
              Proceedings of the 2nd International Conference, The Federal Polytechnic, Ilaro, 10th – 11th Nov., 2020 

 

246  Ajayi, A. A. & Bamidele, J. O. 

EFFECT OF INOSITOL-P6 ON EQUILIBRIUM REACTION OF 5,5'-DITHIOBIS(2-

NITROBENZOATE) WITH OXYHAEMOGLOBIN DERIVATIVE OF PIGEON (Columba livia 

domestica) 

 

AJAYI, Adetola Abiola1 & BAMIDELE, Joy O1 

Department of Science Laboratory Technology  

Federal Polytechnic, Ilaro, Ogun State, Nigeria 

adetola.ajayi@federalpolyilaro.edu.ng1 

joy.bamidele@federalpolyilaro.edu.ng1 

 

Abstract 

This study aimed to determine the effect of Inositol-P6, (IHP) on pH and equilibrium constant, (Kequ), for the 

reaction of 5,5-dithiobis(2-ntrobenzoate), (DTNB) with pigeon Haemoglobin, (Hb). Hb samples were obtained 

from whole blood of pigeon by centrifugation and washed with saline. The red cells were later lysed and cell 

debris removed by centrifugation before dialysis against phosphate buffer (pH 7.40). The Hb was stored at 5°C 

before used. Equilibrium experiments were performed by adding 3 cm3 of a 50 μmol dm-3 of pigeon oxy- Hb 

solution into varying volumes of stock 28.87 mmol dm-3of DTNB and equilibrated at 25°C for 6 hours. The 

absorbance of these solutions were measured at 412 nm and substituted into a derived equation to determine the 

Kequ of the reaction. All experiments were carried out between pH 5.6 and 9.0 for oxy- Hb and equimolar 

inositol-P6-bound. Kequ exhibit pH dependence as it increases with an increase in pH from pH 5.6 - 9.0. Presence 

of inositol-P6 increases the affinity of oxy-haemoglobin for DTNB due to increase in value of Kequ for the 

reaction of DTNB with CysF9[93]β sulphydryl groups of pigeon haemoglobin in the presence of inositol-P6 

from pH 5.6-8.8. 

Keywords: Pigeon- Haemoglobin; sulphydryl groups, 5,5-dithiobis(2-ntrobenzoate), equilibrium constant, 
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Introduction 

Haemoglobin, (Hb), the vital metalloprotein that conveys oxygen from the lungs to the tissues and facilitates the 

return of carbon dioxide from the tissues to the lungs. In arterial blood, passing from the lungs through the heart 

to the peripheral tissues, haemoglobin is about 96% rich in oxygen (Dickerson & Geis, 1983; Bennett-Guerro et 

al., 2007). It makes up about 90 – 95% dry contents of the total contents of the red blood cells (Quigley et al., 

2004) and around 35-40% of the total content (Weed et al., 1963). It has also been found in certain strains of 

yeasts, moulds, annelids (Weber & Frank, 2001).  

Haemoglobin is a chromo-protein, its structure is such that it is made up of 94 percent of globins and 6 percent 

of prosthetic group (the haem, which contains the porphyrin ring) (Quigley et al., 2004). The globins part of 

haemoglobin is the polypeptide chain surrounding the haem group. As a tetramer, haemoglobin consists of four 

polypeptide chains (two identical alpha and two identical beta chains). The polypeptide chain is made up of 

sequence of the twenty common amino acids. An important amino acid found in haemoglobin contains –CH2SH 

group as its side chain, and the –SH group of the side chain is referred to as the sulphydryl or thiol group. The 

sulphydryl group can ionise by losing a proton, there by becoming negatively charged. This is referred to as the 

thiolate form. Most haemoglobin investigated to date, with the exception of that of tadpole, contains cysteine 

residues. The abundance, reactivity and the nature of sulphydryl group, coupled with its relationship with tertiary 

and quaternary states of haemoglobin make a well-studied amino acid residue (Antonini & Brunori, 1971; 

Okonjo et al., 2007). 

The reactivity of haemoglobin can be monitored through the reactivity of the sulphydryl group. For this purpose 

the CysF9[93]β sulphydryl group is the only group that is reactive towards 5,5-dithiobis-(2-nitrobenzoic acid) 

(DTNB). DTNB is a sulphydryl reagent which is particularly sensitive towards the environment of the 

sulphydryl group in haemoglobin. (Salinas et al., 1994) 

Material and Methods  

Preparation of Haemoglobin 

Pigeon blood was obtained by decapitation of live pigeon purchase from local market. The blood was collected 

into freshly prepared anticoagulant. The blood was centrifuged at 15,000 rpm for 20 minutes at 5oC using a 

refrigerated MSE High Speed 18 centrifuge. The sedimented red blood cells were washed three times with 
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isotonic saline solution (9.5 g/L NaCl) and the mixture was centrifuged at 10,000 rpm for 15 minutes after each 

washing. The sedimented (erythrocytes) was lysed by shaking it vigorously with an equal volume of ice-cold 

distilled water to yield a mixture of haemolysate solution and red cell debris. The mixture was further 

centrifuged at 15,000 rpm for 20 minutes to remove all stromal impurities and the haemolysate was decanted 

from the cake of cell debris. 5% w/v NaCI was added to the haemoglobin solution and the mixture left in a 

refrigerator for 20 minutes at 5oC after which the haemolysate was further centrifuged at a speed of 15,000 rpm 

for 20 minutes. Low molecular weight impurities contained in the haemoglobin were then removed by dialysing 

it in a 5000cm3 flask against 10 mmoldm-3 phosphate buffer ( pH = 6.8) at 5oC for three hours. Polyvinyl 

chloride dialysis tubing was used for dialysis. Dialysis was done three times (Beetlestone, 1975). 

Determination of Concentration of Oxyhaemoglobin 

The concentration of oxyhaemoglobin was determined by first passing the oxyhaemoglobin sample through a 

dintzis column to remove all endogeneous ions present. 0.1 cm3 of the deionized oxyhaemoglobin sample was 

added to 10 cm3 drabkin solution contained in a 10 cm3 standard flask, the absorbance of the cyano-

methaemoglobin formed by the reaction of the oxyhaemoglobin and the drabkin solution was taken at 540 nm 

wavelength on Cecil CE 2501 Bioquest UV/Vis Spectrophotometer. From this, the oxyhaemoglobin 

concentration was calculation using equation 1 below with molar extinction coefficient (per haem) at 540 nm of 

1.4 × 104 mol-1dm3cm-1 (Austin & Drabkin, 1935). 

 …………………..(1) 

Where A540 is the absorbance of the complex at 540nm, C is the concentration of haemoglobin, v is the volume.  

Preparation of stock DTNB solution for Equilibrium measurements 

The stock DTNB solution was prepared as previously described (Okonjo & Fodeke, 2006). 50 mmol/dm3 

solution of DTNB was prepared by weighing 0.495 g of the reagent and dissolving it in a 25 cm3 volumetric 

flask using 95% ethanol. This was made up to mark with the same solvent. The prepared solution was then 

titrated to a pH 6.5 with 0.20 mol/dm3 phosphate buffer of pH 8.00 ± 0.01. (Okonjo & Fodeke, 2006). This gave 

the stock 28.84 mmol/dm3 DTNB solution used in equilibrium experiments. 

Equilibrium Studies of the Reaction of DTNB with Pigeon Haemoglobin Sulphydryl Groups 

Aliquots (3 cm3) of 50 μmol (haem) dm-3 (25 μmol dm-3 in reactive sulphydryl groups) solution of 

oxyhaemoglobin in a buffers at a specific pH, ionic strength, 50 mmol dm-3, were pipetted into 21 clean, dry test 

tubes; and increasing volumes (4.0 – 120.0 mm3) of stock DTNB solution (28.84umol dm-3) prepared as detailed 

in (Okonjo & Fodeke, 2006) were added. The mixtures were stirred and equilibrated for 6 hours in a 

thermostatic water bath. The absorbance of each solution was read by Cecil UV/Vis spectrophotometer using a 

0.1 cm light path cuvette. The reference solution was adjusted to 100 percent (zero absorbance) by increasing 

the slit width of the spectrophotometer. The absorbance change, A412 nm, of each haemoglobin/DTNB mixture 

was then determined at 412 nm relative to the reference solution of zero absorbance. A molar absorption 

coefficient of 14,000mol-1 dm3 cm-1 was assumed for 5-thio-2-nitrobenzoate (TNB), the chromophoric product 

of the reaction. The TNB- concentration so determined was substituted into Eqn. 3 below to obtain the 

equilibrium constant, Kequ, of the reaction.    

Results 

  Variation of Equilibrium Constant with pH 

The reversible reaction between a sulphydryl group and DTNB may be depicted as:    

     

    …….(2) 

`  In Eqn. (2), PSH is haemoglobin with the CysF9[93]β sulphydryl in its protonated (unreacting) form; PS- is the 

corresponding (reacting) anion form in the cis-to-amino conformation; PS.ST is the mixed disulphide formed 

after the reaction of haemoglobin with  DTNB and in the cis-to-carbonyl conformation (Shaanan, 1983; Okonjo 

et al., 1989). TNB‾ is 5-thio-2-nitrobenzoate, the anionic, chromophoric product of the reaction; TNBH is the 

protonated form of TNB‾ ; QSH and QTNB are equilibrium constants for the ionizations of CysF9[93]β and 
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TNBH, respectively; kF and kR are the apparent second order forward and reverse rate constants, respectively; 

Kequ =   is the equilibrium constant for the formation of the disulphide, that is, the DTNB reaction step… 

Eqn. 3, the equation relating Kequ to the concentrations of the species In Eq. (2), has been derived in detail 

previously (Okonjo & Fodeke, 2006). In eqn. (3) [P]total refers to the total haemoglobin concentration in terms of 

reacting sulphydryl groups. 

  Kequ 

 

   

+ +
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+ +
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Figure 1a 

A typical absorption spectrum of stripped pigeon oxyhaemoglobin in phosphate buffer pH 7.2 (ionic strength 50 

mmoldm-3, added salt, NaCl) at the onset of the kinetics (i.e., before the addition of DTNB); [Hb] = 10 μmol 

(haem) dm-3 ) 

The wavelength and the corresponding absorbance value of the soret peak (the peak with the highest absorbance 

value) are shown at the bottom of right corner of the spectrum  
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Figure 2 

Reaction of pigeon haemoglobin with 5,5'-dithobis(2-nitrobenzoate) in the absence and presence inositol-P6. 

Variation of the equilibrium constant, Kequ, with pH: plots of –log10Kequ against pH. (a) oxyhaemoglobin in the 

absence of inositol-P6 (b) oxyhaemoglobin in the preence inositol-P6 (c) oxyhaemoglobin in the absence and 

presence inositol-P6. Conditions: 25oC; phosphate buffers, pH 5.6-8.0; borate buffers, pH 8.0-9.0. Total ionic 

strength, 50 mmoldm-3 (added salt, NaCl). Haemoglobin concentration, 50 μmol (haem) dm-3 (25 μmol dm-3 in 

reactive sulphydryl groups). 

Discussion 

Determination of the Equilibrium Constant, Kequ, for the Reaction of Pigeon With 5,5’-Dithiobis(2-

Nitrobenzoate) 

The absorbance of equilibrium mixture of DTNB and haemoglobin derivatives was corrected for dilution by 

DTNB. Thereafter, the concentration of TNB- produced in the reaction was calculated from the change in 

absorbance, assuming a molar coefficient 14,000 mol-1 dm3 cm-1. Thereafter, the equilibrium constant, Kequ at 
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different pH values was calculated by equation 3 written as a programme on the micromath scientist software 

(Salt Lake City, Utah).  

The –logKequ values were calculated and plotted against the pH for the pigeon haemoglobin derivative.   

Effect of pH on The Equilibrium Constant, Kequ, for the Reaction of DTNB with Stripped Pigeon 

Haemoglobin 

The dependences of the equilibrium constant on pH for the reactions of the oxyhaemoglobin with DTNB are 

presented in Figure 2a. 

From the data obtained it can be inferred that the equilibrium constant exhibits strong pH dependences, varying 

by about three orders of magnitude between pH 5.6 and 9.0 for the oxyhaemoglobin derivative.  

Effect of pH on the Equilibrium Constant, Kequ, for the Reaction of DTNB with Inositol-P6-Bound Pigeon 

Haemoglobin   

The dependences of the negative logarithm of the equilibrium constant on pH for the oxyhaemoglobin with 

DTNB in the presence of inositol hexakisphosphate is presented in Figure 2b.   

From the data obtained it is observed that the equilibrium constants exhibit pH dependence. The equilibrium 

constants increase as pH increases from pH 5.6 – 9.0. 

Effect of Inositol-P6 on the Equilibrium Constant, Kequ for the Reaction of DTNB with Pigeon 

Haemoglobin  

Addition of inositol–P6 has significant effects on the equilibrium of the reaction of DTNB with pigeon 

haemoglobin. Figure 2c shows the dependence of the equilibrium constant, Kequ, on pH for the pigeon 

oxyhaemoglobin with and without inositol–P6. The dependence of equilibrium constant, Kequ, on pH for the 

pigeon oxyhaemoglobin derivative in the absence (open circles) and presence (filled circles) of inositol 

hexakisphosphate. 

The presence of inositol-P6 increases the affinity of oxy-haemoglobin for DTNB. This was obtained by the 

increase in value of the equilibrium constant, Kequ, for the reaction of DTNB with CysF9[93]β sulphydryl 

groups of pigeon haemoglobin in the presence of inositol-P6 from pH 5.6-8.8.  
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