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FUNCTIONAL BIOPOLYMER CHEMISTRY

Key research questions:

* How do different factors influence
structure-functionality-bioactivity
relationships between and within
biopolymers as well as between
biopolymers and the human
gastrointestinal and immune systems?

"

* Why does the prevalence of celiac {g/

disease, non-celiac gluten sensitivity
(NCGS) and allergies increase within the
population?

Mechanisms
of (wheat)
allergies and
sensitivities

Cereal
proteomics

Rheology
Baking

CD-damaged small healthy
intestinal mucosa
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DOES WHEAT MAKE US... SICK, FAT, STUPID and ADDICTED?
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* Wheat consumption is associated with a variety of health risks

* Consumers are unsure what to believe
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GLUTEN-FREE MARKET

Gluten-free product retail sales worldwide

million USD
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Reasons why consumers reduce gluten

intake (u, 2015)

Generally healthier / better for you ]

Makes me feel less tired

Tried cutting down and seen benefits
To help lose weight

Someone | know had a good experience
Unnecessary ingredient

Recommendations from a health...

Recommendations from friends / family
It helps my mood

Thought | may be intolerant

Better for environment / ethical

* 11% of consumers look to reducing gluten intake (ux, 2015)

L

L

19%]

5 10 15 20 25 30 35

* Among consumers reducing gluten intake, 66% have no sensitivity to gluten whereas

30% (think they) are (uk, 2015)

Statista.com, Jan. 22, 2019
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WHEAT/GLUTEN SENSITIVITIES

Pathomechanism

Gluten-related immune Allergies Allergies Innate immune
disorders (I1gA/1gG) (IgE) (no-IgE) response

Gluten Dermatitis Non-celiac
ataxia herpetiformis gluten/wheat
sensitivity (NCGS)

Respira- Food Skin
tory allergy allergy allergy

Modified from Sapone et al., 2012; EG: eosinophilic gastroenteritis, EoE: eosinophilic esophagitis, WDEIA: Wheat-dependent exercise-
induced anaphylaxis

Celiac
disease
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CELIAC DISEASE

Chronic inflammation of the small intestine caused by lifelong intolerance
to dietary gluten from wheat, rye and barley

Prevalence: =1 % of the population
Causes:

* Genetics: HLA-DQ2 or HLA-DQ8 positive

¢ Gluten from wheat, rye and barley, maybe oats

e Further factors: A BRIV
CD-damaged small
* Infections (rotavirus, adenovirus 12) intestinal mucosa
¢ Changes of gut microbiota
* Hygiene hypothesis 7
Therapy: lifelong, strict gluten-free diet /ft,
/: 4
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CAUSES: GLUTEN

* Storage proteins of wheat, rye and barley
e Content: 5-10 g/100 g flour
*  Wheat gluten: responsible for good baking quality
¢ Two components:
Prolamins (gliadins): monomeric proteins
Glutelins (glutenins): polymeric proteins
* Cause for CD

* Rich in proline and glutamine
— resistant to human gastrointestinal enzymes

* Long peptides reach the small intestinal mucosa
— activation of the human immune system

© Leibniz-LSB@TUM
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CAUSES: GLUTEN

Albumins Globulins Prolamins Glutelins

water- salt-soluble alcohol- alcohol-
soluble soluble insoluble
metabolic proteins storage proteins (gluten)
RP-HPLC rye barley
AU,
800
prolamins .
[<Tied
10 20 30
Time [min]
glutelins
IDn 30
Time [min]

© Leibniz-LSB@TUM
www.leibniz-Isb.de

RS TUTI

18.06.2019



y t:,\ LeibnizInstitute
pa—= for Food Systems Biology
== at the Technical University of Munich

CHALLENGES OF GLUTEN ANALYSIS

*  Gluten: complex mixture of * Selection of relevant
100+ proteins target epitopes and
antibodies

* Variability (due to genetics
and environment) * Protein polymorphism

* Protein modifications *  Sample preparation

during processing * Trace analysis in

= complex food matrices

Patients react
individually

* to different proteins
and epitopes

* with variable
sensitivities
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FUNCTIONAL BIOPOLYMER CHEMISTRY

Recent research

Targeted LC-MS/MS methods to quantitate

mﬁﬁj * the 33-mer peptide

* gluten using isolated gluten protein types as

. = reference materials
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FUNCTIONAL BIOPOLYMER CHEMISTRY

Recent research

Targeted LC-MS/MS methods to quantitate

_,__,_xr"r::r‘j * the 33-mer peptide

* gluten using isolated gluten protein types as

. = reference materials

© Leibniz-LSB@TUM
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TARGETED LC-MS/MS METHOD

LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF  T-cellepitopes:
— A——— i DQ2.5-glia-ala

T [ L] DQ2.5-glia-alb
lﬁ_l

DQ2.5-glia-a2 +?

* 3 T-cell epitopes, 6 overlapping copies in total
* Initiation of a strong immune response (“immunodominant” CD-active peptide)?
e 768 results for a literature search (science Direct, “33 mer”, June 05, 2019)

* 26 results for the year 2019 so far

— Frequently used in clinical and analytical model studies

1Arentz-Hansen, Kérner et al., 2000 2Sollid et al., 2012 3Shan et al., 2002 *Mordén et al., 2008
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THE 33-MER AS A MODEL SYSTEM

A Pepsin [1,2) LYQLOPEPQPQLPYPQPQLPYPOPOLEYPGPOPF x
B Trypsin (1] LOLOPFPOPOLPYPOPOLPYPOPOLPYPQPOPF x
€ Chymaotrypsin (h) [1] LOLOPEPQPOLPYPOPQLPYPOPALBYPQPOPE x
D Chymotrypsin {I) [1] LYol QpEPOPOLEYPOPOLRYPOPOLPYPOPOPE x
E  Barley malt extract [3] La‘Lapt FrapPaLPYPOPOLP YPOPOLP YPOPOPF v
FEP-B2[4] wa*iarrrapa ‘Lryrara 'LPrPapa fLeYPaPOPE v
G Triticain-a [5] LaitaterraratirtyeapratietyearatLetYrara' e v
H  Dipepti idase IV [6]  LQLOPFPQPOLPYPQPQLPYPQPQLPYPOPQPF x
| Aspergillopepsin [6]* LOLOPFPQPOLPYPAPOLPYPOPALPYPQPAPF x
| AN-PEP[7] Latap' FplapaLe veapale 'y lapale v 'apap ' v
K SC-PEP (8] LalapFrapraLP i vPfapaLe e fapalrt ve ‘apapF v
L MX-PEP (8] LawapFrap 'alP yraraLe  YRQPALP YPOPOPE v
M FM-PEP [7,8] Lataptrrapatpyetapaletye fapale e fapap ' v
M Rothia muciloginosa [9] Lataprplara’Lry frara’Lry rapalLry ratrat P v
0O Pseudolysin [10] LawarrraraLryraratLeyrara  LPYPQPQPF v
P LABPepN + PepX + PepD [11] LO'L'ap'FPtara’iriyriaralietyeiara’trivriopriarr v
Q  Rhizopertha dominica [12]  LaLaprpapaleve'araletyeiaraletveapr arr v
R Kuma030[13] LaLaPFPaPQLPYPOPOYLPYPOPQ  LPYPOPORF v
Scherfet al., 2018
© Leibniz-LSB@TUM Zﬁ'? 1
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SEQUENCE ALIGNMENT OF a-GLIADINS
1 11 21 31 41 51
al Q9M4M3 VRVPVPQLQP QNPSQQQPQE QVPLMQQQQQ FPGQQEQFPP QQPYPHQQPF PSQQPYPQPQ
a2 Q9M4L6 VRVPVPQLQP QNPSQQQPQE QVPLVQQ-QQ FPGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
a3 Q9M4Me VRVPVPQLQP QNPSQQQPQE QVPLVQQ-QQ FLGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
a4 Q9M4M2 VRVPVPQLQP QNPSQQQPQE QVPLVQQ-QQ FLGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
a5 Q9M4M1 VRVPVPQLQP QNPSQQQPQE QVPLVQQ-QQ FLGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
a6 Q9M4M6 VRVPVPQLQP QNPSQQQPQE QVPLMQQQQQ FPGQQERFPP QQPYPHQQPF PSQQPYPQPQ
a7 Q9M4M4 VRVPVPQLQL QNPSQQQPQE QVPLVQE-QQ FPGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
a8 Q9M4L9 VRVPMPQLQP QDPSQQQPQE QVPLVQQ-QQ FLGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
a9  Q9M4M5 VRVTVPQLQP QNPSQQQPQE QVPLVQQ-QQ FLGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
al@ Q9M4L8 VRVPVPQLQP QNPSQQHPQE QVPLVQQ-QQ FLGQQQSFPP QQPYPQPQPF PSQQPYLQLQ
all Q9M4L7 VRVPVPQLQP QNPSQQQPQE QVPLVQQ-QQ FLGQQQPFPP QQPYPQPQPF PSQLPYLQLQ
61 71 81 91 101 111 ...265-290
PFP-PQ---- -=-------- LPYPQTQPFP PQQPYPQPQP QYPQPQQPIS QQQAQQ----
PFPQPQLPYP QPQLPYPQPQ LPYPQPQPFR PQQPYPQSQP QYSQPQQPIS QQQQQQQQQQ
LSYSQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQQQ
LSYSQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQQQ
LSYSQPQPFR PQQLYPQPQP QYSQPQQPIS QQQQQQQQQQ
LPYPQTQPFP PQQPYPQPQP QYPQPQQPIS QQQAQQ----
LPYPQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQ--
LPYSQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQQQ
LPYSQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQQQ
LPYLQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQQQ
LPYSQPQPFR PQQPYPQPQP QYSQPQQPIS QQQQQQQQQ-

Scherf et al.,, 2018
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RATIONALE &

BLAST search in UniProtKB database

* 17 protein sequences from Triticum aestivum and 3 from T. spelta contain the
33-mer peptide (out of 587 a-gliadin entries for Triticum sp.)

* Only 1 protein sequence with evidence at protein level (P18573) from the
Norwegian wheat cultivar Mjglner

Quantitative data on contents of 33-mer peptide in different wheat cultivars is
unavailable

— Development of a stable isotope dilution assay (SIDA) combined with LC-MS/MS
to quantitate the 33-mer peptide in wheat flours

© Leibniz-LSB@TUM _zf&‘
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* 23 modern Triticum aestivum (common wheat) cultivars from around the world

COLLECTION OF

* 15 old T. gestivum cultivars from Germany
(year of first registration: 1890 - 1950)

(durum wheat), T. turgidum dicoccum (emmer) and

e 2 cultivars each of T. spelta (spelt), T. turgidum durum ‘
T. monococcum (einkorn) from Germany ’

e 57 flour samples in total (different harvest years)

© Leibniz-LSB@TUM Zf? :
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FLOUR CHARACTERIZATION & SAMPLE PREPARATION

Protein
content

RP-HPLC

RP-HPLC

RP-HPLC

Algyg

-— Flour

!

<«—  Albumins/Globulins

}

- Gliadins ey Evaporation to dryness

|
* Addition of *33-mer
|

a-gliadins Chymotryftlc digest

LC-MS/MS

Time [mln]
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LC-MS/MS METHOD

LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF (33-mer, Analyt)
LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF (*33-mer, Standard)

33-mer 979.0 (4+)
1305.2 (3+)
*33-mer 987.0 (4+)
1316.0 (3+)

Response factor: 0.999

F: 13C4>N-phenylalanine,
P: 3C,N-proline

263.3 (y2)
488.9 (y4)
713.5 (y6)
973.5 (y8)
279.0 (y2)
510.3 (y4)
735.2 (y6)

996.0 (y8)
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mg/kg flour

33-MER CONTENTS IN FLOURS

600 -

500 -

400 -

300 -

200 -
TELEESSETr 338 ECCIEE352RFBE 08 EERER0ITSARNRIIISUES
Il Modern wheat cultivars [ Old wheat cultivars H Spelt cultivars

Schalk et al., 2017b
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33-MER CONTENTS IN FLOURS

Average content of 33-mer (n = 51):

* 368+ 109 mg/kg flour range: 91 -603 mg/kg flour

* 11.7 + 3.1 mg/g a-Gliadin range: 4.1-23.2 mg/g a-gliadin
Harvest year has a greater influence on 33-mer contents than cultivar

Correlations:

=
T 3
3 =
2 % e’
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3
e 61 =~ 3
= £
e}
,% 44 B 2
2 2 Q 1
o <]
0 . : 0 :
0 100 200 300 400 500 600 0 100 200 300 400 500 600
33-mer [mg/kg in flour] 33-mer [mg/kg in flour]
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PRINCIPAL COMPONENT ANALYSIS

4 xfy3.0/87
=

amMo

-

33-mer

— No obvious cluster
formation between
modern and old wheat
cultivars

— No correlations between

3 °
[ ]
L contents of 33-mer and
Lt L] L] ® Yla T
ol . . . those of a-gliadins,
<0 4 —x 0S€
g ‘RFaST[}aPE% A : gliadins, gluten or crude
£ a-gliadin protein
3 -1 o4 gluten
A ABD ®
2 crude
A Old wheat cultivars prote.m
® Modern wheat cultivars gliadin

*  Spelt cultivars
-6 -4

Schalk et al., 2017b

2

Component 1 (81.6 %)
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CONCLUSIONS - 33-MER PEPTIDE

* All 23 modern and 15 old wheat and 2 spelt cultivars contained the 33-mer

91 - 603 pg/g flour and "_,r"‘"

Contents of 33-mer (n = 51) ranged from J,r|§
]
4.1 -23.2 mg/g a-gliadin
No or weak correlation between contents of 33-mer and gliadins or a-gliadins
Harvest year had a greater influence on 33-mer contents than cultivar

Contents of 33-mer were not suitable to differentiate old from modern
wheat cultivars

Durum wheat, emmer and einkorn did not contain the 33-mer (< LOD)

— First study to report accurate quantitative values for 33-mer contents
in a set of 57 wheat flours

© Leibniz-LSB@TUM
www.leibniz-Isb.de

18.06.2019

11



18.06.2019

FUNCTIONAL BIOPOLYMER CHEMISTRY

Recent research

Targeted LC-MS/MS methods to quantitate

m{,:":,.t'f * the 33-mer peptide

* gluten using isolated gluten protein types as

. = reference materials

© Leibniz-LSB@TUM
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GLUTENFREE PRODUCTS: LEGISLATION

International: Codex Alimentarius .@. ’

Codex Standard 118-1979 (2015)
Threshold for gluten in gluten-free products: 20 mg/kg of the product
e Gluten analysis: immunologic or other method

* Antibody should react with protein fractions that are toxic to persons
intolerant to gluten

* Validated methods calibrated against a certified reference material
* Limit of detection: < 10 mg gluten/kg
* Method for gluten determination: ELISA R5 Mendez Method

Codex Standard 1-1985 (2010)

Mandatory declaration of gluten-containing cereals on product labels (allergen labeling)

© Leibniz-LSB@TUM Zf? :
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REFERENCE MATERIAL FOR GLUTEN

* No certified reference material available

* No reference material for glutelins, gluten or flour

* PWG-gliadin (isolated from a mixture of 28 European wheat cultivars)

UVs100m

400

300

200

100

( 5 10 15 20 25

Time [min] I

-100

Van Eckert et al., 2006; Scherf & Poms, 2016

Absorbance [450 nm]

o 2 4 & 8
Gliadin concentration [ng/mi]
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PWG-GLIADIN

©  Purified, homogeneous and completely soluble (60% ethanol)

©  Extensively characterized

©  Stability is monitored regularly

©  Representative for European wheat cultivars

©  Used to calibrate ELISA test kits and other analytical methods
®  Contains only gliadins

®  Gluten content is calculated from the gliadin content

®  Limited supply

®  Reproducible production of a new batch is problematic

— Initiative to prepare new reference materials for gluten

Van Eckert et al., 2006; Scherf & Poms, 2016
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REFERENCE MATERIALS FOR GLUTEN ANALYSIS

——— uSgladins  °C%
et ——— wi,2gliadins | * Calibration of gluten

analytical methods, e.g.,
LC-MS/MS

Albumins/
Globulins

* |dentification of novel
target sequences for
gluten detection by ELISA

[ERsaEnall ©  Characterization of ELISA
_-—|:_ antibody reactivities
* Studies on pathogenic
Reduction mechanisms in CD, NCGS

and WDEIA
[T 7]

Schalk et al., 2017a

Reduction

f

&.
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REFERENCE MATERIALS FOR GLUTEN ANALYSIS

Gliadins

Absorbance at 210 nm [mv]

80 70
Time

Absorbance at 210 nm [mv]

15 10 15 20 15 20

Schalk et al., 2017a
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REFERENCE MATERIALS FOR GLUTEN ANALYSIS
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Schalk et al., 2017a
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PROTEOMICS WORKFLOW
I A |
Sample containing intact
proteins / peptides
i 3 §
peptides et ﬂw?; L Suang
. o R AT iy
‘ Reduction, alkylation & | Untargeted high resolution
enzymatic digestion MS/MS analysis ;i u u u g
'} ot

Purification (solid phase Peptide identification &
extraction/filtration) protein database search

|

Targeted high resolution
MS/MS analysis

|

Bioinformatic algorithms &

(nano)LC separation of
manual data curation

peptides

|

Calibration & method
validation

Identification of specific
marker peptides

CQuantitation of specific
marker peptides

Schalk et al., 2017a

:Islg

al Q2 Qa3
| - o=
oy - m—
ESI Parent ion

Product ion Product ion

selection creation selection
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STRATEGY FOR TARGETED LC-MS/MS

Peptide identification

\/
In gluten protein types
\/
In gluten protein fractions
L/
In flours
L /

Application of peptide
selection criteria:
* Unique to gluten protein

N [13C]- and [*5N]-labelled
internal standards

¥
Choice of 2 precursor to
product ion transitions
(SRM mode)

¥
Optimization of LC-
MS/MS parameters

¥
Determination of

type

* Peptide length: 8 - 20
amino acids

e Without cysteine

Schalk et al., 2018a,b

response factors

2
Peptide contents in
gluten protein types

-l Peptide contents in flours

Conversion of peptide
into gluten protein type
contents

Comparison of LC-MS/MS
and HPLC

Peptide-specific
correction factor

Gluten content = sum of
the contents of all gluten
protein types

© Leibniz-LSB@TUM
www.leibniz-Isb.de
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SELECTED GLUTEN

Amino acid sequence ler:;ein

P1  QQQPLPPQQTFPQQPL LMW-GS

P2 GQQPQQQQAL LMW-GS

P3  VQQQIPVVQPSIL LMW-GS

P4 SILQEQQQGF LMW-GS

P5 LQPGQGQQGY HMW-GS

P6 TASLQQPGQGQQGHYPASL  HMW-GS

P7  HVSVEHQAASL HMW-GS

P8 ASIVAGIGGQ y-Gliadins

P9 NlQvDPSGQvQW y-Gliadins
P10 LQPQQPQQSFPQQQQPL y-Gliadins
P11 LQLQPFPQPQLPYPQPQPF a-Gliadins
P12 FQPSQQNPQAQGF a-Gliadins
P13 RPQQPYPQPQPQY a-Gliadins
P14 QQYPQQQPSGSDVISISGL w5-Gliadins
P15 GSSLTSIGGQ w1,2-Gliadins
P16 FPHQSQQPF w1,2-Gliadins

Schalk et al., 2018a,b

Peptide Peptide
:r:;‘if)?ln- Amino acid sequence Protein type :r:;'i‘;:‘n_
[ug/mg]* [ug/mg]*
10.8+0.2 P17  AIDTRVGV y/B-Hordeins 39.0£25
11.9£0.3 P18  QQPQPQQGQQQQVPQSVF  y/B-Hordeins 35.2+£0.3
49x0.0 P19 AQQQPSIEEQHQL y/B-Hordeins 32+0.1
89+£04 P20 GGGLTTEQPQGGKQPF D-Hordeins 59+05
5304 P21 TQQKPGQGYNPGGTSPL D-Hordeins 488+ 1.7
3.3+0.1 P22 IIPQQPQQPFPLQPHQPY C-Hordeins 328+0.0
75+03 P23  RQLNPSSQEL C-Hordeins 26.3+0.3
18.7+£2.0 P24 VQQQPPFVQQEQPF Avenins 13.2+0.8
16.8+2.2 P25 DPSEQYQPYPEQQEPF Avenins 64104
20£0.2 P26 LQPQLQQQL Avenins 134+1.4
59+0.0 P27 ASIETGIVGH y-75k-Secalins 34+0.1
39+£0.1 P28  SQLEVVRSL Y-75k-Secalins 1.0+0.0
9.5+0.2 P29 QQFPQQPQQPFPQQPL Y-75k-Secalins 0.9+0.0
11.3+0.1 P30 RQLNPSEQEL w-Secalins 0.5x0.0
54105 P31  AQQPEQLISQQPFPL w-Secalins 21+£0.0
0.8+0.0 P32 LTSPQQPGQGQQGY HMW-Secalins 06+0.1
P33 STSPRQPGQGQQEY HMW-Secalins 9320

© Leibniz-LSB@TUM
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TARGETED LC-MS/MS METHOD TO QUANTITATE GLUTEN
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Tievee [mini]
Peptide  [*3C]- and [*>N]-labeled peptides Grain type
33-mer  LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF Wheat
ISTD11 LQLQPFPQPQLPYPQPQPF Wheat
ISTD19  AQQQPSIEEQHQL Barley
ISTD24 VQQQPPFVQQEQPF Oats
ISTD27  ASIETGIVGH Rye

Schalk et al., 2018a,b

33 marker peptides

of which

16 for

7 forrye

7 for barley

3 foroats

of which

4 CD-active
peptides
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TARGETED LC-MS/MS METHOD TO QUANTITATE GLUTEN

Peptide / Peptide / Gluten protein Gluten protein Recovery of

type / wheat LC-MS/MS
flour [%] compared to

Proinope S whetion o uhes
(LC-MS) (LC-MS) (LC-MS)

P1 LMW-GS 10.8+0.2 29.4+0.2 0.24 +£0.03
P2 LMW-GS 11.9+0.3 241+04 0.19£0.01
P3 LMW-GS 49+0.0 21.3+0.7 0.41+0.02
P4 LMW-GS 89+04 2246+ 16.7 2.37+0.18
P5 HMW-GS 53+04 90.6+1.2 1.62 +0.08
P6 HMW-GS 3.3+0.1 <LOD <LOD
P7 HMW-GS 75+0.3 86.3+7.9 1.08 + 0.04
P8 y-Gliadins 18.7+2.0 639.4 + 26.11 3.19+0.09
P9 y-Gliadins 16.8+2.2 477.3+33.6 2.66 +0.39
P10 y-Gliadins 20+0.2 16.1+£1.7 0.76 + 0.08
P11 a-Gliadins 5.9+0.0 137.2+13.7 219+0.22
P12 a-Gliadins 3.9+0.1 18.5+0.7 0.45 +0.03
P13 a-Gliadins 9.5+0.2 8.7+0.2 0.09 +0.01
P14 w5-Gliadins 11.3+0.1 25624 0.20 £ 0.02
P15 w1,2-Gliadins 54+05 86.2+29 1.50£0.12
P16 w1,2-Gliadins 0.8+0.0 <LOD <LOD

Schalk et al., 2018a,b

(RP-HPLC) RP-HPLC [%]
1.99£0.02 12.0
9.6

20.5

119.2

0.83 + 0.02 195.2

129.5

1.85+0.15 172.3
143.9

411

2.91+0.30 75.3
153

3.0

0.51£0.02 39.9

n=3, meant
0.67 £ 0.09 2241

standard
- deviation
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TARGETED LC-MS/MS METHOD TO QUANTITATE GLUTEN

Peptide /  Gluten protein

Protein type wheat starch type / wheat Gluten content in wheat starch [ug/g]
[nglgl starch [ug/g]

LC-MS LC-MS LC-MS GP-HPLC-FLD R5 ELISA

Wheat starch 6 11754 103.6 8 82.5¢

P4 LMW-GS 09+0.1 92.2+20.1 -_T

P8 y-gliadins 0.9+0.1 253+9.7
Wheat starch 15 : 2665.7 A 6543.38 7022.08

P4 LMW-GS 85+0.6 755.7 £ 56.6

P7 HMW-GS 77+£11 743.7+£107.8

P8 y-gliadins 19.0+2.5 554.2+71.8

P11 a-gliadins 23+0.2 479.4 +40.2

P15 w1,2-gliadins 0.7+0.1 132.7+10.8 J

Different superscript letters denote significant differences (ANOVA, Tukey's test, p < 0.05) between
results of different methods within one sample, n = 3, mean + standard deviation, GP-HPLC-FLD, gel
permeation high performance liquid chromatography with fluorescence detection, Scherf et al., 2016, R5
ELISA, Ridascreen Gliadin, R-Biopharm, Darmstadt, Germany

Schalk et al., 2018a,b
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TARGETED LC-MS/MS METHOD TO QUANTITATE GLUTEN

Wheat starches
Wi W2 W3 W4 W5 W6

120 2 1604 B a2, 0] b
- b a0 400
- ¢ 10 . Gluten
2 80 300 5000
=S 100
E 4000 LC-MS/MS: sum of all gluten
60 20
3 N Bl 3000 {a protein types
o
a0 2000 )
2 o 0 o GP-HPLC-FLD: sum of prolamins
" o " 5 and glutelins
Falat 4 Pal=t 4 Pal=1-4 QLo QLo Pal=T"4
Zz2 209 2eh =gd baob 222 . .
ggg :55; 292 555 555 2ga R5 ELISA: prolamin content x 2
\jI EI SI \jI \jI BI
5 5 5 5 5 5
B 12 ¢liadins MM aogliading I y-gliading O HMW-GS [ LMW-GS Calculations from peptide to

protein contents based on

defined amounts of gluten
GP-HPLC-FLD, gel permeation high-performance liquid chromatography, different letters g

rotein types as reference
designate significant differences between the methods (ANOVA, p < 0.05) pmaterial:p
Schalk et al., 2018a,b
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TARGETED LC-MS/MS METHOD TO QUANTITATE GLUTEN

Rye samples Beer samples

300

20 400

200
¥ 1504 B 300
S~ <
N 111 :
g = T
3 =3
5 40 & 100

30

20 0

104 ~r\°é' ozé v“é v“é

& S D
0- & & &
L oo MmO W WS 0o oM LN\
C O O MM m M M M & wow &
geegezeegeaeszzs
x x W LC-MS/MS MRS ELISA
I .c-vis/vs I RP-HPLC I RSc ELISA Calculations from peptide to
protein contents based on

RP-HPLC, reversed-phase high-performance liquid chromatography, different letters designate defined amounts of gluten

significant differences between the methods (ANOVA, p < 0.05), OF, oat flour, RSB, rye semolina
bran, rye wholemeal flour

Schalk et al., 2018a,b

protein types as reference
materials
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LC-MS/MS TO QUANTITATE GLUTEN — CON'S

* Choice of enzyme for gluten digestion influences the results
* Potential loss of gluten peptides during clean-up
* Choice of LC-MS setup influences the results
* Acquisition mode, untargeted vs. targeted analysis
* Data evaluation (bioinformatics, lack of curated plant protein databases)
* Targeted LC-MS analysis only looks at pre-selected peptides
* Only CD-immunogenic peptides?
* No detection in case of amino acid substitution/deletion/insertion
* Conversion of peptide contents back to gluten content
* Expensive and specialized instrumentation

* High-level of expertise required
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LC-MS/MS TO QUANTITATE GLUTEN —

Differentiation between wheat, rye, barley and oats
Identification of peptide (protein) sequences in the sample

Applicable to samples from which gluten was partially removed by processing,
e.g. beer or sourdough samples

Highly sensitive detection of gluten peptides with limits of
quantitation down to 0.03 mg peptide/kg

Accurate targeted quantitation of specific peptides using stable isotope labeled
peptide standards

Versatility: possibility of using different LC-MS setups

Untargeted analyses generate a huge amount of data in a comparatively short
time that can be evaluated in different ways

Possibility of detecting gluten and allergens in one run (multi-methods)

© Leibniz-LSB@TUM Z o
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CONCLUSIONS —

First LC-MS method to use well-defined reference proteins to detect all gluten
protein types

Targeted LC-MS:
* Every peptide needs its own labeled standard for accurate results
* So far, no comprehensive method for all known CD epitopes

Further advances in LC-MS instrumentation: high throughput analyses
generating a huge amount of data

Better curation of plant protein databases is needed

Conversion of peptide contents to gluten remains challenging

— LC-MS/MS: complementary to ELISA, especially for samples where ELISA is

known to experience difficulties
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