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1. Introduction

2.Materials and Methods

2.1.Preparation of human hemoglobin (Hb) used for Hp-Hb 
complex formation

This paper describes staining method for the H2O2-peroxidase activity of Hb-Hp complex 

(Hemoglobin-Haptoglobin) on polyacrylamide electrophoresis gel using N,N,N′,N′-

tetramethyl-p-phenylenediamine. Haptoglobin phenotyping is performed for many decades in 

biomedical research due to its relevant association with many clinical conditions. Various 

advanced techniques are available; however, peroxidase activity based staining is still in use.  

We evaluated the use of an alternative stain for peroxidase staining of Hb-Hp complex. This can 

be used safely in routine procedure for the identification of haptoglobin polymorphism.  

N,N,N′,N′-tetramethyl-p-phenylenediamine (TMPD) acts as an effective indicator of peroxidase 

activity on polyacrylamide electrophoresis gels. The test is easy to perform, rapid, sensitive, 

and reliable. The procedure produces vivid bright blue bands (Wursters blue) on a clear 

background.

Haptoglobin (Hp) a hepatocyte - derived serum α2-

Sialoglycoprotein, is a positive acute phase reactant with three 

major phenotypes: Hp 1-1, Hp 2-1 and Hp 2-2. It is a hemoglobin 

binding protein that plays a major role in protecting against heme-

driven oxidative stress. Studies have shown that the functional 

differences between these phenotypes have important 

consequences in a number of pathological disorders such as 

cardiovascular disease, autoimmune disorders, and infectious 

disease. Such differences making Hp phenotype determination of 

potential use in the clinical field [1, 2]. It is well established that 

Hp1-1 is a better antioxidant and binds more strongly with free 

hemoglobin than Hp2-2 [3, 4]. The increased antioxidant function 

of Hp1-1 is thought to confer protection from angiopathies; 

however, Hp2-2 is believed to be a major risk factor in several 

oxidative stress-related disease states [5]. Moreover, Hp 

phenotyping is widely used marker in human genetics and forensic 

medicine [6].

N,N,N′,N′-tetramethyl-p-phenylenediamine (TMPD) is an 

easily oxidizable compound that serves as a reducing co-substrate 

for heme peroxidases [7]. TMPD undergoes one-electron oxidation 

by the heme peroxidase to higher oxidation states (compounds, I 

and II) producing a highly colored product [8]. Moreover, TMPD is 

also used for the detection of peroxidases on polyacrylamide gels 

[9]. 

This study was conducted in the Department of Medical 

laboratories, College of Applied Medical Sciences, Qassim 

University, Kingdom Of Saudi Arabia. 

    Blood samples were collected from healthy volunteers under 

aseptic conditions. Ethical clearance was obtained from the ethical 

committee of Qassim University. Informed consent was taken from 

each volunteer. All fine chemicals of analytical grade were used 

from Bio-Rad and Merck. 

Hb was prepared with little modification of Linke [6]. Blood 

collected in heparanised tube from the healthy volunteer, 

centrifuged at 2500 rpm for 10 min and then the sediment red cells 

were washed five times, each time in 10 ml of phosphate-buffered 
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Figure 1 B – unknown sample

2.2.Polyacrylamide gel electrophoresis (PAGE): 

2.3.N, N.N'.N'-Tetramethylphenylenediamine (TMPD) staining 

for haptoglobin phenotyping:

3.Results

Several electrophoresis techniques [6, 10, 11, 12, 13], such as 

starch and polyacrylamide gels, were adopted to separate different 

Hp phenotypes. These methods took advantage of the affinity 

between Hp and Hb to form Hp-Hb complexes with different 

molecular sizes. The Hp-Hb complexes were subsequently 

detected using sophisticated staining methods like hemoglobin 

peroxidase activity and chemiluminescent assays [1, 14, 15, 16]. In 

a d d i t i o n ,  m e t h o d s  u s i n g  s p e c t ro p h o t o m e t e r,  [ 1 7 ]  

immunoblotting, [16, 18] isoelectric focusing capillary 

electrophoresis, [19, 20] high-pressure gel-permeation 

chromatography, [21] ELISA, [22], recently nanogold- enhanced 

electrochemical impedance spectroscopy [23] and Microchip base 

electrophoresis, [24] were developed. There also have been 

attempts to predict Hp phenotypes by detection of free 

hemoglobin concentrations in serum [25]. However, most these 

methods are time-consuming, expensive, or complicated.

Benzidine is a widely used peroxidase stain for Hp phenotyping. 

Benzidine is a diamine which causes mutations, and 

simultaneously it is carcinogenic [26, 27]. The safety of many other 

substitutes such as diaminobenzidine, o-tolidine, and others has 

been questioned [28]. Hence, the search for a safe alternative stain 

has been initiated for the identification of Hp phenotyping [29].

Recently, Coomassie blue is also used as an alternative stain for 

the identification of Hp phenotyping; however such method 

involves several steps before staining [10].

In the present experiment, we demonstrated that N, N, N', N'-

Tetramethylphenylenediamine (TMPD) is a suitable substitute for 

Benzidine in the identification of Hp phenotyping. The amount of 

TMPD added to the staining solution also is not critical. Small 

amounts added to the staining mixture by spatula, without 

weighing, gave excellent results. All of these facts point to TMPD as 

being a very simple and effective stain for peroxidases on PAGE 

gels. Moreover, M.J. Butler et al [9] used TMPD for peroxidase 

activity of Black yeast in native gel.  

saline (PBS, 0.1 M sodium phosphate, 0.075 M NaCl, pH 7.2). One 

milliliter of washed packed red cells sample was lysed with 9 ml of 

the distilled water for 30 min. This solution was centrifuged at 

10,000 g for 1 h; the supernatant was transferred in another tube 

and stored at -20°C in aliquots of 0.5 ml served as Hb stock 

solutions for the experiment. Hp-Hb complex solution was 

prepared by adding 2 -3 µL Hb solution to 10 µL of serum and 

mixed well for 5 min at room temperature. Then 10 μL of sample 

buffer (50% v/v glycerol and 0.001 w/v bromophenol blue) was 

added to each sample prior to running on the gel.

PAGE was performed with little modification of Chun-Yi Liau 

[10]. Native polyacrylamide gel electrophoresis (native-PAGE) was 

performed according to the Laemmli's method. A discontinuous 

native-PAGE under 140 V constant voltage condition for 2 hrs was 

used to determine the Hp phenotypes of human samples. The 

electrophoresis was performed using a protein vertical mini-gel 

electrophoresis system (Bio-Rad Mini protean III apparatuses; 

USA) with a thickness of 0.75 mm. Total polyacrylamide 

concentrations of 7.0% and 4% were used respectively for 

separation and stacking gels of native-PAGE. 

To stain for peroxidase activity 10 mg of TMPD (hydrochloride 

salt) was dissolved in 50 ml of 0.05 M Tris/HCl buffer (pH 7.0) 

containing 75 µL of 30% hydrogen peroxide. Then the solution was 

poured over 7% PAGE gels in a large glass tray. Bright blue bands 

appeared rapidly (usually within 2-3 minute, with little shaking 

was required to properly overlay the stain on Gel), and the stain 

solution was drained, followed by washing with distilled water to 

remove the excess stain. The formed bands appeared clearly 

against the unstained background. The bands were very distinct 

for different Hp phenotypes (figure 1) and identified and 

documented by photography against the view box. The stained 

bands gradually diffused, since Wursters blue is highly soluble.

Different Bands of Hp phenotypes were identified on PAGE gel 

using TMPD stain. Figure (1-A & 1-B) show different Hp 

phenotypes in known and unknown samples respectively using 

TMPD stain.                                                            

Figure 1 A known Hp samples          

Cathode (-)

Anode (+)
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Limitations
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5. References

This new staining procedure has several advantages over the 

previously described methods: (i) the carcinogenic risk to the user 

is reduced; since TMPD has been shown to be non carcinogenic 

when compared to Benzidine, (ii) The gel remains clear with little 

diffusion of the stained bands, and if re-overlay with stain solution 

resulting in higher sensitivity of staining and better resolution of 

stained bands. (iii) The stain is easily removed from 

polyacrylamide gels. Therefore, the same gel can be stained for 

peroxidase activity and subsequently stained [9].

To avoid the diffusion of bands, it is better to read and document 

the bands immediately after adding and proper immersing the gel 

in the stain solution. The stained gel cannot be dried for 

densitometry or other imaging instrument, only documented by 

photography.
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