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(1) What is 2D Gel Electrophoresis?

This is a method for the separation and identification of proteins in a sample by displacement in 2 dimensions oriented at right angles to one another. This allows the sample to separate over a larger area, increasing the resolution of each component. A good, general, up to date reference on this subject is Görg et al, (2000), if you only have time to read one paper on the subject read this one.

(2) What is it used for?

2D gel electrophoresis is generally used as a component of proteomics and is the step used for the isolation of proteins for further characterisation by mass spectroscopy (see our on-line tutorial on protein identification) . In the lab we use this technique for 2 main purposes, firstly for the large scale identification of all proteins in a sample. This is undertaken when the global protein expression of an organism or a tissue is being investigated and is best carried out on model organisms whose genomes have been fully sequenced. In this way the individual proteins can be more readily identified from the mass spectrometry data. The second use of this technique is differential expression, this is when you compare two or more samples to find differences in their protein expression. For instance, you may be looking at drugs resistence in a parasite. In this case you might like to compare a resistent organism to a susceptible one in an attempt to find the changes responsible for the resistence. Here the sequence requirements of the organism are not as important, as you are looking for a relatively small number of differences and so can devote more time to the identification of each protein.

(3) How is it Performed?

Isoelectric focusing (IEF) is used in the 1st Dimension (Righetti, P.G., 1983). This separates proteins by their charge (pI).

SDS-PAGE in the 2nd Dimension. This separates proteins by their size (molecular weight, MW).

The procedure is known as ISO-DALT: iso for isoelectric focusing and dalt for dalton weight

(4) How is the pH Gradient Formed for the IEF Procedure?

(a) Ampholytes.

IEF pH gradients can be generated by adding ampholytes to an acrylamide gel. These are a mixture of amphoteric species with a range of pI values. They are used for carrier ampholyte IEF and in this case the gel may be pre-focused before sample application.

Ampholyte properties:

· Even conductivity 

· High buffering capacity 

· Soluble at isoelectric point 

· Minimum interaction with focused proteins 

(b) Immobilines.

Similar to Ampholytes but have been immobilised within the polyacrylamide gel producing an immobilised pH gradient or IPG that does not need to be pre-focused.

(5) Immobilized pH Gradients.

Useful reference: Righetti, P.G., 1990.

(a) Why use immobilized pH gradients for IEF?

They are more stable as the gel is plastic backed and the pH gradient is fixed. This leads to improvements in reproducibility as:

· they are mechanically strong 

· the pH gradient cannot drift 

Larger protein samples can also be applied without fear of gradient degeneration with some papers suggesting loads as high as 4mg on an 18cm strip. Because the strips come dehydrated, 'in-gel' rehydration (see 15 (a)) can be used to load samples into the gel, thus circumventing problems that may occur during conventional loading, which can be awkward to undertake.

(b) Disadvantages of IPGs.

Due to phenomena not completely understood yet, membrane and hydrophobic proteins can be poorly represented in the 2nd dimension, this is probably due to protein/gel interactions during IEF (Adessi et al., 1997). Some larger proteins may also be lost and it has been suggested that this is due to size exclusion when the proteins are loaded onto the gel. It has also been suggested that this problem is made worse by "in-gel" rehydration. These are definitely points to be aware of when undertaking this kind of work. The disadvantages there may be with IPGs though, are by far outweighed by the advantages that are to be gained and we use IPGs at all times.
(6) 2D Procedure.

(a) 1st dimension (IEF).

Three alternatives:

· Carrier ampholyte (CA-IEF) 

· Immobilized pH gradient (IPG-IEF) 

· IPG/CA-IEF, a combination of the above, now commonly used and generally lumped in with IPG-IEF. Here IPGs are used, but in this case CAs are added to the sample buffer. 

CAs can be beneficial in IEF of some samples, We use 0.5% ampholytes in most of our preps, however, some people use upto 2%.

(b) 2nd dimension (SDS-PAGE).

A variety of gel gradients, concentrations and different buffering systems are available, but as there is a great deal of literature available on this subject we will not discuss this. 

(7) Sample Preparation.

Sample preparation is a key factor in successful 2DE, with complete solubilisation and denaturation of sample proteins being the ultimate aim. 

(a) Pre-prep sample considerations.

Is the sample degraded? Use fresh tissue or sample and do not leave it on the bench. Remember, the final result can only be as good as the starting material. Make sure the sample looks alright, theres nothing better than your eyes for picking out potential problems.

(b) Contaminated?

Don't handle the sample, always use rubber gloves, clean glassware and equipment. We have found that it is fairly easy to inadvertantly contaminate samples with skin, hair etc from the operator and this is especially important when silver staining is used for protein visualisation. These contaminants, once identified, can act as landmarks, but generally are unsightly and undesirable.

Once again, contaminants will produce unreliable results and will complicate analysis of the completed gel.

(c) What sort of sample?

If you are a parasitologist, remember that the sample might be contaminated with host tissue. For example, tissue dwelling organisms such as Fasciola hepatica will be coated in host material and may also harbour more in their gut. Whatever your sample is, always be aware of possible contaminants.

(d) What does it contain?

What potential components are there that may complicate protein solubilisation or subsequent running of the gel. Does the sample have any unusual properties, for example high lipid or salt concentrations? In our experience some samples are relatively easy to run, whilst others can be much more troublesome. This often does not become apparent until it is too late and your 2D gel is a failure. Don't be put off, though, just learn from the experience and have another go, its all trial and error at first.

(e) Are there proteases?

Protease activity can vary greatly between organisms and their activities should never be ignored. Their presence in your sample should have a bearing on how it is handled, keep it cold if you can, freezing it is the best policy, either at -70oC or in liquid nitrogen. You need not thaw it until you place it in the sample buffer, where if necessary you can add protease inhibitors 

(f) Is it precious?

Is there a limited supply of sample. This will certainly influence the preparation technique used. If you can only muster a few hundred micrograms of your precious material its imperative that you don't waste any. Try to get into the habit of using sample volumes that reflect how much you will require for your work. As an example, if you have 50mg of sample and for arguments sake, say it has a 10% protein content, that means you have 5mg of total protein. If you add that sample to 1ml of buffer, that will give you 5mg/ml of protein. Now, say you want to add 2mg of that protein to a 17cm Bio-Rad IPG strip. To rehydrate that strip you will need 300µl of buffer, that means that even if you "in gel" rehydrate your sample you will only be able to add 1.5mg of protein. Once you have solubilised it in the sample buffer there is no way of concentrating it further and your precious sample with have been wasted.

(g) Whole organism or just a bit?

Do you want to look at a complete organism, or just one part. As a parasitologist I often get to use a wide range, from a small part of an organism to a whole population. Remember that if you are going to be looking at a small bit of an organism, make sure you use the same bit each time. If you are going to use a certain type of tissue try to standardise so each sample is as similar as possible. If you are looking at differences in cultures of organisms, make sure that the growth parameters used are tightly constrained and the only variables are the ones you are interested in.

(h) Individual organelles?

Specific organelles can be enriched by differential centrifugation (Storrie & Madden, 1990).

(i) Protein pre-fractionation?

In some samples a single protein or a small number may be present in such abundance that they mask many other proteins of interest. If this is the case then there may be no other course than to remove them from the sample. A number of methods are available. for instance, use of increasingly active detergents (Ramsby & Makowski, 1999) or increasingly denaturing buffers (Molloy et al., 1998). If you're only interested in certain proteins in you sample, for instance glutathione transferases, then you can always run it through an affinity column first before running them on a gel. Pre-fractionation isn't generally recommended if you wish to use the subsequent sample for differential expression experiments as any differences observed between samples might be due to these manipulations. 

(j) Mechanical tissue disruption.

· Sonication. 

· French press. 

· Percussion mortar. 

· Mortar and pestle. 

· Homogenisation. 

Whatever you decide to use, your sample size should be an important consideration. Also remember that sonification can generate a great deal of heat that could damage your sample. We use a liquid nitrogen cooled percussion mortar for larger samples and follow this with homogenisation and then sonication in a water bath sonicator. For small samples I have used a micro-homogeniser in an eppendorf tube and had perfectly good results. In general we are only looking at parasite tissue and find this fairly easy to disrupt, I imagine some plant or fungal material will be much harder to deal with. 

(8) Sample Solubilisation.

The preparation of sample for 2D electrophoresis generally requires the use of Solubilisation/Denaturation (SD) buffer. This is used not only to separate the proteins into individual components but also for their denaturation which ensures reliable running in the IEF. Allow time for SD buffer to work, as like many chemical reactions time is required for completion, especially reduction of proteins with DTT. This is best carried out on the bench at room temperature, don't put it on ice, it'll take longer and the urea in the buffer might come out of solution, be aware of potential protease activity though.

Hot SDS can be used to increase initial protein solubilisation. However, before electrophoresis it must be removed by competitive displacement in SD buffer. Post solubilisation TCA/acetone extraction may be required (Jefferies et al, 2000) to remove problematic components and this can be combined with SDS solubilisation. If you do use this method be aware that the subsequent protein pellet can be very difficult to resolubilise. We find that the addition of a small volume of 0.1M NaOH can be really useful in overcoming this problem. Start with a few microlitres and increase the volume until the pellet dissolves, agitating the sample as you go, but don't add to much.

Sonication may also help to increase the solubility of the sample, in this case we use a waterbath sonicator. 

(a) Ultracentrifugation.

This should always be undertaken to clarify the sample before IEF, particulates can cause smearing and may block gel pores. This technique is also very useful for removing unwanted components such as nucleic acids and some polysaccharides.

(b) SD buffer components.

The components of the sample buffers we use are listed below, obviously there are other reductants and detergents that can be used for this purpose.

· Chaotrophe: urea and thiourea 

· Reductant: DTT, Tris(2-carboxyethyl) phosphine (TCEP), tributyl phosphine (TBP) 

· Detergent: CHAPS, triton x-100 

· Ampholytes 

· Protease inhibitors 

Some researchers also add tris buffer.

(9) Chaotrophe.

Urea is the chaotrope of choice here, its action is through the disruption of hydrogen and hydrophobic bonds, the result of which has no effect on the intrinsic charge of the protein, making it ideal for IEF.

Urea (up to 9M) or urea (7M) & thiourea (up to 2M).

Handling problems: In solution urea forms an equilibrium with cyanate which can cause carbamylation of sample proteins. cyanate production is modulated by pH, temperature and ionic strength.

Precautions:

· do not heat. 

· buy good quality urea. 

· deionise using ion exchange resins. 

· always use fresh urea solutions or freeze solutions for later use (Means, G.E. & Feeney, R.E., 1971). 

Protein carbamylation results in bands of spots across the gel caused by charge change to a particular protein, these are termed carbamylation trains and result from the modification of the peptide amino terminus or the side chains of lysine or arginine by isocyanic acid. Many proteins seem to produce natural trains, when, for instance, they are post-translationarily modified at a number of sites and so exhibit charge heterogeneity. The trick here is to recognise when sample proteins have been modified by carbamylation, a phenomenon that is far from easy to identify. As long as you are careful though, carbamylation should not be a problem.

Thiourea doesn't seem to pose as many problems as urea and is recommended if you are struggling to solubilise your proteins.

(10) Reductants.

To fully denature proteins it is necessary to break any disulphide bridges that exist within a particular protein, or that link sub-units of a complex together. This is undertaken by the use of a reductant, of which only relatively mild reducing agents are required for conversion of the disulphide bonds of proteins to sulfhydryl groups. There are two major choices:-

Thiols-DTT, beta-mercaptoethanol:

· For- easy to handle, although Beta-mercaptoethanol is fairly pungent 

· Against- form an equilibrium with reduced disulphides, so higher concentrations are required. DTT also migrates towards the anode during IEF, depleting the basic end of the gel. 

Phosphines-TCEP, TBP (Herbert, 1998):

· For- stoichiometric and only low concs required 

· Against- difficult to handle, TBP spontaniously combusts in the presence of air. TCEP is easier to handle, but is very acidic, you can buy it in a neutral solution but this can add a great deal of salt to the buffer. 

(11) Detergents-Surfactants.

Detergents help to disrupt membranes, solubilise lipids and delipidate proteins bound to vesicles or membranes. Hydrophobic interactions can play an important role in the structural integrity of proteins and protein/protein interactions and detergents are ideal for breaking these interactions.

The detergents used in IEF must carry no net charge, so SDS is definitely out of the picture, unless being used for initial solubilisation. They must also be soluble in urea, even at higher concentrations. If they are only sparingly soluble in your buffer any problems may cause them to come out of solution with disasterous consequences. Solubilities vary and as an example we regularly use CHAPS at up to 4% and have no problems, we also use SB 3-10 which is much more problematic, we never use this at higher than 2%. 

To be useful the detergent must have strong solubilising characteristics and a great deal of work has been undertaken to find more efficient detergents in this respect (Chevallet et al., 1998). Membrane and strongly hydrophobic proteins can be a real problem and their resolution fuels much interest in this field.

(12) Ampholytes.

The addition of ampholytes to the solubilising buffer (0.5 to 2 % generally) is normally beneficial, aiding protein solubilisation, scavenging cyanate ions and helping in the precipitation of nucleic acids during centrifugation. It has also been suggested that ampholytes are useful in inhibiting interactions between sample proteins and the immobilines of the IPG strips. The ampholyte mixture used should reflect the pH of the IEF gel to be run. For instance, if an pH 3-10 IPG strip is used the ampholyte mix should also be pH 3-10. Ampholytes are stained by both silver and Coomassie and so should be removed from the gel prior to the staining step. Failure to do so may cause a large amount of streaking and smearing at the base of SDS-PAGE gel. We usually fix our gels initially in methanol/acetic acid/water for at least 45 mins to remove them. 

(13) Interfering Substances.

Key read: Rabilloud, T., 1996.

· Lipids 

· Nucleic acids 

· Polysaccharides 

· Salts 

· Proteases 

(a) Lipids.

Not generally a problem for us, except in the case of membrane bound proteins. Lipids can bind to proteins changing both their pI and MW. For this reason it is important to add adequate detergent. Delipidation by solvent extraction (Mastro & Hall, 1999) can be undertaken but may lead to excessive protein loss and may also increase sample variability. In some preparations lipids tend to form a zone at the top of the sample after ultracentrifugation that can be easily removed and discarded.

(b) Proteases.

Can be a severe problem. The denaturing properties of the SD buffer is often sufficient to inhibit the action of many proteases.

There are many types of proteases, so use of the correct protease inhibitors is important. It may be worth checking the literature for information on protease activity in your organism.

Peptide inhibitor cocktails are available that have a wide activity range. These inhibitors are peptides and as such will focus at their pI's, so do not add too much. SDS solubilisation followed by TCA/acetone treatment might improve samples but is not ideal as some proteases have increased activity to proteins denatured with SDS. Careful handling may be crucial, keep the sample cold at all times. But remember, SD buffers with high concentrations of urea should not be chilled too much as precipitation is likely. In our experience the actions and activities of proteases vary greatly between sample types, I have been told by botany people that their proteases are particularly aggressive. 

(c) Nucleic acids.

Can block gel pores and increase sample viscosity, they may also bind proteins, particularly nucleic acid binding proteins that will then be depleted and so will not be fully represented on the gel.

Removal: By ultracentrifugation; the higher density of nucleic acids ensures that they are removed without the loss of proteins.

Digest with nucleases; this though brings a number of associated problems. The addition of extraneous proteins, the possible addition of contaminating proteases and an increased complication in the preparation of the sample, we don't bother.

We always ultracentrifuge (30mins at 100 000 x g at 20oC) our samples before we use them anyway and in general find it quick, easy and non-problematic.

(d) Polysaccharides.

Uncharged (starch, glycogen) polysaccharides can block gel pores, inhibiting migration of sample proteins resulting in poor focusing. These can simply be removed by ultracentrifugation and should not pose any real problems.

Charged (mucins, dextrans) polysaccharides, on the other hand, bind protein due to charge and so can deplete some proteins. They can also be very difficult to remove.

Polysaccharides cause severe smearing that is evident with both silver and Coomassie staining. we don't have much experience with this problem though.

(e) Salts.

High concentrations of salt can pose problems to the integrity of the IEF gel. In our experience it can lead to zones of dehydration in the gel which result in loss of current within the strip. This problem can be especially bad with excretory/secretory products, if the sample has been lyophilised. In this case it is best to dialyse the sample before lyophilisation to remove as much of the salt as possible.

The first IPG strips I ever ran were major disasters due to high salt concentrations. The salts present in the buffer caused the amperage to soar resulting in deformation of the IPG strips which was so severe that the strips fused completely, halting the current . This was a very disturbing experience that I have vowed never to repeat. From this though, I learned 2 valuable lessons, 1) make sure the buffer ion concentration is kept to a minimum. These ions can come from the sample as well as the buffer you use. 2) Always, if at all possible, limit the current to 50mA per strip. If you can't limit the current then keep the voltage down until the amperage in the strips drops. The amperage always starts off high, but as the components in the strip settle down so too will the amperage, which should slowly drop off. Watch the above, you have been warned!

(14) Protein Estimation.

Obviously it is important to measure the concentration of proteins in a sample before it can be used. We use Bradford reagent (Sigma), this may not be the most precise technique available, but it is quick and easy and seems to give fairly consistent results. We also find that it is relatively unaffected by the SD buffers that we use. If you are making replicate gels using different preparations it is important to apply equal quantities of protein to each gel, if this is not undertaken then analysing the results can prove troublesome. Although this is without doubt an important point, it is also important to remember that many other things will influence the final amount of protein present on the SDS-PAGE gel. Guidelines for the quantity of protein to be applied can be found in the literature, though these are obviously only guidelines. What really makes a difference is the complexity of the sample, often this is not known until it has been run. With increasing numbers of proteins present in the sample the quantity of each of those proteins will diminish for any set overall concentration and so more sample will need to be applied.

15) Gel Electrophoresis.

 (a) IEF strips.

IPG strips are plastic backed, come in various lengths, but are usually 3.0mm wide and about 0.5mm thick when rehydrated. They come, dehydrated, in a variety of pH ranges. For use they must first be rehydrated, this is generally done under silicone oil. As mentioned earlier it can be beneficial to rehydrate the strips in the presence of your sample (in gel rehydration) and this is the loading method of choice in our lab and enables us to load large quantities of protein. We have used sample cups and found them to be a much less reliable than 'in gel' sample rehydration. We've found there can be problems with sample precipitation at the sample/gel interface and using the sample cups can be awkward and stressful. Other methods have been suggested for applying larger sample volumes (Sabounchi-Schütt et al, 2000) that seem fairly simple to use. 

(16) IEF Run.

A number of manufacturers provide equipment for this purpose including Amersham, Bio-Rad and others. All this equipment has a number of guidelines which must be adhered to. Temperatures of around 20oC should be used and this should be kept constant as it is a variable and may affect the pI of sample proteins. Increasing the temperature too much above this may result in carbamylation of the proteins. Much lower temperatures may cause precipitation of components such as urea. We find it advantagious to run our strips at low voltage first, then ramp up to higher voltages after the current has settled down. Remember to limit the run by amperage if possible, Bio-Rads Protean IEF is set to 50mA per gel as standard. Optimisation of your particular system will undoubtably be required, however, as there are so many variables you may be required to take some "leaps of faith." A good tip to ensure that the IEF is running correctly is to watch the bromophenol blue front carefully. It should slowly migrate toward the anode. If it does not migrate discretely or breaks down into a number of bands be very suspicious, you may have a problem. Remember though that the bromophenol blue migration cannot be used to measure the progress of the IEF run, it simply gives you a point of reference. Once the run is complete the strips can either be used immediately or frozen down at -70oC for use later.

(17) Strip Equilibration.

The strips must be equilibrated before they can be used for SDS-PAGE. This is necessary for a number of reasons (Gorg et al., 1988) which are reflected in the components of the equilibration buffer. As the second dimension is SDS-PAGE it is important that the proteins are treated with SDS to give them a negative charge. The equilibration step is normally carried out in two steps, both for between 10 and 15 minutes. In the first step DTT is added to ensure that any reformed disulphide bridges are reduced. The second step is the addition of iodoacetamide. This alkylates the proteins and reacts with any unreduced DTT. The reason for using DTT and iodoacetamide is discussed further in the peptide mass fingerprinting tutorial .

Equilibration buffer components: 

· SDS 

· Glycerol 

· Tris, pH 6.8 

· Urea 

· bromophenol blue 

To equilibrate the larger 17 or 18cm strips we use plastic pipettes. We cut the pipette end off, place the strip inside, add the buffer, then tape either end up to ensure that it does not leak.

A recent paper by Herbert et al. (2001) suggests that the reduction and alkylation of the sample proteins should be carried out prior to the equilibration step as suggested above. They suggest that the sample should be reduced and alkylated before the IEF step and point out that the pH of the equilibration buffer is far from ideal for the alkylation reaction. They also suggest that reduction without alkylation can disrupt the pH gradient and that due to poor reduction multiple spots can occur through “scrambled” disulphide bridges among unlike polypeptides. Galvani et al. (2001a) provide more information on this and suggests that SDS can strongly quench the alkylation reaction. Galvani et al. (2001b) also found that thiourea in the sample buffer reacts with and quickly depletes the iodoacetamide used for alkylation. 

Initially the equilibration suggested by Görg et al. 1988 was to stop point streaking on the second dimension gel, however, this equilibration method has continued and apparently become mainstream. We have always carried out the equilibrations as described and have not noted any major problems. We will, however, now try to reduce and alkylate our samples before any electrophoresis steps to see if there are any improvements. 

(18) SDS-PAGE Run.

In this lab, we generally use pre-poured plastic backed gels from Pharmacia which we use on their Multiphor system or we pour our own and use Bio-Rads Protean system. The Pharmacia gels save a great deal of time and are easy to handle, stain and blot. They also, on the whole, give good reproducible results. The Bio-Rad system is more time consuming but cheaper and gives you a chance to play around with gel concentrations etc. I'm pleased that we have the choice of systems as they both have their advantages.

I won't discuss the running of either of these systems as they both come with instructions, instead I'll just mention a few points that might stop you from making the same mistakes that I did.

With the Pharmacia system you can use their pre made gel buffer strips either side of the gel as your buffering system. When you handle these make sure that you use plastic gloves (as mentioned in the instructions somewhere), that's the ill fitting ones that get stuck in all your equipment. If you use latex, the gel will stick to the gloves and fall to bits, if you only have latex I suggest you put a little silicone oil on them to minimise the problem.

The Bio-Rad system works well, but the top of the gel can be very difficult to see when you try to lay your IPG strip on. I add a few microlitres of bromophenol blue/glycerol to the top of the gel so that I can see where it is. The other thing is to make sure that your spacers are the right width. We run 1mm thick gels and have no problems, the 0.5mm thick ones might prove difficult, not only for getting the strips in between the plates, but also the mechanical integrity of the gel might not be strong enough. Gels thicker than 1mm might suffer from resolution problems and an increase in the size of the spot fragments excised for mass spec work.

The first few times I ran the Bio-Rad system I had difficulties getting the plates apart and this resulted in breakage and tearing of the gel. One trick to overcome this is to siliconise one of the plates, whilst another is to split them apart under water.

(19) Staining.

· Zinc or copper 

· Coomassie blue 

· Silver 

· Fluorescent dyes 

(a) Zinc or copper staining.

This is a negatively staining technique. The background of the gel is stained whilst the proteins leave clear spots that can be visualised against an appropriate background. This is because zinc and copper does not stain SDS, with which the proteins have been coated, but do stain the gel matrix. This technique is quick, easy and cheap and as the proteins are not stained there is no problem with downstream processing.

Detects 6-12ng

In our experience these stains are unsuitable for thin, pre-poured gels as the gel matrix is too thin to give an effective contrast. We've tried this staining technique, but we rarily use it now.

(b) Coomassie Blue staining.

There are a large number of protocols for Coomassie staining and a number of different Coomassie stains. Generally, like the above staining technique, they are quick, easy and cheap although making up the stain initially can be a little messy. It is important to make up fresh stain regularly as it loses its sensitivity as it gets older. You can also opt for the more expensive ready made stains such as Bio-safe Coomassie (Bio-Rad), most companies (Pierce, Sigma) make these and suggest that they are more sensitive than conventional Coomassie stain, they also require much less destaining and are kinder to the environment. 

This stain is not specific and will also detect non protein components such as polysaccharides. Its sensitivity is fairly good and it is compatible with mass spectroscopy. At the moment we are using Bio-Safe and find it easy to use and perfectly sensitive enough.

Detect 36-47ng

(c) Silver staining.

This is normally a time consuming and expensive staining technique that requires good quality substrates, but can give excellent results. Just lately a lot of new protocols have been described that are compatible with mass spectroscopy. We now use a technique previously described by the Aebersold Protein Laboratory and find it gives good staining with adequate mass spec results. If you wish to learn more there are some good reviews available (Rabilloud, 1990; Rabilloud, 1994) that explain the different methods available.

The great advantage of this type of staining is its sensitivity, however like Coomassie stain it suffers from lack of specificity. It also suffers from a lack of dynamic range, making quantification of protein in spots highly unreliable, this can be noted in some negatively stained proteins that might appear on your gel.

Detect 0.5-1.2ng protein. 

It is suggested that plastic backed gels stain better with silver nitrate based staining techniques. We use Pharmacia's silver staining kit for many of our gels, this uses silver nitrate and gives good results with little background. A recent publication (Yan et al., 2000) suggests that modification of this kit and the protocol used makes the subsequent gel compatible for mass spec work. The problem with using these sensitive staining techniques for mass spec work is the headache that can be caused by the low concentrations of proteins present in the gel.

(d) Fluorescent stains.

There are many different types of fluorescent stain and most are easy and relatively quick to use. Some are fairly cheap and can be used more than once, others like SYPRO ruby are shockingly expensive. These dyes are said to be both selective and quantitative. That means that unlike silver the intensity of the protein spot can be directly correlated to the quantity of protein present. SYPRO ruby is also said to be as sensitive as silver staining. Obviously you will need some sort of gel documentation system as these stains can't be seen with a naked eye. There are disadvantages of this stain, as once more, with the use of SYPRO ruby the sensitivity issue puts the onus onto the mass spec. Also we often cut our spots out manually and to do this it helps if you can see them.

Detect 1-2ng

Read the product literature carefully, many stains cannot be used with Pharmacia's plastic backed gel system as the plastic backing or the gelbond is fluorescent at the excitation wavelength of the stain and so produces unacceptable background levels.

(20) General Considerations.

It's probably worth mentioning a few additional things that I have noted since I have been doing this work. 

· First of all, as I've mentioned earlier, the choice of SD buffer is an important factor in 2DE. The type and number of proteins that you wish to resolve will be effected by this choice. Generally soluble proteins are easier to solubilise in SD buffer and so do not require the buffer to have strong denaturing properties. On most gels these soluble proteins will represent a very large proportion of the spots observed, especially if the gel is of broad pH range (See figure 1 below). This means that if you want to run a sample on a pH 3-10 gel, you may find a strongly denaturing buffer gives you no better results than a much less denaturing one. On the contrary, in our experience these SD buffers, containing high concentrations of detergent and urea can be more troublesome to run than those containing lower concentrations. 

· If you rehydrate your IPG strip and then add your sample to it, check that the buffer used for rehydration and the sample buffer are compatible. It is preferable, in general to use the same buffer for rehydrating the gel as you use for solubilising the sample. Problems could occur, if say, your sample buffer contained 9M urea, whilst your rehydration buffer contained 5M urea. Now imagine you have a protein that is soluble in 9M urea but not in 5M, if you add that sample to the IPG strip the protein may precipitate in or on the gel causing problems with its running. 

· One question that I've been asked a few times in the past is what voltage to use for the IEF. It might seem that the higher you run your strips the better the results will be. The correct voltage for running strips will depend firstly on the length of the strip, Bio-Rad recommend 600 V/cm. This means that if you are running an 18cm strip you use a maximum of around 10 000V. Many powerpacks are unable to supply this sort of voltage and when I first started, the maximum that I could run was 3500V. All the same the results that I obtained were no worse than those I get now using much higher voltages on the Protean IEF machine. The major advantage with running these higher voltages seems to be in the time that it saves. If you want to run a gel for 100 000Vh, the maximum focusing time recommended by some people, it will take you 10 hours at 10 000V or about 28.5 hours at 3500V. 

Figure 1: A, B and C. The images below are 2D gels of the same sample (Caenorhabditis elegans) treated in a number of ways. It can be seen that although there is a difference between the use of the highly denaturing complex buffer and the milder, more simple one they are not particularly drastic. It is also observed that in all cases the major proteins observed are also found in the soluble sample.

	


  d
	Figure 1A. The proteins were obtained by sample solubilisation in tris buffer before centrifugation to remove insoluble proteins. The full image is 24K.
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	Figure 1B. This was obtained by the addition of sample to a simple buffer containing 8M urea,0.5% triton x-100, 20mM DTT and 0.5% ampholytes followed by centrifugation. The full image is 20K.
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	Figure 1C. This was obtained by the addition of sample to a complex buffer (7M urea, 2M thiourea, 4% CHAPS, 66mM DTT and 0.5% ampholytes), followed by centrifugation. The full image is 25K.
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