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The obvious...

* What is a protein?
Clinical biomarkers
Bio-therapeutics

Troponin T, C, |
cardiac marker

Secondary Tertiary Quaternary

Meat authentication

Biomarkers_food health “ Food allergens

Pathogens and microbial contamination

Biomarkers_animal and plant health




Protein measurements

* Total protein « Amount of target protein
Kieldahl method Mg Antibody based assays
Ss
Dumas 7%, 9 (immunoassays)
&Z&
UV-spectroscopy 7, /8/2
Biuret method Mass spectrometry
Bradford Coomassie Blue followed proteolytic
Fluorecence Dye digestion

« Amount of target protein /

Amino acid analysis (activity) /U

o

an

» Analysis of higher order structure

Circular dichroism

Fourier transform infrared

H NMR N
Thermal stability measurements (DSC,
OtpimTM) n
° Raman L

Capillary electrophoresis
Mass Spectrometry (HDX-MS, IMS-MS
crosslinking-MS)............. ’




Standardising of protein measurements to
support legislation: challenges m

* 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
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Measurement standardisation 6 | é

space... time...
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Measurement standardisation through metrological traceability to the System of
International Units
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Metrological traceability

...... 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,
measurement uncertainty” VIM3, 27

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

Routine measurements and clinical
thresholds are often defined by
immunoassavs

Peroxidase

Streptavidin

Detection

Target Protein

Capture Antibady

Blocking Proteins —

I
‘ Patient result traceable to higher order reference cumpunents>

VAVAVAVVA

each contributing to the

Primary reference

material (pure substance)

Primary calibrator
(solution of above)

Secondary
reference material
(matrix based)

Working
calibrator
(master lot)

Product
calibrator

Patient sample
result

Sl unit
(e.g. gl)

Primary reference

measurement procedure

(e.g. gravimetry)

Secandary reference

measurement procedure

(e.g. IDMS)

Manufacturer's
selected procedure

Manufacturer's
standing procedure

Routine
procedure
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Where are we now.... m

Biological active protein

Secondary, tertiary and

No reference
procedures

No standards
No frameworks

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

for measurement quaternary structure

7 QG e .Co0r
uncertainty ot &
No quantitative 60‘%.( 2’
established methods Primary structure mrosca ) R Amnoadd(2) g

Time consuming methods 'i_‘¢ ";_’e

) High measurement
Peptldes uncertainty Peptide bond
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Successful example from clinical community m
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There are example....

32 amino acids

DE GRUYTER Clin Chem Lab Med 2017; 55(9): 13971406 20m|n I|fe tlme

Open Access Recombinant or synthetic BNP used to
Attila F, Torma, Kate Groves, Sabine Biesenbruch, Chris Mussell, Alan Reid, Steve Ellison, calibrate assays B
Rainer Cramer and Milena Quaglia* A v [
A candidate liquid chromatography mass

spectrometry reference method for the
quantification of the cardiac marker 1-32 B-type

zzzzzzz

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



Food allergens RMP m

1350 CRYAR ET AL.: JOURNAL OF AOAC INTERNATIONAL VoL. 96, No. 6, 2013

FOOD COMPOSITION AND ADDITIVES

Towards Absolute Quantification of Allergenic Proteins

in Food—Lysozyme in Wine as a Model System for \/
Metrologically Traceable Mass Spectrometric Methods and

Certified Reference Materials




Food allergens RMP

Measurand
Correlation target analyte to measurand
Extraction/recovery

Food processing effect on allergenicity



Progress.....

> J AOAC Int. 2018 Jan 1;101(1):152-161. doi: 10.5740/jaoacint.17-0214. Epub 2017 Dec 5.

Assessment of Recovery of Milk Protein Allergens
from Processed Food for Mass Spectrometry
Quantification

Kate Groves ', Adam Cryar 7, Michael Walker ', Milena Quaglia
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Sl traceable
quantified

Extraction as intact

as required for

immunoassay

o " @ measurements

Fre-s::ookla Pusl-sp:::ankcookie (10%) : Imp rovement
l J« observed with

enzyme assisted
extraction (50%)

Protein Extraction and Digestion:
[Sample heated 60°C , cocling to room
temperature, addition of 3ug of trypsin,
heating to 37 °C] x repeat four times

! !

Centrifugation, supematant removal, freeze
drying and resolubilization
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Chromatographic separation
Nano -RP HPLC
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Extraction protocol for Referee Cases ﬁ | ﬁ

Almonds in cumin and paprika? [ %

Cow milk in coconut sweets?



Progress.....

Paper in Forefront | Open Access | Published: 02 October 2020

A reference method for determining the total allergenic
protein content in a processed food: the case of milk in
cookies as proof of concept

Maria José Martinez-Esteso, Gavin O’'Connor, Jergen Nargaard, Andreas Breidbach, Marcel Brohée, Elena
Cubero-leon, Chiara Nitride, Piotr Robouch & Hendrik Emons

Analytical and Bioanalytical Chemistry 412, 8249-8267 (2020) ‘ Cite this article Traceability to S1 . "\\‘\‘ Tota' m||k protein mass fraction
1520 Accesses | 1 Citations | 4 Altmetric | Metrics i_ _____ Cookie J (mg protein / kg cookie]
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standards/calibrants (cf. fox) fraction (ug/g)
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quantify currently available CRM? 5 : molar mass
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Biological active protein mmmm)  bioassays

No reference
procedures

No standards Circular dichroism

No frameworks Seco?dary, te:tlar¥ and g Fourier transform infrared
gquaternary structure

for measurement i NMR

uncertainty B _

No quantitative Thermal stability measurements (DSC, OtpimTM)

established methods Primary structure Raman

Capillary electrophoresis
l! Mass Spectrometry (HDX-MS, IMS-MS crosslinking-

Peptides MS)............

Metrological li'

traceability to AA

the Kg or mole
)]

Simularion and molecular dynamic
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Protein Structure Plays a Critical Role in Peanut Allergen Stability and May Determine Immunodominant IgE-
Binding Epitopes —
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RESEARCH ARTICLE M !%IgcRgBIOLOGY

Pinheiro et al., Microbiology 2018;164:11-19
DOl 10.1099/mic.0.000592

3 MICROBIOLOGY

Fusion proteins towards fungi and bacteria in plant protection

Ana Margarida Pinheiro,' Alexandra Carreira,” Ricardo B. Ferreira' and Sara Monteiro'#*




NIST CRM

monoclonal

. antibody 8674
Materials ‘o>

/57
m: ; Protocols

to be used to: Define sensitivity to structural changes

Assess instrument performance

Benchmark new platforms




Higher order structure progress in the
metrological community

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

sac00 | ACSJCA | JCA11.2.5208/W Library-x64 | manuscript.3f (RS.1.i2:5007 | 2.1) 2021/01/11 08:51:00 | PROD-WS-118 | rq 3382475 6/18/2021 11:03:03 | 8 | JCA-DEFAULT
Lab | thGH:Zn | thGH:Zn | rhGH:Zn
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Analytical platform

2
HDX-MS * 3 : p
I  Reference Protocol to Assess Analytical Performance of Higher
wsms |1 . Order Structural Analysis Measurements: Results from an
(inc. CIA-IMS-MS) 5 globa i
s [ s Interlaboratory Comparison
SEC-UV 1 + K. Groves,™ A. E. Ashcroft, A. Cryar, A. Sula, B. A. Wallace, B. B. Stocks, C. Burns, D. Cooper-Shepherd,
Raman DRy ; 5 s E. De Lorenzi, E. Rodriguez, H. Zhang, J. R. Ault, J. Ferguson, ]. J. Phillips, K. Pacholarz, K. Thalassinos,
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Epitope mapping

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

50 H 149-161 * Her Ref
VKDYFPEPVTVSW ~ DV147/205-1
1566.784 Da

40

I C s
Exposure Time (minutes)
"4 244-255 * Her Ref
FLFPPKPKDTLM ~ DV147/205-1
| 1433.786 Da
i
Aan
| //
AR gy o T

Exposure Time (minutes) I

Luckau L. et al. paper draft

A4| Analysis for
Innovators
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| Abstract ;| m
Molecular dynamics vs HDX vs thermal m

stability vs activity measurements
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Peptide residue range
S
A) Arginine, B) Mannitol, C) Phenylalanine, D) Sorbitol,
E) Sucrose, F) Trehalose Wood et al. Mol Pharm, 2020, 17,12, 4637

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?




Summary

Standardisation of proteins in possible

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

Progress in protein measurements will
potentially lead to new markers

...there is not just MS and ELISA....
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