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1. Executive summary

European labelling requirements are aimed at helpomgsumes make an inforrad
choice about the foods they purchalseparticular, here is aspecific requirement to
qguantify the amount of named or characterisimgyedients in foogroducts known as
the Quantitative Ingredient Declaration (QUIDh the case of meat products, this
involves quantifying each species of meat present in the food sepabt#lybased
procedures havéeen developed for species idemtétion, but have proved less
successful for quantitative determinatiofhhe main objective of the present project was
to develop a proteomic approach capaifleleterminng the proteinand speciesrigin

in different meat products witkpeciegquantitaton. Mass spectrometiy1S) has been
used for tis purpose in order to identify specisgecific peptide biomarkers as a
alternative to existing methods used for meat speciation.

The developed methodology can be appliedboth fresh and cooked meafBhe
procedure includes the extraction of the myofibrillar proteins from meat samples,
followed by OFFGEL fractionation of these proteins by isoelectric focusing. This
means that, after the fractionation, proteins are recoversdlinion allowing direct
treatment of the target proteins. These proteins are subsequently cleaved by trypsin
either by in-gel or insolution digestion. Tryptic peptides are identified by either
MALDI-TOF or LGESEMS, and bioinformatics data processinghen allows the
identification of speciespecific peptide biomarkers, éfeby detecting the different

meats that are present in the product.

Speciesspecific peptide biomarkers have been found for beef, apdchicken meat

after trypsin digestion of both sarcoplasmic and mydf#sr proteins. Myofibrillar
proteins constitute a more reliable and robust source of peptide biomarkers because
most of thesarcoplasmic proteins undgr denaturation after heat treatment, making
them insolubleln contrast most myofibrillar proteins reained in the same extract in

both fresh and cooked meats, giving rise to the generation of the same peptide
biomarkers in all cases. The case of chicken and pork meat mixes has been taken as a
model system in the development of this new approach for mpeeaiasion.In this way,
detection of chickemixed withpork has been achieved in amounts as low & 5



cooked meatsQuantitative detection of chicken in pork meat has been carriedyout
LC-ESFMS/MS by using stable isotope labelled peptidgsthessedusing the amino
acidsequence of the previously identified biomarker peptiddmear relationshipvas
obtainedbetween the amount of chicken in the mixture and the amount of chicken
biomarker peptide detectéy LC-ESFMS.

In order tovalidatethe developed proceduré¢he MS approach has been employed in
the analysis of a commercial meat product. The method presented heneckan and
pork speciation is robust, reliable and sensitive, representinglde alternative to
methods currently in uder these purposesvhereanalysis of highly processed food is
particularly problematic.The experimental data obtained suggest that the same
approach can be applied for the study of other meat nibrese routine MS equipment
has been used to developstmethodology, it would alloveasyimplementation of this
methodology in many laboratories.



2. Glossary

ACN Acetonitrile

CK Creatinekinase

FA Formic acid

G3P Glyceraldehyde3-phosphate dehydrogenase

GM Genetically modified

LC-ESI-MS Liquid chromatography coupled to mass spectrometry ana
having an electrospray ionisation as interface

LC/MS Liquid chromatography coupled to mass spectrometry analysis

LDHA Lactate dehydrogenase

MALDI -TOF Matrix-assistedaserdesorptionionizationtime-of-flight

MLC -1 Myosinlight chain 1

MLC -2 Myosinlight chain 2

MLC -3 Myosin light chain 3

MS/MS Tandem mass spectrometry. In this technidiefirst MS analysis
corresponds tahe determination of m/z values of the differg
compounds. In theesond MS analysis, one particular m/z vg
corresponding to a certain peptide is fragmented in order to (¢
the structural infomation necessary to elucidate the pep
sequence

2-D PAGE Two-dimensional polyacrylamide gel dectrophoresis. In thi
technique, proteins are first separated on the gel by isoe
focusing. Then, in a second dimension, these proteins are f
separated by SDBAGE according to their molecular weight

PCR Polymerasechainreaction

PMF Peptidemassfingerprinting

SDS-PAGE Sodium dodecyl sulphate polyacrylamide gel electrophoresis
Electrophoresis under denaturing conditions, in which mobilit
proteins is mainly dependent on their molecular weight

TFA Trifluoroacetic acid




3. Introduction

The problem of meat autntication

Price and lifestyle, together with religious and health concernan affect an

i ndividual 6s choice of food product. |t
provided so thatonsumers can makan informed choice about food prodsieind thus

their diet. There is aspecific requirement toquantify the amount of named or
characterising ingredients in fogdroducts, known as the Quantitative Ingredient
Declaration (QUID).In the case of meat products, this involves quantifying each
species of meat present in the food separatglyorder to achievehese objectives
robust, accurate and sensitive technical methodologies must be in place, ensuring that
fraudulent or accidental mislabelling of food does not ariBBis project was
commissoned specifically to develop an alternative approach to meat species

measurement.

Different experimental techniques have been used to datadeclared food
constituents. The problem is that substitution/adulteration is typically performed with
constitlents possessing very similar compositions, making discrimination without high
resolution techniques difficulDNA-based techniquegre amongthe most recent and
powerful that have been used foistipurpose. The uniqueness of a DNA sequence
defines a spees and facilitates the discriminatipgpwer of DNA analysis. This is the
reason whyDNA-based procedures have become popular metbogpecies or variety
identification. There are also several applications wheemntitative reatime PCRhas
become thebenchmark (Woolfe and Primrose, 2004)A prerequisite for the
analysis/amplification of DNA is its extraction from food. Food products, however,
have complex matrices thatede difficulties for nucleic acidextracton. In addition,

food processing can disrupt cellular integrity causing the reledsgdrolytic enzymes,
while heat, acid and solvesdire detrimental to macromolecules and metabolitbere

is no universaDNA extraction methodor all the different food matricesand often
methods have to be adapted for each different food &umkegree of DNA degradation

is inevitable, which necessitates the use of PCR primers designed to amplify fragments
of 200 bp or less. & a result, the chances of rgpecific amplification are increased.
There is now general consensus thatapplicationof quantitativePCRbased methods

to food analysigre limited at the moment and compositeprocessed food produdts



particular,PCR-based detection methods are unreliable with respect to reproducibility

andaccuracy

Proteinbased approaches have typically used immunodetection as an alternative to
DNA-based method&Siovannacci et al2004) Once developed, immunoassays would

be easy to use, providing good sensitivity and high througlgsutmany different
samples can banalysedin a microtite plate at a time. There is, however, an absolute
requirementd produce highly specific antibodies, a task that is not always possible and
SO crosgeactions are often a major drawback. Additional problems can occur when
analysing processed foods, since an antibody raised against a target protein in a fresh
food canfail in the detection of the same protein after food processing due to

denaturation of the protein epitopes.

Proteomics: a sensitive aneliable alternative approach

Over the last 5 years developments in mass spectrometry (MS) and accessibility to
genone sequences havekandled the use of proteins/peptides as biomarkers within the
pharmaceutical sector. The food indusgyow also beginning to realise the potential

of this technology. The advances in MS technologies make it possible to detect and
identify peptides from protein digests of 4énol of protein. In addition to peptide mass
fingerprinting (PMF), the MS/MS function facilitates the acquisition of sequence tags
and de novo sequence information. A MALBTOF/MS highresolution machine
utlisesa fAsofto ionisation approach-traorM® s hows
machineis a robust, usdriendly MS that is available irmany food regulatory
laboratoriesThe software on these machines enables automated spectral interrogation

as well as PM andhomologybased searching.

The power of MS detection can be enhanced by +fondt protein fractionation
performed offline, followed by peptide separations-lime. Traditionally, 2D PAGE

has been used to fractionate complex protein mixtusefore quantitation or
identification, but the technique has a poor dynamic range, preventing the detection of
low abundance proteinsiasa limited loading capacity and artefacts can occur. The
procedure is also not amenable to high throughput or automatediamafyinteresting

alternative to take advantage of the good resolving power of isoelectric focusing but



without many of these limitationsyhich areimposed by immobilised gel gradients,
would be the use of some of the recent protein/peptide fractisrthtdrarecurrently
available The Agilent 3100 OFFGEL fractionator (Agilent Technologiedlows
isoelectricfocusingof up to 12 samples at a tim&jth up to 50 mg of protein loading

per sample. Because the focusing is carried out in solution, proi@inet need to be
extracted from a gel matrix, thus allowing direct use of the fractionated material with
further purification techniques. The focugipH range can be manipulated to tailor
resolution. Focusing parameters well as temperatyrare all automated making
separations highly reproducible. The systemmdeal for generating enriched protein

fractions from crude extracts.

Recently, we have developed a robust, sensitive, unequivocal proteomic approach to
detect GM proteins. Specificall-enolpyruvylshikimate3-phosphate synthagePSP
synthasgin GM soya seeds has been detected through 32 biomarker peptides, which
represent 76% of the total protein sequence. Using these biomarker peptides as unique
identifiers GM soya has been identifidaelow 0.9% w/w(Ocafa et al.2007. The
proteomic approach has been also recently applied with success in other scientific
fields, such as the identification of major allergens in processed pe&hasdgaigne et

al., 2007 andthe discovery of plasma pige biomarkers for some specific diseases
(Aristotelli et al., 200Y. In the present project we have used our experience gained in
detecting GM proteins in foodstuffer the identification of meat species in mixed meat

products.



4. Materials and Methods
A) Sample collection
Meat samples of known origin were supplied by the Veterinary Laboratories Agency,

Weybridge, UK. Other samples were obtained from local butchers and supermarkets.

B) Sample pregration and extraction methods

Cooking of meats

NOTE: Thiscookingprocedurewas not applied to fresh meats studied in this project
Frozen meat samples were cut in portions of abouy 2hd were thawed at 3@
overnight. Each sample was placed in individual aluminium foil trays thélcapacity

to hold bhe meat exudates. The different samples were then cooked in an ovefCat 180
for one hour. After that, samples were taken @iuthe oven and left to cool at room

temperature before use.

Extraction of meat proteins

One gram of meat sample was homogenireti0 M of 50 mM TrisHCI buffer, pH

8.0, by using a Vortex for 2 mies The homogenate was then centrifuged at 10,000 g
for 20 mirutesat #C. The supernatant was collected, constituting the sarcoplasmic
extract in which all the soluble proteins weantained. The pellet was resuspended in
10 m of 50 mM TrisHCI, pH 8.0, containing 6 M urea and 1 M thioyread
homogenized in a Vortex for 5 mitesin order to solubilise the myofibrillar proteins.
The homogenate was then centrifuged at 10¢@f 10 mirutes andthe supernatant,
containingthe myofibrillar extractwas collected Both sarcoplasmic and myofibrillar
extracts were filtered through 0.451 membrane filters (Millipore) prior to use. Protein
concentration of the extracts was determinedth®y method of Bradford, using the
BoRadE protein assay kit and bowaccondgteer um a

the manufacturerdés instructions.

C) Protein OFFGEL fractionation

Samples oR.5 mg of each myofibrillar extract were fractionated blisotric focusing

using an Agilent 3100 OFFGEL Fractionator followithgma nuf act ur er 6 s i n st
Proteins were focused based on their pl usingrgdong Immobiline DryStrip (GE

Healthcare) with a linear pH gradient ranging from 4.0 to Vt@&n,140 ul of sample



wasloaded in each well. After focusing, samples were directly collected and stdred at
20°C for further use.

D) SDSPAGE

Samplesof 30 ul of each OFFGEL protein fraction were mixed in equal volsiofe
sample buffer solution (0.5 M TrdCl pH 6.8, 50% glycerol, 10% SDS, 0.2 M
dithiothreitol and bromophenol blue)hen heated at 99C for 4 mirutesin a thermo
block. Appropriate volumes were loaded in orderhve 5 pg of protein per lane.
Different acrylamide percentages were assayedjmgrirom 8 to 15%according to the
method of Laemmli(Laemmli, 1970 and using the Sigma Silver staining kit
(PROTSILEKT). The Bio-Rad standard proteintkwas used as protein standard (ref.
161-0303).

E) In-gel digestion of SDSPAGE protein bands

Stained bands corresponding to the proteins of interest were excised by using a scalpel,
and werethen introduced into 0.5 ml Eppendorf tubes and washed times for 10
minuteswith 50 ul of 50 mM ammonium bicarbonate, pH 8®el pieces were dried

three times with 5@l acetonitrile for 10 miates Once the gel pieces shrank and &agin
opaque, 1Qul of 12.5 ngll trypsin dissolved in 50 mM ammonium bicarkaie, pH

8.0, was added.An additional 15ul of 50 mM ammonium bicarbonate was added to
each tube in order to cover the gel pieces. The tubes were incubated at 37°C overnight.
The supernatant was then transferred to a clean Eppendorf tube. The gel preces we
washed with 25u1 ACN/0.1% TFA (50:50v/v), sonicated for 10 mirtes and the
supernatantsvere thencombined. This solvent was evaporated usingsenVac
centrifugal evaporato(GenVac, Ipswich, UK and reconstituteén 5 pl 0.1% TFA.

Samples were theredalted by using Zigp™accor di ng t o manufactur e

F) In-solution digestion

Target OFFGEL protein fractions were also directly subjected to trypsin digeAtion.
total of 20 ul of each OFFGEL fractiomvas mixed with 20ul of 0.1% TFA. After
homogenisation, samples were desalted usingtiggp Protein elution waperformed
with 20 ul of 70% ACN/30% 0.1 TFA. The solvent was evaporated uairgenVac
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evaporatorand reconstituted with 1kl of 50 mM ammonium bicarbonate, pH 8.0,
followed bythe addition of 15ul of 12.5 ngjl trypsin dissolved in the same buffer.
Samples were incubated at 37°C overnight, and then evaporated usingtattye
evaporator Reconstitution wasarried outwith an appropriate volume of 0.1% TFA in
order to analyséhe tryptic peptides by either MALBIOF or LGMS.

G) MALDI-TOF MS

Aliquots (1.5 pl) of the different samples were spotted onto a 669 hydrophilic
AnchorChip 600 (Bruker, Coventry, UK), then the same volume of a 5 hsglumion

of 2,5dihydroxybenzoicacid (dissolved in ACN/0.1% TFA 1:2yas addedMALDI -

TOF spectra were generated with a Bruker MAITIDF Reflex 1l operated in the
positive reflectron mode. Peptide ions were generated by a nitrogen laser emitting at
337 nm. The mass spectrometer waghcatled in them/zrange from 800 to 3000. Each
mass spectrum constituted the sum of 300 shots. Protein identificaticacnaesedoy

direct interrogation of the peptide mass list obtained for each of the protein digests in
the MASCOT search engine (MatriScience, London, UK) againghe NCBInr
databasgeusing a peptide tolerance of 100 ppm.

H) LC-MS

LC-MS analyses were carried out usinglaermo Separations Products LC system,
consistingof an AS3000 autosamplemd P4000 gradienpump coupledirectly to a

LCQ Deca ion trap instrument (Thermo Electron Corp. San Jose, CA,.UEa8h
sample ( 3 0) wad injected into the LEMS system using the autosampler.
Chromatographic separat®were made using a mm CLIPEUS C18 column (150 x

0.5 mm i.d; Higgins Analytical Inc., Mountain view, CA, USA), using the following
conditions:flow rate 18ul/minute isocratic gradient with 0% FA in H,O (solvent A)

for 30 mirutes then, linear gradient from 0 to 40% 0.1% FA in ACN (solvent B) for
120 mirutes Operating conditions for the ion trap mass spectrometer were: ESI positive
mode, capillary temperatu20°C, isolation width 3.0 Da, collision energy normalized
to 33%, nitrogen sheath gas flow 34, no auxiliary gas, source voltage 4.5 kV and
capillary voltage 3.0 VThe first scan evenwas full MS scan fromm/zvalues 300 to
2000.The ptal number of fulmicroscans was 3 in 40@illiseconds The €cond scan

event wasadependent MS/MS scan thfe most intense ion enabling dynamic exclusion

11



(after 3 scans of the most intense idit)e btal number of MS/MS microscans was 3 in
600milliseconds

Data acqisition was done using the Xcalibur v1.2 software. Peptide identification was
achievedby interrogating the generated .dta files containing MS/MS data into the
MASCOT search engine (hppt://www.matrixscience.com), agtiestiCBInr database

and using a M3/S tolerance of 0.6 Da.

1) Peptide quantification using stable isotope labelled peptides (AGUA

Different amounts of cooked chicken were mixed with cooked pork in ordeak®

meat mixes containing 0%, 0.5%, 1%, 2%, 5% and 10% chicken in porlof tiése

mixes were subjected to the described developed procedure by making an extraction of
the myofibrillar proteinsyhich wasfollowed by OFFGEL protein fractionatioithen,

20 pl of each fraction 3 obtained from this fractionati@ontaining MLG3, wee

spiked with 10ul of 0.1% TFA containing 5 pmol of each one of the three synthesized
heavy counterparts of the selected chicken biomarker peptides. These heavy peptides
were:

1) HVL (**C6°N)ATLGEKMTEEEVEELMK;

2) DQGTFEDF(**C9,°N)VEGLR

3) AL (**C6.°N)GQNPTNAEINK

The mixture was desalted using Zips, eluting the content of the tip with 30
ACN/0.1% TFA (70:30). After drying, samples were subjected tsointion trypsin
digestion as already described. Reconstitution of digested samples wasnnd&de i

0.1% TFA. Then, 30 ul of this volumewas automatically injected on &hermo
Separation ProductsC system directly coupled to a Thermi@Q Deca ion trap
instrument Data analysis of the obtained chromatograms pesrmedusing Thermo

Qual Browsersoftware from Xcalibur 2.0.6. Integration of the chromatographic peaks
corresponding to the different native biomarkers and AQUA peptides was performed
manually, using the mass range option for both singly and doubly charged forms of each
peptide. Sincehte initial amount of the heavy peptide was known, comparison of peak
area values between the native peptide and that of the heavy peptide counterpart

allowed calculabn of the amount of thenative peptide in the sample.
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5. Results

5.1. General overviewof muscle proteome

In a first step, both sarcoplasmic and myofibrillar extracts were prepared from beef,
pork and chicken samples. Proteins contained in these extracts were then separated by
SDSPAGE using 15% slab gels. Identification of the differenttgiro bands was
accomplished by Hgel digestion of these bands, followed by MALDOF analysis of

the obtained peptide masses. As observdelgare 1, from the total muscle proteome

15 different proteins were successfully identified.
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5 chain 1

32
-+——— phosphofructokinase

L e pyruvate kinase

« 3 4——77 €nolase .
19~~Il—c1—at:’(|n
22
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pyruvate kinase _ 67 -n

enolase\
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creatine kinase —-59
aldolase —»56
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triosephosphate —p * -
isomerase 1 4/' E 49

— ._. — o myosin, light chain 1

— «+— myosin, light chain 2
:;w.‘ ).' 4— myosm light chain 3
~ NV

_/

Sarcoplasmic extracts Myoflbrlllar extracts

Figure 1. Proteindistribution of meat extractd.eft: Tris-HCI extracts (sarcoplasmic
proteins);right: Urea/thiourea extractsniyofibrillar proteins).

A detailed study of the peptides generated after trypsin hydrolysis of proteins separated
by SDSPAGE allowed us to kEhtify some potential speckspecific peptide

biomarkers.
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Table 1: Speciesspecific peptides identified after trypsin digestion of the most
relevant sarcoplasmic proteins of the muscle proteome of beef, pork and chicken.
Masses in bold were detected ALDI -TORMS. MC: missed cleavages.

Mass Modified
Protein Species [M+H] mass [M+H] Modification Position MC Peptide sequence
Creatine Cys_CAM:
kinase Beef 1100.5305 1157.552 146 139-148 0 GYALPPHCSR
GTGGVDTAAVGAVF
Chicken 1992.9621 321-341 0 DISNADR
LGFSEVEQVQMVVD
1863.952 1879.9469 MSO: 352 342-358 0 GVK
1657.8332 224-236 0 TFLVWVNEEDHLR
1639.8213 12-25 1 LKFSAEEEFPDLSK
1535.7951 157-170 0 LSVEALNSLEGEFK
1398.6423 14-25 0 FSAEEEFPDLSK
1217.616 87-96 0 DLFDPVIQDR
1118.6568 3341 1 VLTPELYKR
Cys_CAM:
1116.5255 1173.5469 146 139-148 0 GYSLPPHCSR
943.4996 308-314 0 FEEILHR
Cys_CAM:
Pork 1130.5411 1187.5626 146 139-148 0 GYTLPPHCSR
G3P Beef 1615.8802 70-83 1 AITIFQERDPANIK
MSO: 127, VIISAPSADAPMFVM
Chicken 2619.2945 2651.2843 130 116-139 1 GVNHE KYDK
VIHDNFGIVEGLMTT
2595.3599 2611.3548 MSO: 172 160-183 0 VHAIT ATQK
LVINGHAITIFQERDP
2265.2349 64-83 1 SNIK
1749.7867 307-320 0 LVSWYDNEFGYSNR
MSO: 127, VIISAPSADAPMFVM
Pork 2933.4535 2965.4433 130 116-142 1 GVNHE KYDNSLK
1615.8802 70-83 1 AITIFQERDPANIK
LDHA Beef 913.5829 90-98 0 LVIITAGAR
Chicken 1231.6238 1247.6187 MSO: 305 305-314 0 MILKPDEEEK
Pork 899.5672 90-98 0 LVVITAGAR

Table 1 shows the speciespecific peptidesdentified from trypsin hydrolysis of
sarcoplasmic proteins. Some of the observed masses corresponded to peptides, whereas
other masses belonged to peptides containing some modificagiots as methionine
oxidation or carbamidation of cysteines. In sooases, different forms of the same
peptide (with and without modifications) were identified. These biomarkers came from
trypsin digestion of creatine kinasglyceraldehyde3-phosphate dehydrogenase (G3P)

and lactate dehydrogenase (LDHA)
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With respect tanyofibrillar proteins, potential specispecific peptide biomarkers were

identified for beef, chicken and pork after trypsin digestion of the different myosin

isoforms (myosin light chains 1, 2 and 3 and myosin heavy chabie 2).

Table 2: Speciesspecific peptides identified after trypsin digestion of the most relevant
myofibrillar proteins of the muscle proteome of beef, pork and chicken. Masses in
bold were detected by MALBTORMS. MC: missed cleavages.

Modified
Protein Species Mass [M+H] mass [M+H] Modification Position MC' | Peptide sequence
Myosin light
chain 1 Beef 1362.7758 12-23 1 IDLSAIKIEFSK
Chicken 1368.6997 64-76 0 ALGQNPTNAEINK
Myosin light EASGPINFTVFLN
chain 2 Beef 2000.9786 2016.9735 MSO: 87 74-91 MFGEK
1467.7148 1524.7362 Cys_CAM: 129 120-131 FLEELLTTQCDR
AAEGSSNVFSMF
Chicken 2364.0812 2380.0761 MSO: 20 10-30 0 DQTQIQEFK
NMWAAFPPDVA
1894.8792 1910.8741 MSO: 138 137-153 0 GNVDYK
NICYVITHGEDKE
1706.769 1763.7904 Cys_CAM: 156 154-168 1 GE
1554.7468 1611.7683 Cys_CAM: 127 117-129 0 SFLEELLTTQCDR
GADPEDVIMGAF
1349.6405 1365.6354 MSO: 100 92-104 0 K
1159.5953 41-50 1 DGIIDKDDLR
882.4138 898.4087 MSO: 56 51-58 0 ETFAAMGR
AAAEGSSNVFSM
Pork 2435.1183 2451.1132 MSO: 21 10-31 0 FDQTQIQEFK
KHFLEELLTTQCD
1732.8686 1789.8901 Cys_CAM: 128 117-130 1 R
1604.7737 1661.7951 Cys_CAM: 128 118-130 0 HFLEELLTTQCDR
Myosin light
chain 3 Chicken 1368.6997 37-49 0 ALGQNPTNAEINK
Myosin heavy AGLLGLLEEMRD
chain 1 Beef 1572.8181 770-783 1 EK
1072.5877 1272 - 1280 0 LINDLTTQR
QLDEKDALVSQL
1600.842 1293 - 1306 1 SR
1553.8525 1680 - 1692 1 RANLLQAEIEELR
HADSTAELGEQID
Chicken 1895.8973 1199 - 1215 NLQR
1103.5393 1272 - 1280 MINDLNTQR
1182.5517 1283 - 1292 LQTETGEYSR
QAEEKDALISQLS
1586.8264 1293 - 1306 1 R
1383.7357 1681 - 1692 0 ANLLQAEVEELR
Pork 1489.7888 1310 - 1321 1 QAFTQQIEELKR
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5.2. Detection of peptide biomarkers in meat mixes

The study of the muscle proteome from different animal species eevtad existence

of tryptic peptides characteristic of a particular animal species, and the feasbility
identifying some of them by mass spectrometry (MAEDDFMS and/or LCESH

MS). Even if this was true for a model system in which there is only dneahspecies

in the extract, the main challenge of the present project was the identification of some of
these peptidéiomarkers in mixes of meats in which the target species is present in low
amounts. Thus, in a second stemrk with meat mixes was ca&d out in order to
assess the detection limits of one meat species in a mixed meat product. Different
amounts (1%, 10% and 2584w) of pork were added to beef and chicken with the aim

of detecing some of the previously identified pespecific peptide lmmarkers.

As can be observed ifigure 2, additions of one type of meat into another are
indistinguishable by SD®AGE. Addition of either 1% or 25% pork in both beef and
chicken yielded the sam@otein profileafter silver staining of the geThis wa also

true for myofibrillar proteingFigure 3).

220K
66K

45K
30K

201K

143K

Std. 19  10% 25% 1% 10% 25%
L e X A

" =
pork in beef pork in chicken

Figure 2: 15% SDSPAGE of sarcoplasmic extracts corresponding to different
additions of pork into beef and chicken. As an exantpkelocalization of some of
the target proteins desceih in Table 1 is indicated CK: Creatine kinase{3P:
Glyceraldehyd&-phosphate dehydrogenas®HA : Lactate dehydrogenase
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J - J
Y~ Y
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Figure 3: 15% SDSPAGE of myofibrillar extracts corresponding to different additions
of pork into beef ath chicken. As an examplthelocalization of myosin light chain
2 (MLC -2)is shown

Some of the target proteins described ables 1 and 2 and indicated ifrigures 2 and

3, were excised and subjected tegel digestion. Even if additions of meat werat
distinguishable by SD®AGE, the sensitivity of modern MS equipment would have
considerably greater potential to distinguish between the different meat spegek. In
digestion of some of these target protein bands followed by MALDF MSwould be
expected toimprove the capacity to detect meat mixes through the identification of

speciesspecific peptides. An example of this approach is illustrat&igiare 4.
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Detection limit: Creatine Kinase (Tris extracts)
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Figure 4. MALDI -TOF MS for ingel digestiorof creatine kinase SBDBAGE band of
different percentagesf pork contained in beef. A, B and C show the whole m/z
range, whereas D, E and F zashin for apork peptide biomarker at m/z 1187.6.

In-gel digestion of the protein band corresponding taatare kinase allowed clear
detection of a poHspecific peptide at m/z 1187.6 when 25% of pork meat was present
in the mixture. This biomarker was also detected when 10% pork was present in beef
meat, although the resolution of the peak was not very aetisf. When 1% pork was
present in the mixture, this peptide was undistinguishable from background noise
(Figure 4). Some peptide biomarkers coming from target proteins otharctieatine
kinasewere more difficult to detect even at meat additions a$ lag 25% (data not
shown). These results clearly highlighted the necessity to develop an additional pre
purification/enrichment step jor to MS analysis for improving the detection limit of

the peptide biomarkers.
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5.3. Heat stability of peptide biomarkers

One of the main reasons for funding the present project was to develop an alternative
approach taletecting theproblem of food authentication and fraud. At present, one of
the main procedures used to detaudieclaredood constituentss basedonthe aralysis

of DNA. The uniqueness of DNA for a given species makes this approach highly
specific and also very sensitive, especialiyh the development of quantitative real
time PCR. There are, however, limitations for this approach wheredpplprocessed
compositfood products in relation to DNA integrignd measurement after PCiRbod
processingsuch as treatment at high temperatucas seriously degrade DNAhis,
coupled with matrix effects and the fact that #iz@le PCR is a comparative test wi
housekeeping genemakes quantification difficult and unreliable. Thus,it was
considered thaan MS approach foquantitativemeat speciationmay overcomethe
problens associated with retime PCR, in ordeto become gossible enforcement

method.

For this reason, it wasmportantto assess the feasibilitgf detecing target peptide
biomarkers irheavilycooked meats. Cooking conditions weeveren order to ensure

the stability of peptides as reliable biomarkers. Meat portions from differeniespe
(beef, pork, chicken and turkey) were cooked in an oven at 1180%he hour. After

that, proteins were extracted in the same way as in the case of fresh meaBAGBES

of the sarcoplasmiaextracts obtained for the different meats is showrrigure 5.
Significantdifferences can be observed between fresh and cooked meat extracts. Most
of the proteins bands observed in fresh meat extracts disappeared in cooked, extracts

probably due to the denaturation and hydrolysis of most soluble proteins
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Figure 5: 120 SDSPAGE of sarcoplasmic extracts obtained from the different animal
species for both fresh and cooked meat. F: Fresh meat; C: cooked meat.

From these results, previously selected sarcoplasmic pratensified as potential
good souces of peptide biomarkers, i.e. lactate dehydrogenglgeeraldehyde3-
phosphate dehydrogenase and credtinase ¢eeTable 1), did not appeato be the

best option to develop a proteomic approach for meat speciation applied to highly
processed meat tacts.

The SDSPAGE protein profile obtained for myofibrillar extracts also showed
differences between fresh and cooked meat extracts. As can be obsd¥igraers, in

this case cooked meat extracts contained more protein bamdgebla extracts. This
can be explained takingtmconsideratiorthe earlierresults for sarcoplasmic proteins.
Someof these sarcoplasmic proteins tha&camensoluble due to denaturation during
the cooking processvere recoveredin the urea/thiourea extract. This madee th
myofibrillar extract more complex, with protein bands overlappespecially above 30
kDa. Interestingly, the region between-25 kDa (red rectanglie Figure 6) contained
some weHresolved protein bandsith a good intensity which werecommon to both

fresh and cooked extracts. These proteins appeared to be better targets for obtaining
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speciesspecific peptide biomarkers adequate to develop a MS approach for meat

identification in both fresh and cooked meat products.
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Figure 6: 12% SDSPAGE of myofibrllar extracts obtained from the different animal
species for both fresh and cooked meat. F: Fresh meat; C: cooked meat. MLC
Myosin light chain 1; MLG2: Myosin light chain 2; MLE3: Myosin light chain
3.

In-gel digestion of some of these bands, fokowby MALDI-TOFMS analysis,
identified these common protein bands as the different isoforms of myosin light chain
i.e., myosin light chains 1, 2 and J.able 3 shows speciespecific peptidedrom
trypsin digestion of these isoforms that were found irh doésh and cooked meats.
These results clearly show the high stability of peptides under extreme processing
conditions and confirm the usé myosin light chain isoforms as better targets to obtain

reliable peptide biomarkers.
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