
Assessment of species-specific origin of protein 
constituents in feedingstuffs using a two-dimensional 

differential gel electrophoresis system

Introduction
Because epidemiological studies have associated bovine spongiform encephalopathy (BSE) to animal contaminated feed, the European Commission prohibited 

processed animal proteins from ratios used for farmed animals. However the European Commission is seeking to develop avenues to ease the ban. The 
deployment of new regulations requires analytical methods capable to allow species-specific identification of protein constituents in feed stuffs.

We thought to investigate whether a quantitative proteomics strategy based on the Difference Gel Electrophoresis (DIGE) technology would help to 
assess the species-specific origin of protein constituents in feeding stuffs.  This technique relies on the pre-electrophoretic labelling of samples with 
one of the three spectrally resolvable fluorescent CyDyes (minimal labelling) allowing multiplexing of samples into the same gel. It combines the 
resolution power of two-dimensional polyacrylamide gel electrophoresis with a high linear dynamic quantification range (104 - 105) and a detection limit 
down to about 100-150pg.

Results
Sample preparation and protein solubilization. 
Sample preparation remains a critical step in two-dimensional gel electrophoresis and, needs to be 
optimized for each type of sample. Therefore several standard lysis and solubilization protocols were 
tested: (i) strong alkali solution1, (ii) boiling in Sodium dodecyl surfate2 (SDS), (iii) precipitation in 
TCA/acetone and subsequent protein solubilization in 30 mM Tris-HCl, pH 8.5, 7 M urea, 2 M thiourea, 2% 
CHAPS3, and (iv) mechanical lysis via rapid agitation with glass beads4. These protocols were tested on 
different materials : hydrolysed poultry feed (Fig. 1, well 2, 3), cattle feed (method 1) (Fig. 1, well 4), 
poultry feed (method 7) (Fig. 1, well 5), pig (as ham) (Fig. 1, well 6) and grinded poultry starting material 
(Fig. 1, well 7). Precipitation in TCA/acetone and subsequent protein solubilization was found to be the 
most efficient extraction method, yielding mini-format gels without band tailing, and proteins comprising 
a broad range of molecular weights.  However under no solubilization conditions was it found possible to 
fractionate cattle feed extracts by 1D electrophoresis.
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Figure 1. 1D gel electrophoresis of TCA/acétone protein extracts from. hydrolysed
poultry feed (a,b), cattle feed (c), poultry feed (d), pig (e), grinded poultry starting
material (f).
1.Mark12 unstained standard, Invitrogen ; 2. Molecular mass : Page RulerTM

Unstained Protein Ladder, SM0661, fermentas

Figure 2. 2D gel electrophoresis of total protein extracts of grinded poultry starting material

as single components (A,B) or as a mix in a 1% or 0.5% ratios (C , D).

Total protein extracts of grinded poultry starting material (A) and pig (B) were
labeled with Cy2 and Cy3 respectively.

Figure 3. Relative protein quantitation using DeCyder Differential In-Gel Analysis ) and Biological 
Variance Analysis  softwares.
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2D gel electrophoresis
Total protein extracts from pig and poultry starting material samples were further analysed
using 2D DIGE protocol. Proteins were labeled with Cydye using the supplier’s instructions
(GE healthcare) for minimal labeling. An IPGPhor instrument (GE healthcare) was used for
isoelectrofocusing with IPG strips (pH 3–10, linear gradient, 18 cm). Focused gel strips were
then loaded onto an SDS-PAGE Laemmli gel cast with 12.5% acrylamide.
The gels were scanned using a Typhoon 9400 Variable Mode Imager (GE healthcare).
Relative protein quantitation was performed using DeCyder Differential In-Gel Analysis
(DIA) and Biological Variance Analysis (BVA) softwares (GE healthcare).

With an initial protein load of 10µg, a total of about 2000  protein spots were detected in 
both the pig and the poultry starting material protein extracts (Fig. 2A, B). As expected the 
volume of the spots was proportional to the protein load  (Fig. 3A).
Then a differential analysis was performed using poultry and pig protein extracts in a 1% or
0.5% ratios (Fig. 2C, D). Although the protein samples are from two different species, a
significant fraction (about 80% ) of the two protein populations was found to comigrate
leaving 20 % of each protein population as potential markers for determining the species-
specific origin of protein constituents in feeding stuffs (Fig. 3B, C, D).
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Conclusion
These data confirm that the 2D DIGE technology could be exploited to determine  the 
species-specific origin of protein constituents in feeding stuffs .
However further work is needed to :
- optimize sample electrophoretic fractionation (pH gradient, electrophoretic conditions, 
reduce sample complexity,…);
- determine the detection limit  (minimal versus saturation dyes );
- determine the protein variability among samples of various origins;
- characterize multi-components protein mix;
- define  conditions  for storing 2D gels in a searchable databank building up.
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