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The obvious…

• What is a protein?

Bio-therapeutics

Clinical biomarkers
Troponin T, C, I  
cardiac marker

MAB, immunotherapy

Food Food allergens

Meat authentication

Biomarkers_food health

Pathogens and microbial contamination

Biomarkers_animal and plant health



Protein measurements

• Total protein • Analysis of higher order structure• Amount of target protein

Kieldahl method

Dumas

UV-spectroscopy

Biuret method

Bradford Coomassie Blue

Fluorecence Dye 

Amino acid analysis

Antibody based assays 

(immunoassays)

Mass spectrometry 

followed proteolytic 

digestion

Circular dichroism

Fourier transform infrared

NMR

Thermal stability measurements (DSC, 

OtpimTM)

Raman

Capillary electrophoresis

Mass Spectrometry (HDX-MS, IMS-MS 

crosslinking-MS)…………

• Amount of target protein 
(activity)



Standardising of protein measurements to 
support legislation: challenges

• Why is important?

• How can be achieved?

• Where we are now and what can be achieved?

• What next: our program to expand protein 
measurement standardisation and describe a protein 
as a dynamic entity



Measurement standardisation

space… time…

……2000 2005 2010 …. 2021….2030….

Measurement standardisation through metrological traceability to the System of 
International Units



Measurement standardisation: the SI Units



Primary reference material for proteins? 
Source, properties, stability, purity…..

JCTLM

Routine measurements and clinical 
thresholds are often defined by 
immunoassays

Proteins are 
not just 
chemical 
entities

……is defined as the ‘property of a measurement result whereby
the result can be related to a reference through a documented
unbroken chain of calibrations, each contributing to the
measurement uncertainty” VIM3, 27

Metrological traceability 



Where are we now….
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Biological active protein

Secondary, tertiary and 
quaternary structure

Primary structure

Peptides

AA
Metrological 

traceability to 
the Kg or mole 

(SI)
Metrology for ProteinsMetrology for Proteins

“What is the measurand?”
“Is one target analyte

enough?”

Time consuming methods
High measurement 
uncertainty

No reference 
procedures
No standards
No frameworks 
for measurement 
uncertainty
No quantitative 
established methods



Successful example from clinical community

Clear measurand
Standardisation carried out alongside 
establishment of thresholds



There are example….

BNP(1-32) SPKMVQGSGCFGRKMDRISSSSGLGCKVLRRH

BNP(3-32) KMVQGSGCFGRKMDRISSSSGLGCKVLRRH
BNP(4-32) MVQGSGCFGRKMDRISSSSGLGCKVLRRH
BNP(5-32) VQGSGCFGRKMDRISSSSGLGCKVLRRH
BNP(5-31) VQGSGCFGRKMDRISSSSGLGCKVLRR
BNP(5-27) VQGSGCFGRKMDRISSSSGLGCK
BNP(5-26) VQGSGCFGRKMDRISSSSGLGC

32 amino acids
20min life time
Recombinant or synthetic BNP used to 
calibrate assays

What is the measurand?
Is the target analyte appropriate?

DPP 
IV

NEP

NEP

IDE

32 amino acids
20min life time
Recombinant or synthetic BNP used to 
calibrate assays



Food allergens RMP



Food allergens RMP

Measurand

Correlation target analyte to measurand

Extraction/recovery

Food processing effect on allergenicity



Progress….. SI traceable 
quantified

Extraction as intact 
as required for 
immunoassay 
measurements 
(10%). Improvement 
observed with 
enzyme assisted 
extraction (50%)



Extraction protocol for Referee Cases

Almonds in cumin and paprika?

Cow milk in coconut sweets?



Progress…..

Can we apply those concepts and SI traceably 
quantify currently available CRM?





Biological active protein

Secondary, tertiary and 
quaternary structure

Primary structure

Peptides

AA
Metrological 

traceability to 
the Kg or mole 

(SI)
Metrology for ProteinsMetrology for Proteins

No reference 
procedures
No standards
No frameworks 
for measurement 
uncertainty
No quantitative 
established methods

Circular dichroism

Fourier transform infrared

NMR

Thermal stability measurements (DSC, OtpimTM)

Raman

Capillary electrophoresis

Mass Spectrometry (HDX-MS, IMS-MS crosslinking-

MS)…………

Simularion and molecular dynamic

bioassays
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Need

Materials

Methods

Protocols

to be used to: Define sensitivity to structural changes

Assess instrument performance

Benchmark new platforms

NIST CRM 
monoclonal 
antibody 8674
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Higher order structure progress in the 
metrological community

Development of a reference protocol to stress a WHO standard and interlaboratory
comparison (NML)



Epitope mapping
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• Use our MS capability to better characterise binding assay, including 
the effects on immobilisation of the antibody on the epitope and 
epitope mapping

Luckau L. et al. paper draft



Molecular dynamics vs HDX vs thermal 
stability vs activity measurements
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Can we use molecular dynamics to predict effects of processing on protein HOS 
and can we use HDX to better understand how those effect influence antibody 
binding?

A) Arginine, B) Mannitol, C) Phenylalanine, D) Sorbitol, 
E) Sucrose, F) Trehalose Wood et al. Mol Pharm, 2020, 17,12, 4637

Abstract
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Summary

Standardisation of proteins in possible

Progress in protein measurements will 
potentially lead to new markers

….there is not just MS and ELISA….

Understanding what we are measuring 
(target analyte) and what we intend to 
measure (measurand) is very important
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