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ABSTRACT 

The polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate is one 
of the most used method for separation and identification of proteins in biochemistry 
laboratories. The time of the total analysis and the sensitivity of this technique are 
important parameters for optimal activities in this field. The purpose of this paper is to 
improve the sensitivity, i.e. to obtain a stronger signal of the bands of separated proteins 
and to reduce as much as possible the total run of the method. For this, the composition 
of the running buffer and the potential applied to the electrodes was studied. The intensity 
of the color of the bands of separated proteins, transformed by GelAnalyser software in 
areas of peaks, was optimized by changing some parameters of the staining and 
destaining procedures.  
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1. INTRODUCTION 

One of the most used technique to study the separation and to identify proteins is 

polyacrylamide gel electrophoresis (PAGE) in the presence of sodium dodecyl sulfate (SDS). 

This method is rapid, simple and have a good sensitivity. The principle of separation of 

proteins is that in the presence of SDS, that bind to the hydrophobic part of the protein 

molecules, the proteins become negatively charged due to SO3
- groups of SDS molecules. In 

an electric field, the proteins covered with SDS will migrate towards positive electrode, 

irrespective of their initial charge. The velocity of the migration of proteins covered with SDS 

will depend mostly on the molecular mass of the polypeptide[1,2].  

The proteins separated on the gel (SDS-PAGE) in order to be detected have to be colored. 

There are several methods of staining the proteins in the SDS-PAGE gels: coloration with 

Amidoblack[3], Coomassie Brilliant Blue[4,5], Silver stain[6,7], fluorescent dyes[8], negative 

stains[9] with organic dyes[10] or with copper chloride[11], zinc chloride[12], potassium 

acetate[13], and many others. 

Most of the methods used to color the proteins stain also the gel matrix. A destaining 

procedure is required to clear the gel and to reveal with high contrast the proteins bands. Most 

of the destaining methods use hazardous solvent like methanol and / or acetic acid[4].  

In this study we focus on the optimization of the staining / destaining procedures, aiming 

to reduce the number of solutions used for these steps and the total time for coloration / 

discoloration of proteins bands.  

 

2. MATERIALS AND METHODS 

All chemicals used in this study were of analytical grade or purer. Most of them were 

bought from Sigma (Redox Lab Supplies Com S.R.L,Bucharest, Romania): Tris (#77-86-1), 

Glycine (#56-40-6), Sodium docecyl sulfate (#151-21-3), Tris-HCl (#1185-53-1), Glycerol 

(#56-81-5), 2-Mercaptoethanol (#60-24-2), Bromophenol Blue (#115-39-9), Bovine serum 

albumin (#9048-46-8), Acrylamide (#79-06-1), N,N′-Methylenebis(acrylamide) (#110-26-9), 

N,N,N′,N′-Tetramethylethylenediamine (#110-18-9), Ammonium persulfate (#7727-54-0), 

Coomassie Brilliant Blue (#6104-58-1), Acetic acid (#6104-58-1), Ispropanol (#67-63-0) 

The electrophoresis was run in a Mini-protean III cell (Bio-Rad) at a constant voltage of 

200V per slab gel using a Power PAC 300. Other items used were: casing gel mold, 8x10 cm 

glass plates. 

Buffers preparation. Running buffers = 250 mM Tris, 1.92 M Glycine, 1% SDS, pH 8-

8.5, made as 10 times concentrated (10X) stock solution, comparing with the working 

solution and sample buffer = 250 mM Tris-HCl, 25% Glycerol 1M 2-Mercaptoethanol, 0.05% 
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Bromophenol Blue, pH 6.8. Before electrophoresis, the running buffer was diluted to desired 

concentration. 

Samples preparation. For comparison reasons, all the analyzed samples have contained 

bovine serum albumin (BSA) at 3 mg/mL in phosphate-buffered saline (PBS) and before 

running the solutions were diluted 1:2 with sample buffer. 

Polyacrylamide gels preparation. In all the experiments from this study, 10% 

polyacrylamide with an acrylamide:BIS ratio of 30:0.8 separation gels (100 mm×80 mm×0.75 

mm) and 4,5% stacking gels, prepared after Laemmli [14] with small modifications, were 

used. For 10% separation gels there were mixed 2.78 mL dH2O, 3.75 mL 1 M Tris HCl (pH 

8.8), 100 µL 10% SDS, 3.33 mL acrylamide/bis-acrylamide (30%/8%), 100 µL TEMED and 

30 µL 20% APS. To prepare the stacking gels the following solutions were mixed: 3.645 mL 

dH2O, 625 µL 1 M Tris HCl (pH6.8), 50 µL 10% SDS, 830µL acrylamide/bis-acrylamide 

(30%/8%), 5 µL TEMED and 15 µL 20% APS.  

Staining / destaining the gels. The gels were immersed in solution A (0.05% CBB, 25% 

isopropanol, 10% acetic acid), heated for 30 seconds in microwave oven, shacked for 15 

minutes at room temperature. Then the gels were immersed in solution B (0.05% CBB, 10% 

isopropanol), heated 30 seconds in microwave oven and heated again for 30 seconds but in 

solution C (0.002% CBB, 10% acetic acid). For destaining it was used a solution of 10% 

acetic acid (solution D) in which the gels were shaken for 15 minutes. 

Gels documentation. After migration, gels were stained, photographed and the images 

were analyzed with GelAnalyzer software (http://www.gelanalyzer.com/). This software was 

used to transform electrophoretic bands into peaks and to calculate theirs areas. It was also 

used to measure the distance of migration of various peaks and to calculate Rf or to estimate 

the molecular weight of proteins.  

 

3. RESULTS AND DISCUSSIONS 

In Figure 1 a typical analysis of an image of SDS-PAGE gel is presented. This software 

transform the bands of colored proteins into peaks and the quantity of dye associated with one 

band into area of that peak, considered as conventional units (pixels). 

This software is useful to create calibration curves and, based on them, to estimate the 

quantity of the protein from a band. For example, in Figure 2 there is presented the calibration 

curve that make a correspondence between the quantity of the protein loaded on each lane and 

the areas of the peaks of each lane (the software name the area of the peak as raw volume and 

the conventional units are in pixels). The correlation coefficients of such calibration curves 

were better than 0.99 for proteins with molecular masses ranging from 12 until 116 kDa. 
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Figure 1. The main panels of GelAnalyser software. Panel A - the image of the entire 
electrophoresis gel. Panel B – the bands from the selected lane from panel A are 
transformed in peaks and their area are computed in panel C, as raw volume 
(conventional units). Based on the molecular weights of the markers, in panel D, the 
correspondence between the molecular mass and the migration (as Rf) of the protein is 
presented.  

 

Figure 2. Variation of peak areas (color intensity of bands) on quantity of protein loaded 
per lane. 
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In order to reduce as much as possible the total running time of electrophoresis, there 

were studied the influence of the composition and concentration of the running buffer. As 

Figure 3 shows, at buffer concentration higher than 1X the migration of protein is higher than 

when weaker buffers are used. Considering this, the following experiments were realized with 

running buffer having the concentration 1X (normal dilution).  

 

 

The main objective of this study was to improve or to optimize the steps of the staining 

procedure of the gels. The most used protocol to stain the proteins separated by SDS-PAGE is 

staining with Coomassie Brilliant Blue R-250 (CBB) dye[15]. Currently, there are two type of 

procedures to stain the SDS-PAGE gels for proteins using Coomassie Brilliant Blue, the so 

call “classic” method, when the gels are stained overnight[5] and the “rapid” technique[4], 

when the gels are stained only several minutes. There are authors that have concentrated their 

efforts to reduce the time of the staining step and other to reduce the destaining phase[16].  

For staining stage, there are necessary three solutions: solution A (0.05% CBB, 25% 

isopropanol, 10% acetic acid), solution B (0.05% CBB, 10% isopropanol), solution C 

(0.002% CBB, 10% acetic acid). For destaining, usually, it is used only a solution of acetic 

acid (solution D is10% acetic acid). 

In the “rapid” method the gel is immersed in solution A, heated in microwave oven for 30 

seconds and kept at room temperature 15 minutes, under constant shake. After 15 minutes, 

the gel is immersed in solution B and for 30 seconds is heated in microwave oven. The same 

operations are performed with C. The gel colored in this way is destained with solution D, 

heating it again in microwave oven for 30 seconds and that kept at room temperature for 15 

minutes, on shaker, with a paper napkin placed on gel. In total, this “rapid” procedure takes 

around 40 minutes. 

 

Figure 3. The dependence of Rf of protein on the running buffer concentration 
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In order to speed up the staining / destaining procedures, we have applied the strategy to 

omit one-step at the time. From the standard “rapid” protocol, we have omitted one step and 

recorded the results, in this case the area of the peaks. Based on the results presented in 

Figure 4, we have concluded that the solution A cannot be omitted from the staining protocol, 

but the other two (i.e. solution B and C) may be absent, without decreasing very much the 

areas of the peaks. 

 

 

Renouncing to use the solutions B and C, we have monitored the influence of the time of 

coloration of the gels with solution A. From Figure 5 one can see that a staining time of 15 

minute will be enough to properly stain the gels. Larger time intervals will not increase the 

intensities of the bands and for the rest of the experiments the staining procedure was to heat 

the gels for 30 seconds in microwave oven and to color the gel for 15 minutes, under constant 

shaking.   

Due to the fact that SDS inhibits the staining[17], we have introduced before the staining 

procedure a step in which the gel was simply washed with water. First the gel immersed in 

water was heated in microwave oven for 30 seconds, and then the gel was shaken for 1 to 10 

minutes. As it can be seen from Figure 6, the stage when the gel was shaken in water can last 

only 3 minutes to obtain the best results. 

 

Figure 4. The dependence of the areas of the peaks on the use of the staining solutions (for 
details see the text)
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Figure 6 The influence of the time of washing step applied to the gel before 
staining procedure, to washout the SDS 

 

Figure 5. The dependence of the areas of the peaks on the time used for staining procedure, 
when only solution A was used for coloration of the gel. 
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The attempts to optimize or reduce the time of destaining procedure were addressed to 

observe the influence of various combination of destaining solutions, made from acetic acid, 

methanol, water or combination of them. From the results presented in Figure 7 one may see 

that comparing with the published procedure[18] when the destaining was carried out with 

mixture methanol / acetic acid (50% / 10%), better results, i.e. higher areas of the peaks, are 

obtain when the concentrations of these solvents are lower. These results conduct us to the 

idea to use only water for destaining and, indeed, the best results are obtained in this case. For 

this, we have used in the remaining experiments, water as solvent for destaining step. The gel 

was immersed in water, heated in microwave oven for 30 seconds and shaken for 15 minutes 

at room temperature. 

 

 
 

This last step was further improved by changing the water repeatedly. In fact, the 

importance of repeating the washing procedure for destaining is presented in Figure 8, when 

the first figure represent the total time of the destaining procedure and the second figure 

represent the time of each step when the gel was shaken at room temperature. For example, 

the best results are obtained when the gel was maintain in water, after heating in microwave 

oven for 30 second 5 minutes and this procedure was repeated for 3 times (5x3).   

 

Figure 7. The influence of composition of destaining solution on raw volume (peak area) of 
protein bands.  
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The SDS-PAGE is an analytical technique used very often for protein separation. The 

time of the total run and the sensitivity of this technique are important parameters for the 

productivity in biochemistry laboratories. In this study, we have optimized the staining / 

destaining procedures. 

4. CONCLUSIONS 

The steps of staining procedure of the gel obtained in polyacrylamide gel electrophoresis 

in the presence of sodium dodecyl sulfate were studied and optimized. The staining procedure 

was reduced from 3 steps to only 1 and the time from 40 to 30 minutes. Beside this some 

reagents and solutions were also eliminated that conducts to reduction of the price of analysis.  

The influence of the concentration of the running buffer and of the voltage applied to the 

electrodes was also studied. By increasing the voltage to 170 V the running time of the 

electrophoretic separation was reduced from 90 to 60 minutes.  
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Figure 8  The influence of washing / destaining step on the areas of the peaks (bands): 
first figure represent the time when the gel was shaken in water, after a 30 seconds heating 
in microwave oven and the second figure is the number of repeated steps. 



Gușă M.E. et al. /New Frontiers in Chemistry 25 (2016) 115-124 124 

REFERENCES 

1. Hames B.D. Gel Electrophoresis Of Proteins, A Practical Approach. 3 ed: Oxford 
University Press; 1998. 

2. Stringer R. ELECTROPHORESIS | Overview. In: Poole P.W.T. ed, Encyclopedia of 
Analytical Science (Second Edition). Oxford: Elsevier; 2005: 356-363. 

3. Gershoni J.M.; Palade G.E. Electrophoretic transfer of proteins from sodium dodecyl 
sulfate-polyacrylamide gels to a positively charged membrane filter. Anal Biochem 1982, 
124, 396-405. 

4. Hervieu G. A quick and safe method for destaining Coomassie-Blue-stained protein gels. 
Technical Tips Online 1997, 2, 94-96. 

5. Fazekas de St Groth S.; Webster R.G.; Datyner A. Two new staining procedures for 
quantitative estimation of proteins on electrophoretic strips. Biochim Biophys Acta 1963, 
71, 377-391. 

6. Switzer R.C., 3rd; Merril C.R.; Shifrin S. A highly sensitive silver stain for detecting 
proteins and peptides in polyacrylamide gels. Anal Biochem 1979, 98, 231-237. 

7. Rabilloud T.; Vuillard L.; Gilly C.; Lawrence J.J. Silver-staining of proteins in 
polyacrylamide gels: a general overview. Cell Mol Biol (Noisy-le-grand) 1994, 40, 57-75. 

8. Ladner C.L.; Yang J.; Turner R.J.; Edwards R.A. Visible fluorescent detection of proteins 
in polyacrylamide gels without staining. Anal Biochem 2004, 326, 13-20. 

9. Candiano G.; Porotto M.; Lanciotti M.; Ghiggeri G.M. Negative staining of proteins in 
polyacrylamide gels with methyl trichloroacetate. Anal Biochem 1996, 243, 245-248. 

10. Sasse J.; Gallagher S.R. Staining proteins in gels. Curr Protoc Immunol 2004, Chapter 8, 
Unit 8.9. 

11. Lee C.; Levin A.; Branton D. Copper staining: a five-minute protein stain for sodium 
dodecyl sulfate-polyacrylamide gels. Anal Biochem 1987, 166, 308-312. 

12. Dzandu J.K.; Johnson J.F.; Wise G.E. Sodium dodecyl sulfate-gel electrophoresis: 
staining of polypeptides using heavy metal salts. Anal Biochem 1988, 174, 157-167. 

13. Nelles L.P.; Bamburg J.R. Rapid visualization of protein--dodecyl sulfate complexes in 
polyacrylamide gels. Anal Biochem 1976, 73, 522-531. 

14. Laemmli U.K. Cleavage of Structural Proteins during the Assembly of the Head of 
Bacteriophage T4. Nature 1970, 227, 680-685. 

15. Meyer T.S.; Lamberts B.L. Use of coomassie brilliant blue R250 for the electrophoresis 
of microgram quantities of parotid saliva proteins on acrylamide-gel strips. Biochim 
Biophys Acta 1965, 107, 144-145. 

16. Simpson R.J. Rapid coomassie blue staining of protein gels. Cold Spring Harb Protoc 
2010, 2010, pdb.prot5413. 

17. Lawrence A.M.; Besir H.U. Staining of proteins in gels with Coomassie G-250 without 
organic solvent and acetic acid. J Vis Exp 2009, DOI: 10.3791/1350,  

18. Towbin H.; Staehelin T.; Gordon J. Electrophoretic transfer of proteins from 
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. 
Proceedings of the National Academy of Sciences 1979, 76, 4350-4354. 

 


