
Debbie
Asthma sufferer
UK

Richard Snell, Bioanalysis, 
Immunogenicity and 
Biomarker, GSK

The Role of High 
Resolution Mass 
Spectrometry in 
Quantitative Bio-
analytical Lab



Small Molecule Quantification
Advantages of HRMS for non-regulated 

studies
Rapid chromatography
Method validation data

Agenda

CESI for mAb Quantification
Back ground to CESI-MS

Current Methodology
CESI-MS Method

Is HRMS The Jack of All Trades for Bioanalysis?



Small Molecule Quant



Formula 
change

Mass 
Shift (Da)

Phase I

Hydroxylation + 
Dehydration, 
Primary/secondary alcohol 
to aldehyde/Ketone, 
desaturation

- H2 -2

Oxidative defluorination -F + OH - 2

Oxidative deamination to 
ketone

-NH3+ -1 - 1

Phase II (possible in 
source dissociation back 
to parent)

Glucuronidation +C6H8O7 +176

Sulphation +SO4 +80

Why use HRMS?

– Reduced set up times
– No Infusion
– Need only structural information

– Multiple Acquisition modes in a single injection
– TOS/MS
– Product Ion Scan

– Multiple ways to quantify
– Sum Charge states 
– Sum product ions

– More information from a single injection
– Drug related metabolites
– No need for extra injections
– Data from that injection can be looked at a later date
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Rapid LC

– LLQ 1ng/mL (product ion)
– 10mm column directly 

into source
– 30 second gradient 

1ml/min
– 1.32 second peak
– 11 points across the peak 

with a 10 ms
accumulation time
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Validation Data
Range 1 to 1000ng/mL
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Calibration for SKF53716 TOF: y = 0.02705 x + -0.00695 (r = 0.99746)  (weighting: 1 /  x^2)
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Calibration for GSK3074566 TOF: y = 0.02834 x + -0.00651 (r = 0.99595)  (weighting: 1 /  x^2)

Mean 2.64 904.62
SD 0.15 16.79

%CV 5.57 1.86
%Bias -11.84 13.08

Mean 2.61 923.97
SD 0.20 28.20

%CV 7.74 3.05
%Bias -12.97 15.50



Validation Data

– Re-injection of P&A run from an ongoing validation, with 2 analytes
– Method validated on Waters TQS range 20 to 20000 ng/mL (analyte 1) and 1 to 1000 

ng/mL (analyte 2)
– Analyte 2  Actual LLQ for 6600 TTOF around 5ng/mL, data for 1 and 3 ng/mL not included 

as signal to noise ration below acceptable limits.
– All data falls within 15% P&A
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Validation Data

Analyte 1 Concnetration (ng/mL)

20 60 800 16000 20000 50000*

Mean 20.61 55.84 826.33 17755.38 21240.87 45325.84

SD 0.58 1.67 32.52 918.61 664.94 628.01

%CV 2.80 2.99 3.94 5.17 3.13 1.39

%Bias 3.03 -6.93 3.29 10.97 6.20 -9.35

Product ion data – summing multiple product ions

*QC run with 10x dilution
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Analyte 2 Concnetration (ng/mL)

1 3 40 800 1000 2500*

Mean

NQ NQ

38.16 814.54 1132.11 2468.50

SD 4.32 56.69 78.24 96.30

%CV 11.33 6.96 6.91 3.90

%Bias -4.61 1.82 13.21 -1.26



Small Molecule Quant Summary

Sciex TTOF 6600
– Capable of 

– Matching sensitivity of Sciex 5000/5500
– Matching linear dynamic ranges
– Scanning fast enough to give enough points across a sub 2 second peak
– Producing data to support non regulatory studies

– Provides additional data 
– Set up time reduced
– Validation data meets criteria set for fully validated methods.
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CESI-MS



Background

– In the bioanalytical arena quantitative LC-MS methods typically are bottom-up and detect 
enzymatically derived peptides (‘signature’ or ‘surrogate’ peptides)

– Enzymatic digestion coupled with LC-MS does have one main drawback – information is 
lost on digestion

– Quantification is carried out on single or a limited number of signature peptides and it is 
assumed that this correlates to circulating concentrations

– Can we eliminate or simplify digestion and allow a practical measure of the whole 
molecule

– Method developed using a monoclonal antibody (mAb) currently in development at GSK
– Captured onto a plate using a anti-idiotypic antibody
– Digestion with immunoglobulin-degrading enzymes (IdeS)
– Disulphide reduction
– Yielding 3 fragments of approx. 25 kDa
– Though not intact IdeS causes less disruption to the primary structure and is more 

representative of the intact molecule
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PA8000 plus
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Ultra-low flow rates 
of 10 to 100 nL/min 

TripleTOF® 5600+ and 6600 Systems 

High resolution, 
ultra-low flow rate 
CE separations 
coupled with 
high resolution, 
high sensitivity 
MS 

CESI - “The Integration of Capillary Electrophoresis (CE) with Electrospray Ionization (ESI) Into a 
Single Dynamic Process Within the Same Device” 



CESI Method

– Can CESI provide a robust separation technique for pseudo intact quantitative analysis of 
mAbs

– Can the use of electrokinetic injection give equivalent or better sensitivity as seen with LC-
MS

– Can this be achieved in reasonable run times, <25 minutes?

– Initial method
– Capillary Neutral OptiMS Cartridge
– Background electrolyte – 10% acetic acid in water
– Electrokinetic Injection 10kV for 99 seconds
– Separation 30kV at 10psi

Questions To Answer
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CESI Starting Method
Reconstructed chromatograms showing the 25kDa fragments
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Final Method

– Sample Make 75% Acetonitrile 20% water 5% acetic acid
– BGE 15% Acetic acid
– 1M ammonium acetate plug, 1 psi for 20 seconds
– plug 1% formic acid 1psi for 20 seconds
– Injection 10kV for 99 seconds
– Separation 30kV, at 1 psi for 8 minutes followed by 15 psi for 6 minutes
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Final method

– Removal of IdeS digestion
– Reduction only to light chain and heavy chain
– To facilitate the final sample composition for introduction to the CESI
– Addition of second mAb as internal standard (ISTD)

Change to sample prep
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Reproducibility

– Precision increases dramatically with the inclusion of internal standard

– %CV over 12 injections ≈ 7%, acceptable for biotherapeutic analysis, for quantitation on 
both single and multiple charge states

– This was done without the presence of mineral to reduce evaporation

NB Rep 1, poor electropherogram and excluded from calculations
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Single Charge State Sum Mulitple IS
Rep Peak Area Rep Peak Area Ratio Rep Peak Area Rep Peak Area Ratio Rep Peak Area

1 6.56E+05 1 2.21E+00 1 2.05E+06 1 6.89E+00 1 2.97E+05
2 1.67E+06 2 1.89E+00 2 5.27E+06 2 5.97E+00 2 8.83E+05
3 1.93E+06 3 1.88E+00 3 6.17E+06 3 5.99E+00 3 1.03E+06
4 2.52E+06 4 1.64E+00 4 8.17E+06 4 5.31E+00 4 1.54E+06
5 1.55E+06 5 1.81E+00 5 4.90E+06 5 5.73E+00 5 8.55E+05
6 1.61E+06 6 1.95E+00 6 5.18E+06 6 6.27E+00 6 8.27E+05
7 1.73E+06 7 2.14E+00 7 5.60E+06 7 6.92E+00 7 8.09E+05
8 3.74E+05 8 1.97E+00 8 1.14E+06 8 6.01E+00 8 1.90E+05
9 1.14E+06 9 1.94E+00 9 3.66E+06 9 6.21E+00 9 5.89E+05
10 1.10E+06 10 2.04E+00 10 3.51E+06 10 6.51E+00 10 5.39E+05
11 1.30E+06 11 1.81E+00 11 4.13E+06 11 5.76E+00 11 7.18E+05
12 1.90E+06 12 2.10E+00 12 6.15E+06 12 6.81E+00 12 9.04E+05

Mean
1529418.181

8 Mean 1.9239 Mean
4897090.909

1 Mean 6.1344 Mean
807200.000

0
SD 554388.423 SD 0.142 SD 1810057.317 SD 0.476 SD 333024.510

%CV 36.25 %CV 7.38 %CV 36.96 %CV 7.77 %CV 41.26



Calibration line

– Quantified on a single charge state
– Accurate down to 50ng/mL
– potential to go lower with reduction of carryover
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Calibration for LC Single Charge: y = -9.38485e-9 x̂ 2 + 2.32845e-4 x + 0.02489 (r = 0.99631)  (weighting: 1 / x)

Actual 
Concentration

Calculated 
Concentration Accuracy Area

10 N/A N/A N/A
25 2615.003 10460.01 1423.861
50 43.9945 87.989 4586.577

100 81.27742 81.27742 5277.058
250 264.6719 105.8688 10959.06
500 624.3652 124.873 16282.02

1000 1049.405 104.9405 34932.3
2500 2577.902 103.1161 61317.75
5000 4389.567 87.79134 121494.1

10000 11091.36 110.9136 192400.6



Calibration Line

– Signal to noise at 50ng/mL ≈ 20:1

19



1 2 3 4 5 6 7 8 9

Visible Row Index

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

10.0

10.5

R
e

te
n

tio
n

 T
im

e

LC Single Charge

Calibration Line
Stability of Migration time
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Actual Concentration Migration Time

10 N/A

25 10.90

50 10.85

100 10.96

250 10.80

500 10.91

1000 10.87

2500 10.91

5000 10.88

10000 10.81



Conclusions

– Neutral OptiMS cartridges are robust, with 500+ injections achieved on a single cartridge, 
and still going strong with no shifts in migration times or performance, 

– CESI-MS can match published LC-MS method for sensitivity achieving low ng/mL levels 
using electrokinetic injection

– Precision can be vastly improved to within acceptable limits with the use of an internal 
standard.

– Run times are comparable or improved over LC-MS runs to achieve quantitation
– CESI coupled with high resolution mass spec is a viable option for quantification of mAbs

and other biotherapeutics in bioanalytical  labs using an intact or pseudo intact approach
– To enable this assay to be used production the following still needs to addressed.

– Optimisation of dip steps to remove carryover from outside of capillary
– Optimisation immuno-capture method, that requires the minimum dilution of sample and allow final 

composition to correct for introduction to CESI-MS
– Implementation of 96 well format, to allow capacity for bioanalytical runs.
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Overall conclusions

– YES or it can be
– Capable of supporting routine quantitative small and large molecule work

– Will replace Triple Quads?
– No 
– Higher proportion of HRMS instruments
– Versatile 
– Sensitivity
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Is HRMS The Jack of All Trades for Bioanalysis?
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