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Bottom Up Protein Quantitation by LC-
MS/MS

• How do we improve detection limits?
– Add more sample?
– Use a more sensitive QqQ? 

• To improve assay sensitivity we must increase selectivity



• Purify the sample

– Pellet digestion, Size Exclusion, SPE

• Quick

• Cost effective

• Crude

– Immunopulldown

• Time

• Cost

• Availability

• Use a more selective analytical tool

– HR-MS

– 2D LC

– Ion Mobility

– QTrap

How Do We Increase Selectivity?



The Case Study

• Analyte: Protein biomarker
• No protein level clean-up - total plasma digestion
• Peptide level clean-up using mixed mode SPE (SCX/RP)
• Injected onto UPLC coupled to 6500+ QqQ
• Assay validated range 1- 50 µg/mL

Nominal Conc
(µg/mL)

Number of 
samples % Bias % CV

1.00 6 of 6 3.0 3.5

2.63 6 of 6 -10.6 11.1

10.0 6 of 6 -13.3 13.8

37.9 6 of 6 -5.8 9.3

50.0 6 of 6 -7.8 2.6



Representative Chromatograms on 6500+ 
@ LLOQ (1µg/mL) 

Single Transition Sum of 3 Transitions

S/N = 18.0 S/N = 15.8



HR-MS



6600 Quantitation Approach: MRM-HR

• Generation of a rich data set
• Enables post acquisition processing

– Width of extraction window
– Number of fragment ions to monitor/sum

https://doi.org/10.1016/j.jprot.2014.12.002

https://doi.org/10.1016/j.jprot.2014.12.002


Detector Speed

• High speed detector - Fast acquisition rates without compromising sensitivity
• Ideal for coupling to fast bioanalytical LC separations, maintaining sufficient 

chromatographic data points
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Extraction Window Determination

y7 S/N = 94.4
y8 S/N = 46.5
y9 S/N = 81.4

1 mDa Window y7 S/N = 96.7
y8 S/N = 46.4
y9 S/N = 86.8

5 mDa Window

y7 S/N = 109.0
y8 S/N = 50.5
y9 S/N = 109.5

10 mDa Window 25 mDa Window y7 S/N = 107.2
y8 S/N = 60.2
y9 S/N = 98.8



Summation of Fragment Ions

Sum of Transitions: 
y7 (10 mDa)
y8 (25 mDa)
y9 (10 mDa)

S/N = 158.4S/N = 127.2 Sum of Transitions: 
y7 (10 mDa)
y9 (10 mDa)



LLOQ (1µg/mL) Comparison 

Single Transition

S/N = 18.0

9x Gain in Sensitivity

S/N = 158.4

Sum of Transitions: 
y7 (10 mDa)
y9 (10 mDa)

QqQ qToF



HR-MS Linearity, Precision & Accuracy

Nominal Conc
(µg/mL)

Number of 
samples Accuracy (%) % CV

1.00 6 of 6 104.99 1.46
2.63 6 of 6 114.78 4.64
10.0 6 of 6 107.43 4.01
37.9 6 of 6 108.43 0.82
50.0 6 of 6 104.07 2.79



Mass Shift Monitoring

y7

y8

y9

• Overlaid spectra generated from Std 8 (50µg/mL) samples injected at 
beginning and end of batch



2D LC



2D System Setup

• Single heart-cutting 2D 
using two orthogonal 
phases

• Trap & back elute
• Online SPE 
• Ability to dilute before 

trap for coupling 
‘incompatible’ 1D and 2D 
phases

• Ability to dilute before 1D 
for loading high organic 
% samples

• Refocus peaks between 
1D and 2D

• Non-MS compatible MS 
separations on 1D
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SCX/RP: Heart-cut Setup
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• Stationary Phases:

– SCX on 1D (5 x 4.6mm, 3.5µm)

– C8 Trap (5 x 4.6mm, 3.5µm)

– C18 (50 x 2.1mm, 1.7µm) on 2D

• Mobile Phases

– 1D: MPA = 10mM KH2PO4 in 25% ACN (aq); MPB = 500mM KCl in MPA

– 2D: MPA = 0.1% FA (aq); MPB = 0.1% FA in ACN



LLOQ (1µg/mL) Comparison 

S/N = 18.0

1D LC 2D LC

8x Gain in Sensitivity

Peak Width = 4.5 s Peak Width = 4.8 s



2D LC Linearity, Precision & Accuracy

Nominal Conc
(µg/mL)

Number of 
samples Accuracy (%) % CV

1.00 6 of 6 93.72 2.72
2.63 6 of 6 97.50 1.96
10.0 6 of 6 96.64 2.04
37.9 6 of 6 93.85 4.35
50.0 6 of 6 92.97 4.29



2D LC Chromatographic Robustness

19

IS Peak Area Plot

IS Retention Time Plot



2D LC Performance at 20x Lower Concentration

• Replicates of extracted sample @ 50ng/mL
• Average S/N = 6.3
• Average Peak Area %CV = 2.1



Workflow Comparison

Denature & 
Reduce – 45 mins Alkylate – 45 mins Digest - Overnight Quench & perform 

SPE – 60 mins
Transfer 40% & 
evaporate – 120 

mins
Recon & Inject – 8 

mins / sample 

Denature & Reduce 
– 45 mins Alkylate – 45 mins Digest - Overnight

Quench, filter  & 
inject – 11 mins / 

sample

• Run time
– 1.6 hours/plate longer for 2D

• Number of steps
– 9 manual steps removed from 2D

• Sample Loading
– 2x more sample loaded onto 2D

• Cost per plate
– ~£100 cheaper to run 1 plate on 2D

1D Workflow

2D Workflow



Summary
• Both instruments demonstrated the ability to increase 

assay sensitivity
– HR-MS

• Simplification of quantitative assay setup 
• Post acquisition interrogation of data
• Longer down time for maintenance
• Larger file size consideration

– 2D LC
• Flexibility in system setup
• Automation of offline processes for improved robustness 
• More complex setup - more maintenance
• Increased difficulty in setting up LC conditions & trouble-

shooting

• A varied toolkit provides orthogonal selectivity crucial 
in supporting the bioanalysis of large molecules by LC-
MS
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