Dear colleague,

Thank you for inquiring about the DIGE (Differential Gel Electrophoresis System) that was recently installed in the Protein Chemistry Laboratory here at Texas A&M University. The technology is available on a fee-for-service basis and we invite you to visit us to plan your experiments.

This flyer is intended to provide information regarding the technique including information relevant to project design as well as to offer advice on sample preparation. In addition, it is intended to help you better understand the usefulness of the technique as well as the limitations of the technique.

Summary of the DIGE Technology

DIGE (Differential Gel Electrophoresis) is designed to provide a quantitative component to proteomics experiments utilizing two-dimensional (2D) gel electrophoresis. DIGE can provide detection of changes in protein abundance (sometimes subtle) with statistical confidence while controlling for gel-to-gel variation and other variations of non-biological origin. Samples (controls and treated) are differentially labeled with spectrally resolvable fluorescent dyes (Cy2, Cy3 and Cy5) and co-resolved on a single 2D gel for direct quantitation. Using internal standards and experimental repetition, single and multi-variant analyses can be inter-compared with a relatively small number of coordinated DIGE gels.

2D-gel electrophoresis is capable of resolving thousands of protein spot features in a single separation (O'Farrell, P.H., "High resolution Two-Dimensional Electrophoresis of Proteins," J. Biol. Chem. 250, 4007-4021, (1975),). It couples first dimension separation by charge (Isoelectric focusing) with the second dimension protein separation by size (SDS-PAGE). It has been a popular method for differential-display proteomics on a global scale, but it has lacked the ability to directly quantify abundance changes. DIGE was first described by Unlu et al (“Difference gel electrophoresis: a single gel method for detecting changes in protein extracts”. Electrophoresis 18(11), 2071-2077 (1997)) and, using resolvable fluorescent dyes, adds an essential quantitative component to 2D-gel electrophoresis that, hitherto, have only been approachable using stable-isotope labeling.

DIGE technology can co-resolve multiple samples in a single gel which allows for direct relative quantification for a given protein without interference from gel-to-gel variation. Inclusion of a pooled-sample mixture as an internal standard (for a series of coordinated DIGE gels) further allows for a more complex and statistically powerful experimental design that can, not only, accommodate gel-to-gel variation, but also provide increased statistical confidence using Student’s t-test or ANOVA. Several considerations are important in proper experimental design and require careful planning. The end of this article includes several relevant references that the investigator is encouraged to study before meeting with the Director.
A flowchart of the process:

1. A planning meeting with the Investigator

2. Sample Preparation (Extraction and clean-up)

3. Preliminary 2D gel for quality control purposes.

4. Labeling (Cy2, Cy3 & Cy5)

5. DIGE 2D gel electrophoresis

6. Laser Imaging (Typhoon Imager)

7. Computerized Image Analysis (DeCyder software)

The results of the Analytical DIGE experiment can be used only to direct Peptide Mass Fingerprint experiments to identify proteins of interest using MALDI-TOF mass spectrometry. There is not enough protein, typically, with a 50 ugm load for protein ID purposes. In order to perform protein ID we have two alternatives: 1) a Preparative gel (containing up to 800 ugm of protein) is matched to the analytical gel images. Protein spots in the “pick” gel can be excised manually or robotically and processed using standardized in-gel digestion methods to obtain peptide mass fingerprints that can then be submitted to public databases for protein identification; 2) prepare the experiment so that all gels are ‘pick’ gels. This requires up to 600 ugm of each protein sample prior to labeling. This approach uses more protein but eliminates the need for the preparative gel, which is often difficult to accurately match to the project.
This process requires additional material and time. A typical flowchart of the process:

a) Preparative 2D gel electrophoresis/Fluorescent Staining (Deep Purple or SyproRuby)

b) Laser Imaging (Typhoon)

c) Coordination with analytical results

d) Robotic protein excision and digestion

e) MALDI-TOF mass spectrometry for Peptide Mass Fingerprinting

f) (In some cases, the need for a separate Preparative gel can be eliminated. See below.)

g) LC/MS/MS nanospray

Sample preparation

The key to success of any analytical measurement begins with sample preparation. Each sample must be approached as a unique problem that requires a unique approach for proper sample handling. This includes not only knowing what buffers were used in its isolation, but also the nature of the sample, how it was procured, how it was stored and what exogenous materials have been added that may hamper the analysis.

Considerations:

1. Almost any method of protein extraction can be used that will obtain the amounts of protein needed for the analysis.

2. Care should be taken to prevent proteolysis or unwanted post-translational modifications (or reversal of the modifications; phosphatase inhibitors, for example)

3. Care should be taken to remove DNA.

4. Care should be taken to prevent chemical modifications introduced by the sample preparations (oxidation, carbamylation, for example).

5. Protein concentration should be determined using a method that is compatible with the buffer components and concentration range of the sample.

6. The sample needs to be provided to the PCL in a concentration range of 5 – 10 mg/ml (to accommodate sample precipitation prior to labeling) in a compatible buffer (see below).
Buffer components to avoid:

1. Ionic detergents.

2. Primary amines.

3. Reducing agents.

4. Salt concentrations above 10 mM.

5. Glycerol.
The buffer of choice:

7M Urea/2M thiourea/4% CHAPS/30 mM Tris pH 8.5

Concentration:

5-10 mgm/ml

Amount of protein needed (after sample preparation):
13 cm strips (250 ugm per sample).

24 cm strips (600 ugm per sample)

Here is a typical time-line for a simple ANALYTICAL experiment:

Days 1-3:
Protein precipitation; solubilization in DIGE labeling buffer; protein estimation; qualitative analysis (SDS mini-gel).

Day 4:
Protein labeling (Cy2, Cy3 & Cy5); IEF.

Day 5-6:
Second dimension; imaging.

Day 7-8:
Computerized Image Analysis.

Day 8-9:
Report to the Investigator.
Here is a typical time-line for a PREPARATIVE experiment

Days 1-3:
Protein precipitation; solubilization in DIGE labeling buffer; protein estimation; qualitative analysis (SDS mini-gel).

Day 4:
Protein labeling (Cy2, Cy3 & Cy5); IEF.

Day 5-6:
Second dimension; imaging.

Day 7-8:
Computerized Image Analysis.

Day 8-9:
Report to the Investigator.

Days 10-30: LC/MS/MS mass spec analysis (depends on # of spots).
Things you should know about DIGE experiments.

1. You will likely do this experiment more than once.

2. This technique has analytical and preparative modules. The preparative module must be run if you intend to perform Peptide Mass Fingerprint or LC/MS/MS identification of proteins using mass spectrometry.

3. The preparative module does not work well for samples that are available in small amounts (see below).

4. DIGE is expensive (but the payoffs can be huge).

5. DIGE (as performed in the PCL) requires exquisite attention to the details of sample preparation and integrity. This requires a little extra time and preliminary work (protein extraction, protein estimation, analytical SDS mini-PAGE) before the actual labeling experiment (This saves time and money in the long-run). SHORTCUTS LEAD TO COMPROMISED RESULTS.

6. The simplest ANALYTICAL experiment (Control vs. Treated) will require ~200 ugm of protein from BOTH the Control sample and the Treated sample. (This will provide us with enough protein for Dye-swapping and a replicate set of Analytical Gels that includes an Internal Standard). An additional 350 ugm of each sample must be provided for a PREPARATIVE gel. For experiments where analytical gels are substituted by preparative gels, ~1.5 mgm of each protein must be submitted.

7. The entire ANALYTICAL process requires approximately two working weeks (Peptide Mass Fingerprinting or LC/MS/MS mass spectrometry not included).

Limitations to Proteomics experiments (Peptide Mass Fingerprinting)

Protein identification by mass spectrometry works best with samples from species that have annotated genomes or extensive EST databases. Matching by homology is very difficult and results in low confidence results. Sequencing by mass spectrometry has its limitations and is often not useful if at all possible.

Protein identification by MALDI-TOF mass spectrometry works best (>50% searchable spectra obtained) for abundant proteins (typically, detectable by Coomassie staining). Low abundance proteins (amounts detectable at mid-to-lower limits of fluorescent or silver staining techniques are VERY DIFFICULT, if not impossible, to identify in the service laboratory.

Interpretation of results can be difficult (confidence levels). Some knowledge of bioinformatics and/or biostatistics is useful.

Additional experiments to consider

Typically, the first global Proteomics experiments are designed to look at the entire Proteome (wide pH and MW ranges, for example). This is a good starting place, but it may be advantageous in subsequent experiments to look ‘deeper’ into the proteome by ‘zooming’ in on pH or MW regions of the proteome by using narrow pH range IEF, for example. This approach has at least two advantages. 1) It offers increased resolution of the protein spots for more accurate excision. 2) It usually allows more protein to be analyzed on the gels which increases the likelihood that the ‘target’ protein will be sufficiently abundant on the gel to be identified with confidence in the Peptide Mass Fingerprinting experiment. You should discuss this approach with the PCL staff when planning your DIGE experiments.

RELEVANT REFERENCES FOR ELECTROPHORESIS AND DIGE
DIFFERENCE GEL ELECTROPHORESIS (DIGE)

Unlu, M., Morgan, M.E. and Minden, J.S. (1997) Difference gel electrophoresis: a single gel method for detecting changes in protein extracts. Electrophoresis 18: 2071-2077.
DIGE; CY DYES AND EXPERIMENTAL DESIGN
Karp, N.Al. and Lilley, K.S. (2005) Maximising sensitivity for detecting changes in protein expression: experimental design using minimal dyes. Proteomics 5, 3105-3115.

Karp, N.A., McCormick, P.S., Russell, M.R. and Lilley, K.S. (2007) Experimental and statistical considerations to avoid false conclusions in proteomics studies using differential in-gel electrophoresis. Molecular and Cellular Proteomics, 6.8: 1354-1364.

Karp, N.Al. and Lilley, K.S. (2009) Investigating sample pooling strategies for DIGE experiments to address biological variability. Proteomics, 9: 388-397.

SDS POLYACRYLAMIDE GEL ELECTROPHORESIS

Laemmli, U.K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature. 227, 680-685.


Schagger, H. and Von Jagow, G. (1987). Tricine-sodium dodecyl sulfate-polyacrylamide gel electrophoresis for the separation of proteins in the range from 1 to 100 kDa. Anal. Biochem. 166, 368-379.

2-D GEL ELECTROPHORESIS
Tube Gel - Based 2-D Gel Electrophoresis
Anderson, N.G.,Anderson, N.L. (1978) Analytical techniques for cell fractions. XXI. Two-dimensional analysis of serum and tissue proteins: multiple isoelectric focusing. Anal Biochem. 85, 331-340.
O'Farrell, P.H. (1975) High resolution two-dimensional electrophoresis of proteins. J Biol Chem. 250, 4007-4021.
Garrels, J.I. (1983) Quantitative two-dimensional gel electrophoresis of proteins. Methods Enzymol. 100, 411-423.
Immobilized pH Gradient - Based 2-D Gel Electrophoresis
Bjellqvist, B., Ek, K., Righetti, P.G., Gianazza,E., Gőrg, A., Westermeirer, R., Postel, W. (1982) Isoelectric focusing in immobilized pH gradients: principle, methodology and some applications. J. Biochem. Biophys. Methods 6, 317-339.
Gőrg, A., Postel, W., Günther, S., Weser, J. (1985) Improved horizontal two-dimensional electrophoresis with hybrid isoelectric focusing in immobilized pH gradients in the first dimension and laying-on transfer to the second dimension. Electrophoresis 6, 599-604.
Gőrg, A., Postel, W., Günther, S. (1988) The current state of two-dimensional electrophoresis with immobilized pH gradients. Electrophoresis 9, 531-546.

IN-GEL DIGESTION PROCEDURES

Shevchenko, A., Tomas, H., Havlis, J., Olsen, J.V. and Mann, M. (2006). In-gel digestion for mass spectrometric characterization of proteins and proteomes. Nature Protocols 1: 2856-2860.

RELEVANT BOOK TITLES FOR PROTEOMICS

2-D Proteome Analysis Protocols

Edited by Andrew J. Link

Humana Press

19999

Proteomics in Practice

A laboratory manual of proteome analysis

Reiner Westermeier and Tom Naven

Wiley-VCH Press

2002

Proteomics Sample Preparation

Edited by Jorg von Hagen

Wiley-VCH Press

2008

