 

Increasing 
Selectivity 

None 

0.47ms 

1 ms 

3 ms 

6.7 

7.9 

9.6 

13.1 

S/N 
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Replicates/Linearity 
1-200 ug/mL – Vion HDMS 



©2015 Waters Corporation  15 

Great for characterization, method development  
Great for quantitation (can pull out many other peptides from same data) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BUT what if we want to maximize sensitivity and simplicity, in a more locked down 
method which would be suitable for a routine assay … 
 

What does the (spectral) data actually 
look like? 
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Targeted Modes 
- Options beyond IMS Fullscan 

Select IMS Window (Narrow or Wide) 

 

 

Select Precursor (Tof SIM) 

 

 

Select Quad Window (Narrow or Wide) 

 

 

Select Fragment Ion, Tune CE (Tof MRM) 

 

 

Select ppm/mDa XIC window (maximize S/N) 

Options to 
Potentially 
Increase 
Selectivity 
and 
Sensitivity 
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High Selectivity - HS MRM 

Ion Mobility Enabled Tof MRM 
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HS MRM (SIM Mode) 

603.4>603.339, CE 6eV 
 

S/N 75 at 1uL, 1ug/mL 
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HS MRM (SIM Mode) 

0.5 
mg/mL 
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HS MRM (SIM Mode) 
Spectral Data/Complexity 

VVSV
IS 

VVSV 

Could also be 
independently 
collected (if desired) 

Equivalent Fullscan at LOQ 
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HS MRM 
– Tuned Fragment Ion 

602.3>712.390 
 

CE 20 eV 
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Tof MRM – 3uL 
 
 

HS MRM – 1uL 
 
 

VVSV Peptide Comparison 
Tof MRM vs HS MRM (SIM Modes) 

In this example, Ion Mobility 
easily resolves what m/z can not 
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Conclusions 

 IMS and HRMS data highly reproducible and accurate 

 Method development through quantitative assay possible on a 
single platform 

 IMS for Quantitation 

– Dynamic range limitations from previous generations not limiting for 
assay 

– IMS is a tunable property of the molecule, enables selectivity beyond 
mass/quad based properties. 

 

Future Work 
 

 Continue optimizing MRM modes, Tof MRM, HSMRM (SIM and MRM 
modes) 

 Define best practices, when to use IMS, which defaults work best 

 Evaluate effects of Analytical Scale vs Microflow for Tof Platforms 
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