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e Proteomics — gelatine species origin

 Metabolomics — manuka honey, meat maturation

* IRMS methods — geographic origin
— natural or synthetic
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Proteomics from food fraud and archaeology
studies to determine the species origin of gelatine
In foods

Issue of food labelling



Food Proteomics: See2ZZZ
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* Introduction to gelatine and collagen
e Background / theory

 Collaboration with archaeologists

« MS method

*Applications
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What is gelatine? oy 4
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e By-product from the meat / fish industry
e Skin and bones



What Is gelatine used Iin? 22227
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Gelatine Q.
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Protein
Used extensively in the food industry

Lacks essential amino acids



Gelatine production Sae2ZZ”
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* Pig + cow (+ poultry + fish) skin and bones

«Alkali pre-treatment of bone for weeks to break
collagen cross links in industry

Acidification and high temperature
extraction of skin and pre-treated bone

*Essentially destroys DNA sequence
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Type can determine tissue of origin

Fibrous collagens are comprised of two identical alphal (I) chains and
one genetically different alpha 2 (1)

Large number of repeating amino acid triplets , G-z-x,
where z or x is frequently Proline which can be hydroxylated.

Hydroxyproline determination

Bovine collagen chain: 138,938 Da protein (1463 amino acids)
156 TRYPTIC PEPTIDES



Bovine alpha 1 (1) Collagen tryptic ‘fera_, -/
peptides (Uniprot) 22222
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SEQUENCE MASS SEQUENCE MASS SEQUENCE MASS

GAR 302.333 GPAGPPGR 707.787 STGISVPGPMGPSGPR 1496.701
GIK 316.401 GAPGPAGPK 750.853 DGLNGLPGPIGPPGPR 1513.716
GDK 318.33 TVIEYK 751.878 GANGAPGIAGAPGFPGAR 1537.698
GPR 328.371 GAAGLPGPK 766.895 GLTGPIGPPGPAGAPGDK 1558.754
GDR 346.343 GDAGPAGPK 768.825 GETGPAGPAGPIGPVGAR 1560.73
TTK 348.4 GEPGDAGAK 800.823 NSVAYMDQQTGNLK 1568.722
NPK 357.41 NWYISK 809.92 GSPGEAGRPGEAGLPGAK 1607.743
GER 360.37 GPAGPQGPR 835.918 NGDDGEAGKPGRPGER 1611.648
TSR 362.386 GFSGLDGAK 850.927 DGEAGAQGPPGPAGPAGER 1690.746
GHR 368.396 GEGGPQGPR 853.89 GEPGSPGENGAPGQMGPR 1694.796
DLK 374.437 ADDANVVR 858.907 LMSTEASQNITYHCK 1725.952
TCR 378.447 GVVGLPGQR 882.03 VGPPGPSGNAGPPGPPGPAGK 1764.958
EGSK 419.435 GSEGPQGVR 885.932 GPPGPMGPPGLAGPPGESGR 1785.007
AGER 431.449 MCHSDWK 906.042 GEPGPTGIQGPPGPAGEEGK 1831.957
SGDR 433.421 GPPGSAGSPGK 910.982 TGPPGPAGQDGRPGPPGPPGAR 1993.169
DGVR 445.476 QGPSGASGER 944.957 SGEYWIDPNQGCNLDAIK 2023.204
NPAR 456.502 GETGEQGDR 947.914 GAPGADGPAGAPGTPGPQGIAGQR 2057.21
YYR 500.555 MFSFVDLR 1014.207 FTYSVTYDGCTSHTGAW GK 2081.244
GGPGSR 529.553 GANGAPGNDGAK 1028.046 GEPGPPGPAGFAGPPGADGQPGAK 2086.248
GDAGPK 543.577 DLEVDTTLK 1033.144 GETGPAGPPGAPGAPGAPGPVGPAGK 2121.337
DVWK 546.624 GNSGEPGAPGSK 1057.085 GDAGAPGAPGSQGAPGLQGMPGER 2135.296
GDTGAK 547.566 GRPGAPGPAGAR 1063.184 GETGPAGRPGEVGPPGPPGPAGEK 2168.351
GAPGDR 571.591 GFPGADGVAGPK 1072.186 GEPGPPGPAGAAGPAGNPGADGQPGAK 2252.385
GPAGER 585.618 EGAPGAEGSPGR 1084.111 GDAGPPGPAGPAGPPGPIGNVGAPGPK 2259.506
YHDR 589.608 GVQGPPGPAGPR 1089.219 VFCNMETGETCVYPTQPSVAQK 2432.764
GDTGPR 601.617 GLPGTAGLPGMK 1098.326 GNDGATGAAGPPGPTGPAGPPGFPGAVGAK 2500.71
AHDGGR 611.615 GQAGVMGFPGPK 1145.342 GFSGLQGPPGPPGSPGEQGPSGASGPAGPR 2657.839
GLPGER 627.698 GVPGPPGAVGPAGK 1160.338 PVPCQICVCDNGNVLCDDVICDELK 2708.145
DGSPGAK 630.655 SLSQQIENIR 1187.318 LPIIDVAPLDVGAPDQEFGFDVGPACFL 2916.338
SPEGSR 631.643 GLTGSPGSPGPDGK 1226.308 GLPGPPGAPGPQGFQGPPGEPGEPGASGPMGPR 3005.314
AEGNSR 632.631 GEAGPSGPAGPTGAR 1281.348 VPTDECCPVCPEGQESPTDQETTGVEGPK 3033.257
DCPNAK 646.716 GFPGLPGPSGEPGK 1296.445 TGDAGPAGPPGPPGPPGPPGPPSGGYDLSFLPQPPQEK 3588.935
GFPGER 661.715 GPSGPQGPSGPPGPK 1316.436 DGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYDEK 3753.142
GADGAPGK 671.708 GEPGPAGLPGPPGER 1387.515 HVWYGESMTGGFQFEYGGQGSDPADVAIQLTFLR 3765.127
GAAGEPGK 685.735 GSAGPPGATGFPGAAGR 1427.539 GEQGPAGSPGFQGLPGPAGPPGEAGKPGEQGVPGDLGAPGPSGAR 4018.328
GPPGPPGK 705.812 ALLLQGSNEIEIR 1455.674 LLLLLAATALLTHGQEEGQEEGQEEDIPPVTCVQNGLR 4086.583



Working with archaeologists ? 222222
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» Derived from collagen

e Bone protein

o Useful species-specific marker

» Collagen more robust than DNA

e Forensic / archaeology / environmental applications

BIOARCH

THE UNIVERSITY@"%WQ



Food science ?

* Produced primarily from pig or cow skin and bones
(+ some poultry + fish)

* 4,.98M in UK: ethical / religious preferences
to avoid pig / cow



Gelatine production in Europe:

117 kilo tonnes in Europe:
70% to food, esp. confectionery
20% to pharma




consumer Issues

 Need for accurate product labelling

 Need to be able to scientifically verify species

 Need to support paper tralil



Method to verify the species of
gelatine

DNA - damaged/destroyed in production
- open to fraud



Theory

-CCTAUGGGUGAUGAAUUUAAACGAAAUUUAGCUAUUACUGUUUCUCCUCAACAUUAUUGU

4

Protein sequence
database
(www.uniprot .org )

A = Alanine M=Methionine
C = Cysteine N=Asparagine
D= Aspartic acid P=Proline
E=glutamic acid Q=glutamine
F= Phenylalanine R =Arginine

G=glycine S=Serine
H=Histidine T=Threonine
I=lsoleucine V= Valine

K = Lysine W = Tryptophan
L=Leucine Y=Tyrosine




LC QTOF MSMS Mass Spectrometry

enzyme Ic separatlon
@ d|gest|on JEMS analysis
/
/
WWM mass

Fragmentation of tryptic peptides in MSMS mode

PMF spectrum

Bovine collagen lalpha(1) peptide profile
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Methodology

« Trypsin digestion of protein target using sequencing grade
trypsin

 100’s peptides if relatively simple matrix (2-3 proteins) e.g.
bone

e«  >10° peptides if complex matrix

 may require prior protein purification or post-digestion peptide
purification if very complex matrix

e ‘shotgun proteomics’ — multi-dimensional LC prior to MS

« High sensitivity, full scan monitoring



Soft lonisiation MS Analysis - Total lon
scanning

LC Maxis
or Orbitrap

Peptide separation by LC

_ 15t MS = peptide mass
LC QTOF 2"d MS = fragments peptide
most probable sequence match

1st MS = peptide mass

MALDI-TOF-TOF 2nd MS = fragments peptide  most

probable sequence match

| C-TOF| | Peptide separation by LC
Accurate peptide mass only

MALDI-TO FIAccurate peptide mass on a limited number of peptides




Database interrogation



Database interrogation

* Public databases of peptides exist (theoretical)

« Database of the masses + fragment ions of
peptides unigue to collagen of 151 extant and
extinct species

e Confirm via fragment ions in the MS/MS

e Confidence score >40



Proprietary database: modifications not predicted

Peptide modification

Non-tryptic cleavage products

Unmodified peptide

Hydroxylation of prolines

Deamidation of asparagine and glutamine

Missed tryptic cleavage




MS method transfer

 maXis ESI tof (Bruker Daltonics)

e Bruker autoflex Il maldi tof tof

» Waters Xevo Qtof (nanoACQUITY UPLC)
e Waters Synapt G2

e In-house database Is critical



Food labelling Issues

 We have commercial gelatines from food
suppliers across Europe.

* 15% of samples did not contain the species of
gelatine stated on the packaging - misinformed



Study for

 Trading Standards sourced two hydrolysed

chicken injection powders known to be used In
frozen chicken in UK

e Suspected gelatine present
Labelled as ‘free from pork and beef’

e Suspicious as to species of origin of gelatine

Analyses:

o Tryptic ESI-MS/MS
e Various others
]



FSA study : 2 injection mixes

Analysis

Inj. Powder 1

nj. Powder 2




Study for .chicken breasts

e ‘Chicken’, ‘Halal slaughtered’
o Water retaining agent

e Bovine alpha 2 (1) collagen

1 x bovine-specific peptide

 Bovine alpha 1 (1) collagen

2 X bovine-specific peptide

seqguence present in cow
absent in poultry, pig, fish....






Media interest



Media interest



3) Metabolomics Applications -
NMR

e Maturation of beef - time period
- temperature

 Manuka honey
 Honey — botanic origin

» Coffee - authenticity

Metabolomics applications: Adrian.Charlton@fera.gsi.gov.uk



NMR spectroscopy

High throughput
Unbiased
Unigue “virtual” separation
|dentification of unknowns
Multinuclear chemical shifts
J-couplings
Peak intensities
NOE
Diffusion rate



Nuclear Magnetic Resonance spectroscopy




For how long, and at what temperature, has my
steak been stored prior to purchase?

James Donarski
James.Donarski@fera.gsi.gov.uk



Meat Aging



Changes in tH NMR spectrum during
storage
|



Changes in tH NMR spectrum during
storage

\

Nicotinamide Nicotinic acid

#$



Changes in tH NMR spectrum during
storage
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IRMS - The use of Stable Isotope and
Trace Element (SITE) fingerprinting to verify
the origin of food

Simon.Kelly@fera.gsi.gov.uk



Food Authenticity by IRMS methods

Authenticating geographic origin

» Meat- authentication of geographic origin of rearing
beef, lamb, chicken

e Basmati rice

* Wine

e Palm oll

Food Authenticity — other:

e Has a chicken been fed corn ?

 Are food flavourings/additives natural or synthetic ?
e Ethanol - natural or synthetic ?

 Vinegar - natural or synthetic ?

e Organic or inorganic farming methods ?



Food Authenticity by IRMS methods

Authenticating geographic origin

» Meat- authentication of geographic origin of rearing
beef, lamb, chicken

e Basmati rice

* Wine

e Palm oll

*Wine

Food Authenticity — other:

e Has a chicken been fed corn ?

 Are food flavourings/additives natural or synthetic ?
e Ethanol - natural or synthetic ?

 Vinegar - natural or synthetic ?

e Organic or inorganic farming methods ?



Why do we need to verify the
geographical origin of food?

PDO/PGI
legislation Consumer awareness
Specific [(EC) No _
legislation 510/2006] Consumer confidence
[(EC) No | |
2772/1999] Ethical production
Patriotism
(Ethnocentrism)
Food miles



Bio-element Stable isotope and
trace element ‘fingerprint’

Co
Rh

Ir
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‘Layers’ of isotopic and trace
element information

Hydrogen isotopes
Carbon isotopes

Nitrogen isotopes
Sulphur isotopes

Oxygen isotopes
Strontium isotopes

L
Sy
[ 4

Trace element
concentrations

¥

Unique “fingerprint” ?




Origin of difference in ?H/*H ratio (d?H)

stable stable radioactive
1 H 2 H 3 H
protons 1 protons 1 protons
1 neutrons 2 neutrons
98.985% 0.015% traces



Interpolated d?l




Determination of feeding regime of
chickens: d**C%. Results

oy




Basmatil rice

e Qur previous studies have shown there are 9 key
variables in rice geographical determinations to
obtain 100% classification after ‘leave one out’ cr  0ss-
validation.

dé di*C B Mg Se Rb Gd Ho w



Basmati rice — Mg +B ICP-MS

Canonical Discriminant Functions

Amerigan

N SO——0O3SCTl

o Group Centroids
U Test samples G1 - G5

© Group 3
American

India/Pakistan © Group2

European

O Group 1
Indian/Pakistani

Function 1



Analysis of Chicken HCNS stable
Isotope data

5.07

2.57

0.0

Function 2

Function 1

Origin2
4 1-S. America
¢ 2 - Europe
° 3 -China
v 4 - Thailand
Group Centroid



What is the source of the ethanol?

Cane and maize

Beet sugar Apple
13C 13C
==
Potato S%;rghetlc

13C
0 = — Ethanol __

=

o
. M .
Grape Bovine milk lactose
13C 13




What is the source of ethanol?

di3C

50T

-100 T

-150 T

-200 T

250 T

-300 T

-35.0

cane/Maize
(e c)
grape synthetic
barley & wheat
-360 -330 -300 -270 -240 -210 -180 -150 -120 -90

Methyl (C2) &’H



Summary

LC-MS/MS — gelatine species origin
— addition of binding products

Nuclear magnetic resonance — maturation of beef
— authenticity of manuka honey

Isotope ratio mass spectrometry — geographic origin
— synthetic or natural



13th Annual JIFSAN Symposium
13-15 June 2012, York, UK

Theme “New developments in food science: realising the po tential
of ‘omics’ technologies”, including:

- ‘Omics’ technologies: state of the art

- Breakfast workshop on Bioinformatics

- Application of ‘omics technologies in food science

- Potential of ‘omics’ technologies: industry and regulatory perspectives

- Steve Musser, Food and Drug Administration, USA

- Marc W Allard, Food and Drug Administration, USA

- Ben van Ommen, TNO (Netherlands Organization for Applied Scientific Research)
- Rudolf Krska, University of Natural Resources and Applied Life Sciences, Austria
- Roy Goodacre, School of Chemistry and Manchester Interdisciplinary Biocentre,

- Jane Thomas-Oates, RSC/EPSRC Chair of Analytical Science, University of York,
- Charles Baxter, Trait Project Lead, Vegetable Seeds, Syngenta, UK
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