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Meat Substitution

Motivation : $$$

» Addition of meat from undeclared species
to a specific meat product in order to
lower production cost and increase
profitability

Cost per kg: Horse meat << Beef meat

An international issue
* Itis economic fraud

* It represents health issues due to specific
dietary restrictions

 Itis an ethical problem

* Itis also an important cultural and
religious issues

How testing is done?

« Two-dimensional polyacrylamide gel
electrophoresis and western-blot analysis

* Qualitative Real-Time PCR

* Enzyme-linked immunosorbent assay
(ELISA)

Challenges
* These methods are mostly qualitative
* Molecular information obtained is limited

» Data can’t be revisited post-acquisition
for data mining

» They are not generic approaches and
need to be heavily customized
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What About Mass Spectrometry Options

High Resolution Accurate Mass

= Can perform the same level of quantitation as MS/MS

= Selectivity obtained by accurate mass measurement (only m/z needed)
= Less false positives and negatives

= No need to setup instrument (SRM) before analysis

= Unlimited number of compounds in a run — perfect for screening

= Automated data processing




Q Exactive™ MS - a 3D View

Quadrupole Mass Filter

RF-Lens

Orbitrap Mass
Analyzer




Why Bottom-up Proteomics Workflow Is An Interesting Option To

Develop An MS Based Assay?

All life forms are related by common
ancestry and descent. The construction
of phylogenies provides explanations of
the diversity seen in the natural world.

Today, phylogenies are  usually
constructed using DNA sequence data.

Relationship between genes and
species is central for meat speciation




Traditional Peptide Fingerprinting Approach Using MS

Generate a mass list (MS and MS/MS
data)

Porcine TIC
Sus scrofa

Database search (MASCOT/SEQUEST)

MS and MS/MS matching

0 5 10 15 20 25 30 35 40 45
Time (min)

Peptide fingerprinting

B eef

17 specific peptides—a

23 specific peptides
o

Using a relatively high 7 429 common
abundance threshold . .
unique peptides
identified

Lamb
PorK,, w LA |
14 specific peptides 9 specific peptides
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What Are The Main Limitations Of This Analytical Approach?

It relies heavily on the quality of the MS and MS/MS data
— < |t strongly relies on bioinformatics and parameterizations
It requires highly skilled scientists to obtain comprehensive
results

Is this really appropriate for implementation in a
routine food analysis laboratory ?

Can we propose alternative strategies ?
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Targeted Bioinformatics Analysis Example: Myoglobin

Extraction of gene
information

In silico sequence
alignment

In silico protein
translation and
alignment

Sequence analysis

Myoglobin is the primary oxygen-carrying protein of muscle tissues
It is a highly abundant protein

BO
l

Myoglobin Bovine MGHSBGEW lliAiclllA BUAGHG rclrl'r ll lllll RTEAEMEASE DERRHCNTEE TA cclilll GHHEAENRHE 90
Myoglobine Lamb MG.SIG“ ENAWCKEEA '.AGIG rclrlr lll ITIAIMIASI lllllc.mll n GGHERKK ll= llll 90
Myoglobin Equine MCISE ENUWGKNEA BEAGH ll' GHHEAE

Myoglobin Pork MGHS cllﬂl NENUWCKUEA IlAclc Il lclrlr l =ll lsl= MlASl lllllcil'rl TA ccl clIlAl rr 90
Myoglobin Poultry MGESBOEWQQ NETHWCKNEA IIAcIcI MREEHBHPET B GE KTPBoMKcSE BERKHCATH (q 1 | I&l GNHESERKP

Consensus MGLSDGEWQL VLNXWCKVEA DVAGHCQEVL IRLFTCHPET LEKFDKFKHL KTEAEMKASE DLKKHCNTVL TALGCILKKK CHHEAELKPL
100%

Conservation
0%

100 120 140

nIMAA KUE cEQc 154
QG 154
QG 154
sﬁA AM.. UEEER NBvASKNREE cEac 154
LELFR NDMAAKYKEL GFQC

Myoglobin Equine AQSHATKHEN PN
Myoglobin Pork AQSHATKHEN PEE

Myoglobin Bovine AI‘;IANIIII PHE SB ANNRVEHAE ToB

Myoglobine Lamb AESHANKHEN P sB AN lA, : :
=

Myoglobin Poultry AQTHATKHKN PMKNEERNSE llll HAEQH AA

SR lll;s NBvaAQNKNE cilc 154

Proteotypic peptides can be

identified

120 134

and In silico tryptic Beef YLEFISDA IIHVLHAKHP SDFGADAQAA MSKALELFR
gi ) Horse YLEFISDA IIHVLHSKHP GDFGADAQGA MTKALELFR
Igestion Pork YLEFISEA IIQVLQSKHP GDFGADAQGA MSKALELFR
Lamb YLEFISDA IIHVLHAKHP SDFGADAQGA MSKALELFR
I
Generate v
. Proteotypic peptides Mass (m/z)
proteotypiC mass Sk Beef HPSDFGADAQAAMSK X,
I|StS —————— Horse HPGDFGADAQGAMTK X,
Pork HPGDFGADAQGAMSK X3
Lamb HPSDFGADAQGAMSK X4
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How Bottom-up Proteomics Can Be Used For Meat Speciation

Phase 1
Proteome mapping

fragment ions
of peptides

- AR T AT |

B — T E— Pt
(e.g. by trypsin)

protein

/ Genome annotation
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Bottom-up Proteomics Sample Preparation

Meat sample mixed with water (1:5) is homogenized and the mixture is sonicated

Proteins in the suspension are precipitated with acetone (1:1)

w

Acetone is discarded and the generated protein pellet is dryed to remove all traces of
acetone.

Protein pellets are dissolved in ammonium bicarbonate (pH 8.5).

Proteins are denatured by heating at 120°C

Reduced with Dithiothreitol (DTT) and alkylated with lodoacetamide IAA

Proteomic grade trypsin is added and the reaction is performed at 40°C for 24h.
Trypsin cleavage occurs after basic amino acids : Lys (K) & Arg (R)

No o A
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Each Targeted Peptides Can Be Detected And Extracted From Tics

751.83°
Boof (Bos taurus) \l/ LR s oo } 07pDm A | ™=
& Amis - 0.7 ppm A
‘{HMUJ \}u , h L{”W 'J \IJ‘H_J\ 753.3409
_'f\’\,., /\J \}u N'b\%,\,__/—'\ _”,\LA“/JA‘JJ m"f\}’\w 1 | A l L X
40 45 ] 5 10 15 20 25 30 35 40 45 74'9.0 74'9.5 75'0.0 75'0.5 75'1.0 75'1.5 75'2.0 75'2.5 755&.0 75'3.5 7511.0 7511.5 75'5.0
Tm (mh) Time (min) m/z
Species Tryptic peptide sequence Theoretical mass (2=2) Observed mass Mass accuracy
NCTORLAMLS PPy XIC 751.8383 (= 5 ppm) MB (120-134) (z=2) (ppm)
Beef HPSDFGADAQAAMSK 766.8435 766.8436 0.13
Horse HPGDFGADAQGAMTK 751.8383 751.8378 -0.67
Pork HPGDFGADAQGAMSK 744.8304 744.8314 1.34
Lamb HPSDFGADAQGAMSK 759.8357 759.8363 0.79
A
20 25 30 35 40 45 o 5 10 15 20 25 30 35 y
ree ) e ) Very complex TIC’s
Over 7000s of unique
peptides can be found.
TIC

LA l' \ wmml ‘
M M M\h A MWW\'MM%

o 10 25 30 35 40 45
Tm @ (min) Time (min)

Need for very high

resolution data (>100 000).

XIC 744.8304 (+ 5 ppm) XIC 759.8357 (= S ppm)

A — ,,,,,.A,-Lk,_,h._ R DBm=R—PRRm——BbPBRRR=LL..,
1 4 4

Time (min) Time (min)
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Resolution vs. m/z
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Much higher resolution
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Data Dependent MS/MS Used For Targeted Work

766.8435 751.8383 744.8304 759.8357
(z=2) (z=2) (z=2) (z=2)

Survey MS Scan

140 000 FWHM
m/z 500-2000

Select ions
of interest

Isolation width = 1.5 AMU

1298.5681 1268.5576 1254.5419 1284.5525

Acquired MS/MS (Y13) V13) (Y13) (Y13)
spectra 1395.6209  1365.6103  1351.5047  1381.6053
17 500 FWHM Y14) (Y14) Y14) (Y14)

Generation of post-analysis XICs for
> selected proteotyping peptides

Extracted ion chromatogram at y,, or y,;53 + 5 ppm
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Assessment Of The Apparent Intra- And Inter Method Reproducibility

Peak Area
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Peak Area
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Tryptic Digestion Optimization

Beef
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After 1h, peptides can be detected.
At 4h, we observed 30-40% of the maximum
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Chromatograms From Beef Meat Sample Spike With 1 % Pork Meat

MS1
XIC 744.8304 £ 5 ppm

Relative abundance (%)

Pure beef are in red

7 8 9 10
Time (min)

tMS?2 — 744.8—»1254.5419 + 5 ppm DIA miz 700-750
— 1254.5419 = 5 ppm

1% Pork in Beef meat [ — 1351.5947 + 5 ppm

— 744.8 —1351.5947 = 5 ppm
1% Pork in Beef meat

Relative abundance (%)
Relative abundance (%)

|
I |I . I|I III' .
.|| [ Pure beef are in blue | |\l Pure beef are in blue

A ) \

7 8 g 10 7 B 9 10
Time {min} Time [min)
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Routine Practive

Protein
3
— — Proteotypic peptides
38 3333 yPIC pEP
= = T= & MS/MS spectra
LC—MS% Targeted MS

Introduction of internal standards 1. Select precursor ion

We can use labeled peptides as
internal standards !

Quality
Control !

|

( 13C’ 15N) MS
Digestion |
I | I
Fractx\atlon 2. Precursor fragmentation

This is a must for methods to

MS/MS

Homogenization/Lysis

be used for routine analysis in

multiple sites

pairs for identification

P
®F

3. Use Precursor-Fragment
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Conclusions

" Targeted bottom-up proteomics approach can be applied for meat species
detection down to 0.1% w/w

®Quick and simple workflow for any laboratory

®"High resolving power (140.000 FWHM) was needed to obtain sufficient
selectivity

" |sotopically labelled peptides recommended for routine control

®Tested in routine — applying HPLC-Q Exactive
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Webinar: Thermo Fisher Scientific Meat Adulteration Resource

Video
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Meat Species Determination and Adulteration Sample Preparation for Meat Species
Detection using High-Resolution Mass Determination and Adulteration using High-
Spectrometry and Proteogenomic Strategy Resolution Mass Spectrometry
A new strategy is presented for identifying meat adulteration Learn how to carry out each of the sample preparation steps
and authenticity by merging bicinformatics and a targeted required for preparing meat samples prior to analysis by LC

bottom-up proteomic approach using LC coupled to Orbitrap coupled to Orbitrap HRAM MS.
HRAM mass spectrometry.
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