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Lipoxygenases comprise a family of non-heme iron-containing enzymes that catalyze the stereospecific dioxygenation of 
polyunsaturated fatty acids with 1, 4-cis-cis-pentadiene structure. Hemoglobin, a heme iron-containing protein has been 
reported to have lipoxygenase activity but the assay conditions that could enhance the activity remain obscure. Therefore, 
establishment of optimum assay conditions for lipoxygenase activity of hemoglobin could allow modeling of hemoglobin as 
lipoxygenase. Hemoglobin was extracted from blood of an identified individual of genotype AA. The hemoglobin was 
dialyzed at 4 oC for 24 h against 50 mM Tris-HCl buffers (pH 8.5 and 7.2) and effects of sodium dodecyl sulphate (SDS) 
and linoleic studied at pH 5.0 and 7.2 with UV–VIS Titration Spectrophotometry. The results show that 3.3, 8.6 and 88.1% 
concentrations of met-hemoglobin were found in presence of 0.0 mM SDS at pH 5.0 and 7.2, 1.043 mM SDS at pH 7.2 and 
0.404 mM SDS at pH 5.0 respectively. Also, the difference spectra of hemoglobin in presence of linoleic acid showed 
positive peak at 285 nm which suggest the presence of oxodienes–a reaction product of hydroperoxidase activity of 
lipoxygenase. Formation of met-hemoglobin/met-myoglobin is highly correlated with lipid oxidation. Since highest 
concentration of met-hemoglobin (88.1%) was observed in presence of 0.404 mM SDS at pH 5.0, lipoxygenase activity of 
hemoglobin was enhanced in presence of SDS under these conditions. 

Keywords: Hemoglobin, Linoleic acid, Lipoxygenase, Met-hemoglobin, Oxodienes, Sodium dodecyl sulphate 

Lipoxygenase (Linoleate: Oxygen oxidoreductase,  

EC 1.3.11.12) is a dioxygenase that catalyzes the 

oxygenation of polyunsaturated fatty acid containing 
a cis, cis-1, 4-pentadiene system to hydroperoxide 

(fatty acid hydroperoxide). Gata et al
1 

observed that 

lipoxygenase from pig muscle has optimum pH of  
5.5 and more affinity for linoleic acid than linolenic 

acid and arachidonic acid. In mammals, fatty acid 

hydroperoxides are substrates for pathways that lead 
to leuketrienes or lipoxins, the potent messengers  

that are involved in inflammatory response
2
. 

Consequently, lipoxygenase inhibitors are major 

targets of the pharmaceutical industries as potential 
drugs against conditions such as arthritis and asthma

3
. 

The fatty acid hydroperoxides themselves may play  

a role in a variety of phenomena, including  
cell maturation and development of atherosclerosis

4
. 

Hemoglobin—an oxygen transport iron metalloprotein 

found in the red blood cells of vertebrates
5
 and tissue 

of some invertebrates has been shown to have some 
enzymatic activities

6
 of which lipoxygenase is one of 

them. Hemoglobin catalyzes at low concentrations, a 

qausi-lipoxygenase reaction with remarkably high 

substrate specificity. The activity of hemoglobin-
catalyzed oxygenation of linoleate is comparable with 

those of true lipoxygenase
7
. 

Hemoglobin has two transition states namely native 

and denatured states. External influence (chemical or 
physical agents) such as sodium dodecyl sulphate 

(SDS) can affect the force of interaction within a 

protein and unfold the protein slightly until a certain 

point is reached where the protein is denatured. The 
unfolded or denatured state may have significant 

implication in the enhancement of lipoxygenase 

activity of hemoglobin. Although the functioning of 
protein whether in vitro and in vivo, is associated with 

their denaturation which could be understood as the 

loss of the three-dimensional structure
8
 of the protein 

but there is a dearth of information on whether this 

can enhance enzyme activity or not. Some ligands 

such as SDS are detergents that disrupt protein 

folding
9
. It is used more often than any other 

detergent as an excellent denaturing or ‘unfolding’ 

detergent
10

 of proteins..ybbg. Therefore, the aim of 

the present study is to investigate the potential of 
lipoxygenase activity of hemoglobin enhancement in 
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unfolded and or denatured state which can pave way 

for modeling of hemoglobin as lipoxygenase for 

identification of lipoxygenase inhibitors which can 
serve as potential anti-inflammatory drugs. 
 

Material and Methods 
Materials—Sodium dodecyl sulphate (SDS), 

linoleic acid and other chemicals used were obtained 

from BDH, England and Sigma, Germany and were 

of analytical grade. All reagents were freshly prepared 
unless otherwise stated. 

Collection of blood sample—Blood sample (4 mL) 

was collected from an identified individual of 
genotype AA after informed consent, having obtained 

an approval for the study protocol from the Ethics 

Committee of the University of Nigeria. The blood 
sample was collected with an ethylene diamine 

tetracetic acid (EDTA) vail. 

Isolation and purification of haemoglobin—Blood 

was combined with cold normal saline in 50 mM  
Tris-HCl, pH 8.5 (wash buffer) in the ratio of 2:3 and 

kept at 8 °C for 10 min. The resulting solution was 

centrifuged for 10 min at 4000 rpm
11

. Thereafter, the 
supernatant was removed by aspiration. The same 

amount of wash buffer was introduced into the pellet 

and kept at 8 °C for 20 min. The above steps were 
repeated for 2-4 times until a clear supernatant was 

gotten. The clear supernatant was removed and the 

resulting pellet was made up to 5 mL using 50 mM 

Tris-HCl buffer, pH 8.5. The red cells were lysed and, 
5% NaCl was added to the resulting volume and 

centrifuged for 10 min at 4000 rpm. The crude 

hemoglobin was collected into separate vial and 
dialyzed at 4 

o
C for 12 h against 50 mM Tris–HCl 

buffer, pH 8.5. Same dialysis was repeated as  

above but at a pH of 7.2 using a freshly prepared 

hemoglobin. The dialyzed hemoglobin was collected 
and stored at -20 

o
C for further experiments. 

UV–visible titration—The hemoglobin (100 µL  

of 0.01 mM) calculated on heme basis using  
ε415 = 1.25×10

5
M

-1
cm

-1 
(ref. 12) was scanned from  

250 to 650 nm using JENWAY 6405 UV-VIS 

Spectrophotometer in absence and presence of 
different concentrations of ligands (sodium dodecyl 

sulphate, SDS and linoleic acid) in 50 mM buffers of 

pH 5.0 and 7.2 after appropriate buffer baselines. The 

titrations were done by addition of the hemoglobin 
(0.1 mL) in 4 mL cuvette containing a known volume 

of the buffer (2.1 mL for SDS and 2.3 mL for linoleic 

acid) then various volumes of the ligands (0 to 0.6 mL) 
corresponding to different in situ concentrations  

(0 to 1.043 mM for SDS and 0 to 0.400 mM for 

linoleic acid) were added in stepwise manner from 

stock concentration of the ligand (5 mM for SDS and 
2 mM for linoleic acid). This was rapidly mixed and 

scanned from 250 to 650 nm. Spectrum readings were 

recorded at each titration point (after each addition  

of the ligand solution). The results were analyzed by 
monitoring changes in absorbance at different 

wavelengths (275, 340, 415, 542, 560, 576, and  

630 nm) and concentrations of oxy-, deoxy- and  
met-hemoglobin were calculated according to 

equation 1-3 as reported by Reza et al
13

. 
 

[Oxy]=(1.0154 A576–0.2772A630–0.742A560)×10-4 mol  …(1) 
 

[Deoxy]=(1.335A560–0.7356A576–0.6254A630×10-4 mol  ...(2) 
 

[Met]=(2.6828A630+0.174A576–0.3414560)×10-4 mol  ...(3) 

 

Results and Discussion 

Interaction of hemoglobin with ligands—

Interaction of SDS or linoleic acid with hemoglobin 

causes change on the spectrum of hemoglobin. These 

changes involve increase or decrease in absorbance at 
wavelength(s) corresponding to soret band (415 nm), 

oxyhemoglobin bands (542 and 576 nm), aromatic 

band (275 nm), 630 nm, 340 nm; disappearance of the 
delta band (δ-band) (345-360 nm) including spectral 

shift (Figs 1 and 2). SDS caused spectral shift of the 

soret band from 415 nm to between 417 to 420 nm 

with disappearance of the δ-band. The spectral  
shift indicates the formation of low-spin derivative  

of hemoglobin
14

. According to Matsui et al
15

, spectral 

shift or decrease in the peak absorbance signifies 
structural transformation of the hemproteins.  

The increase in the peak absorbance of the aromatic 

band suggests that the protein is unfolding
16

. Increase 

in absorbance observed at 340 nm when SDS or 
linoleic acid was used as ligand can be referred to  

as hardness of the non-covalent bond between 

histidine of globin and heme iron of hemoglobin. This 
is because decrease in absorbance at this wavelength 

(340 nm) refers to the stretching or weakness of the 

non-covalent bond between histidine of globin and 
heme iron

17
. The decrease in absorbance observed 

from SDS concentration of 0.404 mM might be due  

to breakage of the non-covalent bond leading to  

its weakness (Fig. 1b).  Usually, hemoglobin has  
three conformational forms: Oxy-, deoxy- and met-

hemoglobin conformations. Interaction of hemoglobin 

with ligand can lead to conversion of hemoglobin 
from  one  conformational form to  another  which can 
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Fig. 2—Absorption spectra of HbA in presence of varying 
concentrations (0-0.4000 mM) of linoleic acid at (a) pH 7.2 and 
(b) pH 5.0. 

be monitored from the spectra of hemoglobin. For 
instance, the degree of conversion of oxy-hemoglobin 

to met-hemoglobin depends on the degree of 

unfolding of the protein which could lead to existence 

of a hybrid of low spin and high spin states as  
it appears from shift toward shorter wavelength of  

the soret band
17

. 

At a concentration of 0–0.1539 mM linoleic acid  
at pH 5.0, there was an observed shift in the soret 

band from 415–412 without the disappearance of  

the δ-band and the oxy-hemoglobin bands but at  
a concentration of 0.2222 mM, the band shifts to 

between 408-410 nm with disappearance of the  

δ-band. Observation of specie with maximum soret 

peak at 412 nm without disappearance of the δ-band 
suggests the presence of alkaline low spin ferryl 

derivative of hemoglobin while detection of specie 

with maximum soret peak between 408-410 nm with 
disappearance of the δ-band suggests the presence of 

acidic high–spin ferryl derivative of hemoglobin
14,18

. 

Also, decrease in the peak absorbance of the soret 

band were observed in 0–0.1539 mM linoleic acid but 
as from 0.2222 mM linoleic acid, the absorbance of 

the soret band increased in a concentration dependent 

 
 

Fig. 1—Absorption spectra of HbA in presence of varying concentrations (0-1.043 mM) of SDS at (a) pH 7.2 and (b) pH 5.0. 
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manner. Decrease in absorbance in the soret region 

occurs in parallel to formation of reaction products 

(conjugated diene hydroperoxide at 234 nm and 
oxodiene at 285 nm)

7
 while the increase in absorbance 

at 275 nm refers to dynamic motion of the studied 

protein and its deviation from normal structure and 

function
17

. Increase in the peak absorbance of the 
soret band in presence of linoleic acid pH 5.0 suggests 

that the heme moiety of the studied protein is being 

exposed at high lipophilic environment while increase 
in absorbance at 630 nm suggests presence of met-

hemoglobin
17

 which is formed probably by oxidation 

of ferrous iron (Fe
2+

) of hemoglobin to ferric iron 

(Fe
3+

)
 
as a result of the exposure of heme moiety. 

The difference spectra of hemoglobin in the 

presence of linoleic acid (Fig. 3) showed positive 

peak at 285 nm which suggests the presence of 
oxodienes- a reaction product of hydroperoxidase 

activity of lipoxygenase
7
. The difference spectra also 

showed negative trough at the soret band region of the 
hemoglobin in presence of linoleic acid at pH 7.2 

(Fig. 3a). This could be due to perturbation of the 

heme moiety which suggests that linoleic acid reacts 

with the hemoglobin at the heme region. Positive 
troughs observed at the soret region in the presence of 

linoleic acid, pH 5.0 (Fig. 3b) suggests the exposure 

of the heme moiety of the studied protein which can 
facilitate lipid oxidation. 
 

 
 

Fig. 3—Absorption difference spectra of HbA in presence of 
varying concentrations (0.08–0.4000 mM) of linoleic acid at  
(a) pH 7.2 and (b) pH 5.0. 

Effects of SDS on haemoglobin—SDS has 

increasing effect on the soret and aromatic bands of 

the studied protein at pH 5.0. The increasing effect  
of SDS at pH 5.0 on the absorbance peak of these 

bands reached maximum at 0.211 mM SDS and 

started decreasing at 0.404 mM SDS. Also observed 

were decreasing effects on these bands by SDS at pH 
7.2 (Figs 4 and 5). The increase in the absorbance 

peak of the aromatic band refers to dynamic motion of 

the molecule and its deviation from normal structure 
and function

17
 or unfolding of the studied protein

16,15
. 

This unfolding exposes the heme moiety and buried 

aromatic amino acids of the protein which explains 

the increasing effect of SDS on soret and aromatic 
bands of the studied protein. The ferrous iron (Fe

2+
) of 

 
 

Fig. 4—Changes in peak absorbance (275 nm) of aromatic band 
of hemoglobin in presence of varying concentrations (0-1,043 
mM) of SDS at (a) pH 5.0 and (b) pH 7.2. 

 

 
 

Fig. 5—Changes in peak absorbance (415nm) of soret band of 

hemoglobin in presence of varying concentrations (0–1.043 mM) 
of SDS at (a) pH 5.0 and (b) pH 7.2. 
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the exposed heme moiety can oxidize to ferric iron 

(Fe
3+

) to form met-hemoglobin
19

 and formation of 

met-hemoglobin is associated with lipid oxidation
20

. 
Figure 6 shows that interaction of SDS with 

hemoglobin decreased the concentration of  

oxy-hemoglobin and increased the concentrations of 

deoxy-hemoglobin and met-hemoglobin. However, 
concentrations of the met-hemoglobin and  

deoxy-hemoglobin decreased at SDS concentration of 

0.583 mM at pH 5.0. Decrease in oxy-hemoglobin 
concentration and increase in deoxy- and  

met-hemoglobin concentrations indicate that the  

oxy-hemoglobin is being converted to  

deoxy-hemoglobin which its iron (Fe
2+

) can oxidize  
to Fe

3+ 
to form met-hemoglobin (Fig. 6) while the 

decrease in the concentration of met-hemoglobin and 

deoxy-hemoglobin at SDS concentration of 0.583 mM 
and above indicates dissociation of the iron in the 

hemoglobin or that the oxy-hemoglobin in the 

reaction system is diminishing. Also, it can be 
calculated from Fig. 6 that 3.3, 8.6 and 88.1%  

met-hemoglobin are present in 0 mM SDS (pH 5.0 

and 7.2), 1.043 mM SDS (pH 7.2) and 0.404 mM 

SDS (pH 5.0) respectively. Chaijan
20

 noted that 
formation of met-hemoglobin is highly correlated 

with lipid oxidation. In vitro, ferrous iron (Fe
2+

) of Hb 

can undergo slow autooxidation to give Fe
3+

 Hb  

(met-hemoglobin) and superoxide. The fraction of 

met-hemoglobin which cannot transport oxygen  

in normal blood cells does not exceed 3%
12

. 
Therefore, the observed increase in met-hemoglobin 

concentration at 0.0 mM SDS could be associated 

with auto-oxidation of hemoglobin while 8.6 %  

met-hemoglobin in presence of 1.043mM SDS  
(pH 7.2) may be due to spatial contact of the heme 

moiety of hemoglobin with oxygen during the folding 

process. Since formation of met-hemoglobin is  
highly correlated with lipid oxidation

20,21
 and  

highest concentration of met-hemoglobin (88.1 %) 

was observed in 0.404 mM SDS pH 5.0, therefore, 

lipoxygenase activity of hemoglobin could be 
enhanced under these conditions. Since products of 

lipoxgenase catalyzed reaction such as fatty acid 

hydroperoxides are substrates for pathways that lead 
to leukerienes or lipoxins, potent messengers involved 

in inflammatory response. It is possible that modeling 

of hemoglobin as lipoxygenase under these conditions 
can pave way for identification of lipoxygenase 

inhibitors by assaying for lipoxygenase activity  

of hemoglobin in presence of lipoxygenase inhibitors. 

The inhibitors when identified can be useful as 
potential anti-inflammatory drugs. 
 

Conclusion 

The highest concentration of met-hemoglobin 
(88.1%) was observed in 0.404 mM SDS (pH 5.0) 

when compared with the concentration of  

met-hemoglobin of 8.6 and 3.3% in 1.043 mM  
(pH 7.2) and 0 mM SDS respectively. Formation of  

met-hemoglobin/met-myoglobin is highly correlated 

with lipid oxidation
20

 and highest concentration of 

met-hemoglobin (88.1%) was observed in presence  
of 0.404 mM SDS (pH 5.0), therefore lipoxygenase 

activity of hemoglobin could be enhanced under these 

conditions. Thus, hemoglobin could be modeled as 
lipoxgenase under these conditions. 
 

Acknowledgement 

The authors are grateful to Mrs. Francisca O. Eze 

of Dean’s office, faculty of Biological Sciences, 
University of Nigeria Nsukka for typing this 

manuscript. 
 

References 
1 Gata J L, Pinto M C & Maciaas P, Lipoxygenase activity in 

pig muscle: Purification and partial characterization, J Agric 

Food Chem, 44 (9) (1996) 2573. 
2 Wasserman M A, Smith E F, Underwood D C & Barnette M 

A, Pharmacology and pathopHysiology of 5-lipoxygenase 

 
 

Fig. 6—Concentrations of oxy-, deoxy-, and met-conformations 

of hemoglobin in varying concentrations (0 -1.043 mM) of SDS at 
(a) pH 5.0 and (b) pH 7.2 



INDIAN J EXP BIOL, DECEMBER 2012 
 
 

852 

products, in Lipoxygenases and their products (Academic 
Press, San Diego) 1991, 1. 

3 Valentine J S, Fuote C S, Greeberg A & Liebman J F, Active 
oxygen, in Biochemistry (Blackie Academic and Professional, 
London) 1995, 277. 

4 Schewe A & Kuhn H, Do 15-lipoxygenases have a common 
biological role? Tends Biochem Sci, 16(1991) 369. 

5 Maton A, Jean H, Charles W M, Susan J, Maryanna Q W, 
David L & Jill D W, Human biology and health (Englewood 
Cliffs, New Jersey, USA) 1993, 345. 

6 Paco L, Galarneau A, Drone J, Fajula F, Bailly C, Pulvin S & 
Thomas D, Catalase-like activity of bovine Met-hemoglobin. 
Interaction with the pseudo-catalytic peroxidation of 
anthracene traces in aqueous medium, Biotechnology J, 4 
(2009) 1460. 

7 Kuhn H, Gotze R, Schewe T & Rapoport S M, Quasi-
lipoxygenase activity of hemoglobin – a model for 
lipoxygenases, Eur J Biochem, 120 (1981) 161. 

8 Bezsudnova E Y, Zherdev AV, Ermolenko D N, Yakovleva I 
V, Sviridov V V, Popov V O & Dzantiev B B, Studies of 
peroxidase refolding in the presence of specific antibodies, 
App Biochem Microbil, 39 (5) (2003) 446. 

9 Garret R H & Grisham C M, Biochemistry 2
nd

 edition 
(Thomson Learning Inc, USA) 1999, 154. 

10 Parker W & Song P, Protein Structures in SDS Micelle-
Protein Complexes, BiopHysical J, 61 (1992) 1435. 

11 Denninghoff K R, Chipman R A & Hillman L A, 
Oxyhemoglobin saturation Measurements by green spectral 
shift, Optics Letters, 31 (7) (2006) 924. 

12 Gebicka L & Banasiak E, Flavonoids asReductants of ferryl 
hemoglobin, Acta Biochemica Polonica, 56 (3) (2009) 509. 

13 Reza D M,  Akbar M M, Parviz N, Hedeyat-Olah G & 
Sharokh S, Inhibition of    human hemoglobin autoxidation 

by sodium-n-dodecyl sulpHate, J Biochem Mol Biol, 35 (4) 
(2002) 364. 

14 Antonin E & Brunori M, Hemoglobin and myoglobin  
in their reaction withligands, in Frontters of biology  

(North-Holland Publishing Company Amsterdam London) 
1971, 234. 

15 Matsui M, Nakahara A, Takatsu A, Kato K & Matsuda N,  
In situ Observation of the state and stability of hemoglobin 

adsorbed onto glass surface by slab optical waveguide 
(SOWG) Spectroscopy, Int J Chem Biol  Eng, 1 (2) (2008) 
72. 

16 Schmid F X, Spectral methods of charactering  
protein conformation and conformational changes, in 
Proteinstructure: A practical approach (IRL Press  
New York) 1990, 251. 

17 Ibrahim M A, El-Gohary M I, Saleh N A & Elashry M Y, 

Spectroscopic studyon the  oxidative reactions of normaland 
pathogenic hemoglobin molecules, Romanian J BiopHys,  

18 (1) (2008) 39. 
18 Rao S I, Wilks A, Hamberg M & Ortize de Montellano P R, 

Thelipoxygenase activity of myoglobin,  J Biol Chem, 269 
(10), (1994) 7210. 

19 Voet D M & Voet J, Biochemistry 3
rd 

edition (Wiley John & 
Sons Inc. USA) 2004, 276. 

20 Chaijan M, Review: Lipid and myoglobin oxidation in muscle 
foods, Songgklanakarin J Sci Technol, 30 (1) (2008) 47. 

21 Kowalczyk A, Puchala MWesolowska K & Serafin E, 
Inactivation of human haemoglobin, Biochim BiopHys Acta, 
1774 (2007) 86. 

 


