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Binding of dodecyl! trimethylammonium bromide (DTAB) to human and bovine hemoglobin and globin
samples has been investigated in 50 mM glycine buffer pH = 10, | =0.0318 and 300 K by equilibrium dialysis
and temperature scanning spectrophotometry techniques and method for calculation of average
hydrophobicity. The binding data has been analyzed, in terms of binding capacity cOngcklit ¢oefficient

(n4) and intrinsic Gibbs free energy of bindilyQ,,). The results of binding data, melting poifiit,X and

average hydrophobicity show that human hemoglobin has more structural stability than bovine hemoglobin
sample. Moreover the results of binding data analysis represent the systems with two and one sets of binding
sites for hemoglobin and globin, respectively. It seems that the destabilization of hemoglobin structure due to
removal of heme group, is responsible of such behavior. The results indicating the removal of heme group from
hemoglobin caused the depletion of first binding set as an electrostatic site upon interaction with DTAB and
exposing the hydrophobic patches for protein.
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Introduction structuré’® It has been shown that analyzing the binding
data of two sets of binding systems can reveal some
Hemoglobin (Hb), the circulating red pigment of blood, is additional structural informatiol:'* With respect to the
a heme protein and has a long evolutionary history as amentioned facts, in the present study the binding of dodecyl
oxygen transport proteft? Detail studies on normal as well trimethylammonium bromide (DTAB) as a cationic surfac-
as mutant hemoglobins have established a structure/functicant with human Hb and bovine Hb and their globins have
relationship for human hemoglobininterestingly animal been investigated. Calculation and comparison of thermo-
hemoglobins have amino acid differences at critical pointsdynamic parameters are accomplished in relation to
when compared to human Hb A. These discrepancy mastructural stability and the role of heme group in structural
suggest the differences in ability of hemoglobin samples fointegrity of Hb.
oxygen affinity.
The phenomenon of cooperativity in Hb arises from the Experimental Section
coupling between ligand binding processes and the inter-
action between globin and heme group, subunit chains within Materials. Hemoglobins and globins from human and
the tetrameric Hb molecule. Comparison between thermobovine, sodium azide, DTAB, glycine and orange |l dye
dynamic properties of Hb and globin of different vertebrateswere purchased from Sigma Ltd. Visking membrane dialysis
are therefore of considerable interest in defining the enertubing (MW cut-off 10,000-14,000) was obtained from SIC
getic states and transitions which may account for cooperEast Leigh) Hampshire, UK. 50 mM glycine buffer pH =
ative events. 10.0, | = 0.0318, has been used. All other materials and
Comparison between thermodynamic parameters of ioniceagents were of analytical grade. Double distilled water was
surfactants with Hb's and globins of different vertebrates camused in the preparation of solutions.
be helpful with respect to this purpose. It has been well Methods. Equilibrium dialysis was carried out at 300 K
established that most of the ionic surfactants can bind tasing Hb and globin solutions of concentration 0.02%(w/v),
native structure of globular protefrisand cause denatu- of which aliquots of 1 chwere placed in the dialysis bags
ration for them as well as provide the information about theand equilibrated with 2 chof DTAB solution covering the
native state in terms of its cooperativity, intrinsic stability required concentration range for 96 h, as explained previ-
and the nature of the forces required to maintain its tertiarpusly*?> All the measurements reported refer to DTAB
concentrations below the critical micelle concentration
*To whom correspondence should be addressed. E-mail: Moosa(f-M.C), the free DTAB concentrations are in equilibrium
@ut.ac.ir; Fax: +9821-6404680; Tel: +9821-6403957 with complexes and were assayed by the orange Il dye
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method"®

Spectrophotometry The Gilford as a temperature scann-
ing spectrophotometer (model 2400-2) was used for obtain
ing the thermal profiles of hemoglobin samples using wave
length of 280 nm for obtaining melting poinT.{ as a
criterion of protein stability. The scan was run at a rate of ]
K/min in a degassed buffer solution.

Theoretical calculation The average hydrophobicitygH
as a criterion of the protein stabififywas calculated by
means of summation of individual amino acid parameters
from Kyte and Doolittle scal®. Amino acid sequences were
obtained from Swissprot database for hura@01922) and
B(P02023) chains and boving(P01966) and3(P02081)
chains. The numbers in the parenthesis indicates the Swis
prot codes for each of subunits.

Results and Discussion

Figures 1 and 2 are the binding isotherms (the averag
number of DTAB ions bound per molecule of proteinds
a function of logarithm of the free DTAB concentration
[DTAB]: at specified conditions) of hemoglobin-DTAB and
globin-DTAB interaction respectively.

For analyzing the binding data, the concept of Wyman

binding potential [T(P, T, ti, L2,...) which is at pressure P
and temperature T relatesu@nd chemical potentigly as®

- g (1)
' wﬂiDT,P,,ui,i
the homotropic second derivative of the binding potential

with respect to chemical potential of ligand for ideal solution
is as follow:
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Figure 1. Binding isotherms (average number of bound DTAB to
one macromoleculey against logarithm of free concentratioh o
DTAB) of Bovine (00 ) and humanm{) hemoglobins on interaction
with DTAB in 50 mM glycine buffer, pH=10 and 27C. Eah
experiment in equilibrium dialysis nteid repeated three times and
the data were consistently reliable.
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Figure 2. Binding isotherms of bovine{( ) and humanm) globin
on interaction with DTAB in 50 mM glycine buffer pH=10 anc
°C. Each experiment in equilibrium dialysis method repeated
times and the data were consistently reliable.
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it provides a measure of the steepness of the binding curve
and may be designed as the binding cap&citydepicts the
change in the number of mole of ligands per mole of
macromolecule that accompanies a change in the chemical
potential of that ligand and thus, from slightly different point
of view is a measure of macromolecular capacity for
grabbing ligand at any specified binding state, so it can be a
measure of cooperativity as expected by the Hill coefficient,
n4, to binding capacity in order to extract a relationship
between themy is defined as the slope of the Hill pfot,

_din(y/(1-y)) g 1 [ dy [

3
H™ din[DTAB]; ~ By(1-y)dHIn[DTAB],C ©

wherey is the fractional saturation of protein by ligand
which is defined as follows:

y=- (4)

g

whereg is the number of binding sites. From the definition
of binding capacity, equation (1), the following equations
can also be written:

o1

ng = TO 5
4 Eby(l—y)EF ®)
_nyv(l-y)
0= "7 (6)
Equation (6) is rearranged to the following form:
RTO_ VO
PR nHQJD (7
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Figure 4. The plot of RB/v versusv for interaction of DTAB witl

bovine (O ) and humanm ) hemoglobins in mention experimer

conditions. Where R, T@ and v are gas universal const:
' absolute temperature, binding capacity and average num
" 'DTAB to one molecule of globin, respectively.

Figure 3. The plot of RB/v versusv for interaction of DTAB wih
bovine (O ) and human K ) globin in mention experimental
conditions. Where R, T@ and v are gas universal constant
absolute temperature, binding capacity and average nunfibe
DTAB to one molecule of globin, respectively.
slope and intercepts of these lines, the values ahdg for

for a system with one set of binding sites and identigait each set, have been estimated. The Hill equation for two sets
can be suggested that the plot(8fT 6/v) vensshould  of binding sites is as followifig
be linear, where the slopg,andx-intercepts are-nu/g, Ny n n
andg, respectively. _ 9:i(K4[DTAB]y) ™ . 9(K,[DTAB]) i

Figure 3 shows the variation ¢RT6/v) versusv for Nig Nz
interaction of DTAB with bovine and human globin. It 1+ (Ky[DTABIY) 1+ (K,[DTAB])
contains two linear plots which represent the existence ofvhere gi, Ki, and ny1 are the number of binding sites,
only one set of binding sites on globin samples upon interbinding constant and Hill coefficient for the first binding set,
action with DTAB. With respect to equation (7), the valuesrespectively andg,, K, and ny, are the corresponding
of ny andg can be estimated from this plot. Using the Hill parameters for the second binding set. The estimated binding
equation for one set of binding sites, equation (8) agparameters of Hill equation are listed in Table 1.
following™®: The intrinsic Gibbs free energy of binding per mole of
surfactant for the first,AGﬁ, , and the secormﬁ, ,
binding sets can be obtained by the following equatfons

9)

)= g(K[DTAB];) " ()
1+ (K[DTAB])™

AGY), = -RTnuInKy + RT(E-nu)In[DTAB] ¢

the value of Hill binding constamt is also estimated. Figure ifo<v<g (10)
4 shows the variation (fRT6O/v)  versws  for interaction @ __ .

of DTAB with bovine and human hemoglobin samples with AGp = RTnHZIi?KZ : 51_(1 QHZ)IH[DTABL 11)
DTAB. In contrast to figure 3, these plots are not linear G G0

representing more than one set of binding sites for inter- Figures 5 and 6 show the variation AG, Versus
v

action of DTAB with the Hb samples. However, the initial |oo15TAB, for interaction of DTAB with hemoglobins and
and final points of these plots are fitted as a linear equatio obins, respectively. With respects to intrinsic nature of

with high correlation coefficients. Each linear line can be', ~(2) ot ; o
correlated to one set of binding sites. With respect to th AGb"-’ s variation dunr_wg the progress of bmdmg rgveals
: ®he kind and extent of interaction between sites. It is well

Table 1 Binding parameters of Hill equation for interaction of DTAB with hemoglobin and globin samples in 50 mM glycine buffer pH=10
and 27°C

Protein g Ky (M™) Nh1 g2 Kz (M) Nhz

Bovine Hb 663 53454 £ 2745 3.011 +0.014 457 + 27 36.1+44 0.96 £0.02
Human Hb 50+3 7943.3 £413 1.192 £0.067 432+ 24 31.7+£7.3 0.70£0.05
Bovine globin 498 + 56 382.3+31.3 0.72+0.02 - - -

Human globin 430+ 35 467.6 £43.1 0.90+0.02 - - -
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-5 globin are more interactive (highly cooperative) and stronger
. A6%,, - than the human Hb. The positive cooperativity>() in the

) o first binding set of bovine hemoglobin may be related to the

-10 1 o high extent of hydrophobic interaction at the protein surface

relative to human hemoglobin sample. On the basis of this

interpretation, it may be concluded that the area of
hydrophobic patches at the surface of bovine hemoglobin is
greater than human sample. This is a good reason for higher
20 1 stability for human Hb relative to bovine Hb.

For binding of ionic surfactants to globular proteins, the

' above statements of these initial interactions are followed by
-25 | the unfolding and exposure of the hydrophobic interior and
hence generation of numerous hydrophobic binding sites
which can be related to the second binding?%&etCom-

15

AG,, ,(kJ/mol)

-30 - - - parison ofAfoL in figure 5 shows also a big jump after the
-6 5 -4 -3 2 occupation of the first binding set. This usually corresponds
log[DTAB]; to the unfolding regiof®?? This jump starts for bovine

Figure 5. The variation of intrinsic Gibbs free energy of binding hemoglobin at lower DTAB concentration relative to human

per mole of DTABAG,,, as a function of log [DTABDr binding hemoglobin sample. o _
of DTAB to bovine (0 ) and humani{ ) hemoglobins. The initial Figure 6 shows the trend of variation®6, ,  for globin
plateau of curve belongs to first binding ﬂ(ﬁf}& and the later tasamples look like WithAG@f'L hemoglobin which is

the second onepG{?,  (the free energy of second binding seplotted in figure 5. This shows that the nature of binding

hydrophobic site). forces in globin samples is more hydrophobic than electro-
static contribution. In literature also cited the removal of
-6 heme from hemoglobin induced the hydrophobic forces to
come in access with water partially and suppress the electro-
6.5 - static contributiort>2® Therefore the plots in the figure 6
resemble to second binding set of hemoglobin-DTAB com-
7. plexes in figure 5 that belongs to hydrophobic interaction.
s Figure 7 shows the thermal profiles for human and bovine
E hemoglobin samples. The figure indicates that melting point
% 7.5 7 (Tm, midpoint of thermal transition at absorbance of 280 nm)
3 as a criterion of protein stability is higher for human
. hemoglobin relative to bovine hemoglobin sample, that is
tabulated in Table 2.
8.5 1 120
9 . . .
-5.2 4.2 -3.2 2.2 100

log[DTAB);

Figure 6. The variation of intrinsic Gibbs free energy of binding 80

per mole of DTABAG, , as a function of log [DTABpr binding

of DTAB to bovine (1) and humanm{ ) globins. 60

known that both electrostatic and hydrophobic forces are
involved in the interaction of ionic surfactants with globular
proteins>!! It is also suggested that the mechanism of .
interaction is due to binding charge head groups of the
surfactant to the sites with opposite charge at the protei
surface, accompanying with simultaneous interaction of
hydrophobic tail of the surfactant to hydrophobic patches
Such mechanism is confirmed by modification of ionic sites,
due to acetylation of lysyl residues, which reduce the Temperature (°C)

number of binding sites of first binding set, and WeakeningFigure 7. Percent of variation of absorbance (280 nm) v

of the binding resultgd_ .from ".EdUC.ing _the §|ky| chain temperature for humamj and bovine ¢ ) hemoglobins. The dz
length?® In figure 5 the initial binding sites in bovine hemo- for this experiment was consistently repeatable.

40

20

% Variation of absorbance (280 nm)
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actions of dodecyl trimethylammonium bromide as a cationic
surfactant with hemoglobins show two sets of binding sites
(first set is mostly electrostatic and the second one is
hydrophobic moiety), while the cited interaction for globin
is including one set of binding site just as hydrophobic
interaction (like the second set of binding site for hemo-
globin). This means that removal of heme from hemoglobin
result in the sharp reduction of the electrostatic contribution
for apohemoglobin (globin).
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Figure 8. Hydrophobicity profiles forr, 8 chains of human (sdli
line) and bovine (dashed line) hemoglobins or globins.

Figure 8 shows the hydrophobicity profiles énr chains 1.
of human and bovine hemoglobin. The higher positive values
of profiles show the more hydrophobicity. The average 2.
hydrophobicity (Hp) as another protein stability criterf6iis
calculated and the data were tabulated in Table 2. 3

The results indicate that the human hemoglobin has mores.
thermodynamic stability relative to bovine hemoglobin. How- 5
ever, the forces responsible for the stability of the three-
dimensional structure are stronger for human hemoglobin.
The calculated average hydrophobicitygfrhind measured
melting point ) for bovine and human hemoglobin sample 8.
as the protein stability criteria have been supported the binding
analysis interaction. Thegthows also the higher value for
human globin and hemoglobin than for bovine sample. This
means the human globin stability is higher than bovine globin1.

The removal of the heme from hemoglobin destabilized
the protein structuré 3! This subject may cause the differ- 12-
ence in the binding strength behavior of hemoglobin an
globin samples upon interaction with DTAB. The hemes lie;,
in nonpolar pockets of the globin chains and having abouis,
sixty interactions between atoms of the globins and hemedg.
all but one of those in the alpha chain and two of those in thé’
beta chain are nonpo&Therefore it can be concluded that
removal of heme groups induced the exposing of hydroqq
phobic patches into water for globin. Although the addition
of heme to globin is incorporated with hydrophobic contri- 20.
bution, these conclusions are made on the basis of analysis
of binding data obtained from protein-DTAB interaction. 99

Conclusion 23.

The binding set analysis having high potentiality for 24-

discrepancy for protein unfolding by surfactants. The inter-26

27.

Table 2. Stability parameters for human and bovine globins and?8-
hemogobins

29.

Human Bovine
Ho 10 6.6 30.
Tm (°C) 64 (£ 0.1) 63 (£ 0.1) 31
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ed.

References

Martin, D. W.; Mayes, P. A.; Rodwell, V. Warper's Review of
Biochemistry19" ed.; LMP: New York, 1983.

Weissbluth, MMolecular Biology Biochemistry and Biophysics,
Hemoglobin Cooperative and Electronic Properti€hapman
and Hall: USA. 1970.

. El-Antri, S.; Sire, O.; Aipert, Bzhem. Phys. Letl.989 161, 47.

Jones, M. NChem. Soc. Rel992 21, 127.
Moosavi-Movahedi, A. A.; Housaindokht, M. Rt. J. Biol.
Macromol.1994 16, 77.

6. Tanford, CAdv. Protein Chenil97Q 24, 1.
. Moosavi-Movahedi, A. A.; Naderi, G. A.; Farzami, TBermochim.

Actal994 239 161.
Saboury, A. A.; Bordbar, A. K.; Moosavi-Movahedi, A. Bull.
Chem. Soc. Jpri996 69, 3031.

9. Rowe, E. C.; Tanford,.Biochemistry1 973 24, 4822.
10. Bordbar, A. K.; Saboury, A. A.; Housaindokht, M. R.; Moosavi-

Movahedi, A. A.J. Colloid and Interface Sciend897, 192 415.
Bordbar, A. K.; Moosavi-Movahedi, A. Bull. Chem. Soc. Jpn.
1996 68, 2213.

Moosavi-Movahedi, A. A.; Jones, M. N.; Pilcher,I@&. J. Biol.
Macromol 1988 10, 75.

d13. Few, A. V.; Ohewil, R. HJ. Colloid Sci1956 11, 34.
. Kyte, J.; Doolitle, R. RJ. Mol. Biol.1982 157, 105.

Bull, H. B.; Breeze, KArch. Biochem. Biophy4973 161, 665.
Wyman, JJ. Mol. Biol.1965 11, 631.

Di-Cera, E.; Gill, S. J.; Wyman, Proc. Natl. Acad. Sci. USA
1988 85, 449.

18. Hill, A. V. J. Physiol 191Q 40, 4p.
. Jones, M. N.; Manley, . Chem. Soc. Faraday Trans198Q 76,

654.
Tipping, E.; Jones, M. N.; Skinner, H. A.Chem. Soc. Faraday
Trans. 11974 70, 1036.

21. Oakes, 1. Chem. Soc. Faraday Trans1974 70, 2200.

Moosavi-Movahedi, A. A.; Saboury, A. A. Chem. Soc. Pak.
1999 21, 248.

Ajloo, D.; Moosavi-Movahedi, A. A.; Sadeghi, M.; Gharibi, H.
Biochimica Polinica Act®002 49(2), 459.

Kauzmann, WAdv. Protein. Chend959 14, 1.

25. Stenberg, I. Z.; Scheraga, H.JABiol. Chem1963 238 172.

Nakano, M.; Yang, J. RArch. Biochem. Biophy4981, 207, 69.
Goto, Y.; Fink, A. LJ. Mol. Biol.199Q 214, 803.

Moriyama, Y.; Sasaoka, H.; Ichiyanagi, T.; Takeda].KProtein
Chem.1992 11, 583.

Perutz, M. F.; Muirhead, H.; Cox, J. M.; Goaman, L. O\N&ure
1968 211, 131.

Beychok, S.; Tyoma, I.; Benesch, R. E.; BeneschJ.RBiol.
Chem1967 242 2460.

Vasudevan, G.; McDonald,J1.Protein Chem200Q 19, 583.



	Thermodynamic Elucidation of Binding Isotherms for Hemoglobin & Globin of Human and Bovine upon I...
	A. K. Bordbar,1,2 A. Nasehzadeh,3 D. Ajloo,1,4 K. Omidiyan,2 H. Naghibi,3 M. Mehrabi,1,3 H. Khaje...
	1Institute of Biochemistry & Biophysics, University of Tehran, Tehran, Iran 2Department of Chemis...
	Binding of dodecyl trimethylammonium bromide (DTAB) to human and bovine hemoglobin and globin sam...
	Key words�:�Hemoglobin, Globin, Binding sites, Hydrophobicity, Electrostatic contribution
	Introduction
	Experimental Section
	Results and Discussion
	Conclusion
	References
	1. Martin, D. W.; Mayes, P. A.; Rodwell, V. W. Harper’s Review of Biochemistry, 19th ed.; LMP: Ne...
	2. Weissbluth, M. Molecular Biology Biochemistry and Biophysics, Hemoglobin Cooperative and Elect...
	3. El-Antri, S.; Sire, O.; Aipert, B. Chem. Phys. Lett. 1989, 161, 47.
	4. Jones, M. N. Chem. Soc. Rev. 1992, 21, 127.
	5. Moosavi-Movahedi, A. A.; Housaindokht, M. R. Int. J. Biol. Macromol. 1994, 16, 77.
	6. Tanford, C. Adv. Protein Chem. 1970, 24, 1.
	7. Moosavi-Movahedi, A. A.; Naderi, G. A.; Farzami, B. Thermochim. Acta 1994, 239, 161.
	8. Saboury, A. A.; Bordbar, A. K.; Moosavi-Movahedi, A. A. Bull. Chem. Soc. Jpn. 1996, 69, 3031.
	9. Rowe, E. C.; Tanford, C. Biochemistry 1973, 24, 4822.
	10. Bordbar, A. K.; Saboury, A. A.; Housaindokht, M. R.; Moosavi- Movahedi, A. A. J. Colloid and ...
	11. Bordbar, A. K.; Moosavi-Movahedi, A. A. Bull. Chem. Soc. Jpn. 1996, 68, 2213.
	12. Moosavi-Movahedi, A. A.; Jones, M. N.; Pilcher, G. Int. J. Biol. Macromol. 1988, 10, 75.
	13. Few, A. V.; Ohewil, R. H. J. Colloid Sci. 1956, 11, 34.
	14. Kyte, J.; Doolitle, R. F. J. Mol. Biol. 1982, 157, 105.
	15. Bull, H. B.; Breeze, K. Arch. Biochem. Biophys. 1973, 161, 665.
	16. Wyman, J. J. Mol. Biol. 1965, 11, 631.
	17. Di-Cera, E.; Gill, S. J.; Wyman, J. Proc. Natl. Acad. Sci. USA 1988, 85, 449.
	18. Hill, A. V. J. Physiol. 1910, 40, 4p.
	19. Jones, M. N.; Manley, P. J. Chem. Soc. Faraday Trans. 1 1980, 76, 654.
	20. Tipping, E.; Jones, M. N.; Skinner, H. A. J. Chem. Soc. Faraday Trans. 1 1974, 70, 1036.
	21. Oakes, J. J. Chem. Soc. Faraday Trans. 1 1974, 70, 2200.
	22. Moosavi-Movahedi, A. A.; Saboury, A. A. J. Chem. Soc. Pak. 1999, 21, 248.
	23. Ajloo, D.; Moosavi-Movahedi, A. A.; Sadeghi, M.; Gharibi, H. Biochimica Polinica Acta 2002, 4...
	24. Kauzmann, W. Adv. Protein. Chem. 1959, 14, 1.
	25. Stenberg, I. Z.; Scheraga, H. A. J. Biol. Chem. 1963, 238, 172.
	26. Nakano, M.; Yang, J. T. Arch. Biochem. Biophys. 1981, 207, 69.
	27. Goto, Y.; Fink, A. L. J. Mol. Biol. 1990, 214, 803.
	28. Moriyama, Y.; Sasaoka, H.; Ichiyanagi, T.; Takeda, K. J. Protein Chem. 1992, 11, 583.
	29. Perutz, M. F.; Muirhead, H.; Cox, J. M.; Goaman, L. C. G. Nature 1968, 211, 131.
	30. Beychok, S.; Tyoma, I.; Benesch, R. E.; Benesch, R. J. Biol. Chem. 1967, 242, 2460.
	31. Vasudevan, G.; McDonald, J. J. Protein Chem. 2000, 19, 583.
	Protein
	g1
	K1 (M-1)
	nH1
	g2
	K2 (M-1)
	nH2
	Bovine Hb
	66�±�3
	53454�±�2745
	3.011�±�0.014
	457�±�27
	36.1�±�4.4
	0.96�±�0.02
	Human Hb
	50�±�3
	7943.3�±�413
	1.192�±�0.067
	432�±�24
	31.7�±�7.3
	0.70�±�0.05
	Bovine globin
	498�±�56
	382.3�±�31.3
	0.72�±�0.02
	-
	-
	-
	Human globin
	430�±�35
	467.6�±�43.1
	0.90�±�0.02
	-
	-
	-
	Human
	Bovine
	Hf
	10
	6.6
	Tm (oC)
	64 (±�0.1)
	63 (±�0.1)






