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Binding ol dodeeyl trimethylanmonium bronnide (DTAR) o human and bovine hemoglobin and globin
samples has been ivestigated in 30 mM glveme buller pH = 10.T=0.0318 and 300 K by cquilibrium dialy sis
and  temperature  scanning  spectrophotomietry techniques and method  lor - caleulation ol average
hydrophobicity. The binding data has been analvzed, m erms of binding capacity conceept (), Hill coctlicient
{(#m) and mtrinsic Gibbs [ree energy of binding (ACrs,). The results of binding data, melting point (7,;) and
average hydrophobicity show that human henoglobin has more structural stability than bovine hemoglobin
sample. Morcover (he results of binding data analysis represent the systems with two and one sets of binding
sites {or hemoglobin and globin, respectively. Tt seems that the destabilization of hemoglobin structure due to
removal o heme group, is responsible of such behavior. The results indicating the removal of heme group (rom
hemoglobin caused the depletion of first binding sct as an cleetrostatie site upon interaction with DTAB and

exposing the hydrophobic patches for protein.
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Introduction

Hemoglobin (Hb). the circulating red pigment of blood. is
a heme protein and has a long cvolutionany history as an
oxvgen transport protcin.’ Detail studics on normal as well
as mutant hemoglobins have cstablished a structure/function
relationship for human hemoglobin.” Interestingly animal
hemoglobing have amino acid differences at critical points.
when compared o buman Hb A, These discrepancy may
suggest the differences in ability of hemoglobin samples for
oxygen affinity,

The phenomenon of cooperalivity in Hb arises from the
coupling between ligand binding processes and (he inter-
action between globin and heme group. subunit chains within
the tetrameric Hb molecule. Comparison between thermo-
dvnamic propettics of Hb and globin of diffcrent vertebrates
arc (hercfore of considerable interest in defining the cner-
gelic slales and transitions which may account for cooper-
ative cvents.

Comparison between thermody namic parameters of ionic
surfaciants with Hb's and globins of diffcrent vericbrates can
be helplul with respect to this purpose. Tt has been well
established that most of (he ionic surfactants can bind to
native structure of globular proteins®® and causc denatu-
ration for them as well as provide the information about the
native state in (crms of its cooperativity. intrinsic stability
and (he nature of the forces required to maintain its tertiary
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structurc.” Tt has been shown that analyzing (he binding
data of (wo scis of binding systems can reveal some
additional structural information.””” With respect to the
mentioned facts. in the present study the binding of dodecyl
trimethy lammonium bromide (DTAB) as a cationic surfac-
tant with human Hb and bovine Hb and their globins have
been investigated. Calculation and comparison of thermo-
dynamic parameters arc accomplished in relation  to
structural stability and the role of heme group in structural
intcgrity of Hb.

Experimental Section

Materials. Hemoglobins and globins from human and
bovine. sodium azide. DTAB. glycine and orange 1T dyve
wetre purchased from Sigma Lid. Visking membrane dialysis
tubing (MW cut-ofT 10.000-14.000) was obtaincd from S1C
(East Leigh) Hampshire. UK. 30 mM glycine buffer pH =
10.0. T = 0.0318. has been used. All other materials and
reagents were of analytical grade. Double distilled waler was
uscd in the preparation of solutions.

Methods. Equilibrium dialysis was carricd out al 300 K
using Hb and globin solutions of concentration 0.02%(w/).
of which aliquots of 1 cm* were placed in (he dialysis bags
and cquilibrated with 2 ¢ of DTAB solution covering the
required concentration range for 96 h. as explained previ-
ousl.!= All the mecasurements reported refer to DTAB
concentrations  below  the critical micelle  concentration
(CM.C). the frec DTAB concentrations arc in cquilibrium
with complexes and were assaved by the orange IT dye
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method."?

Spectrophotometry. The Gilford as a temperature scann-
ing spectrophotometer (inodel 2400-2) was used for obtain-
ing the thermal profiles of hemoglobin samples using wave-
length of 280 mmn for obtaining melting point (7,,) as a
criterion of protein stability. The scan was run at a rate of 1
K/min in a degassed buffer solution.

Theoretical calculation. The average hydrophobicity He
as a criterion of the protein stability'* was calculated by
means of summation of individual amino acid parameters
from Kyte and Doolittle scale.'™ Amino acid sequences were
obtained from Swissprot database for human o(P01922) and
B(P02023) chains and bovine o(P01966) and S(P02081)
chains. The numbers in the parenthesis indicates the Swiss-
prot codes for each of subunits.

Results and Discussion

Figures 1 and 2 are the binding isotherms (the average
number of DTAB ions bound per molecule of protein (v) as
a function of logarithin of the free DTAB concentration
|[DTAB|; at specified conditions) of hemoglobin-DTAB and
globin-DTAB interaction respectively.

For analvzing the binding data. the concept of Wyman
binding potential. [T(P. T. g. #-....) which is at pressure P
and temperature T relates to v; and chemical potential. p, as'®

8]’])
r = — l
i (9% TPy, m

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 1sotherms (average number of bound DTAB to
one macromolecule, v against logarithm of frec concentration of
DTAB) ol Bovine (1 * ) and human () hemoglobins on interaction
with DTAB m 30 mM glveme bufter, pH=10) and 27 “C. Each
experiment in equilibrium dialvsis method repeated three tnes and
the data were consistendly reliable.
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Figure 2. Binding 1sotherms of bovine (1) and human (m ) globin
on interaction with DTADB in 50 mM glveine buller plI=10 and 27
°C. Fach experiment in equilibrium dialvsis method repeated three
times and the data were consistently reliable.
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it provides a mcasure of the stecpness of the binding curve
and may be designed as the binding capacity.”” Tt depicts the
change in the number of mole of ligands per mole of
macromolccule that accompanics a change in the chemical
potential of that ligand and thus. from slightly dilfcrent point
of view is a mcasurc of macromolccular capacity for
grabbing ligand at any specificd binding state. so it can be a
mcasurc of coopcrativity as expected by the Hill cocfficicnt.
#u. o binding capacity in order 1o cxtract a relationship
between them., 2w is defined as the slope of the Hill plot.®

o = din(y/(1 —v)) _ 1 )( dv ) 3)
H  JIn[DTAB I v(1 -3 AdIn|DTAB],

where v is the [ractional saturation of prolcin by ligand
which is defined as follows:

e

Il
B3 1=

where g is the number of binding sites. From (he definition
of binding capacity. ¢quation (1). the following cquations
can also be written:

(L <
SRS
0 RT ©®

Equation (6) is rcarranged to the following form;

RT@
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Figure 3. The plot of RI'#/v versus v lor interaction of DTAD with
bovine (1) and human (W) globin in mention experimental
conditions. Where R. T. & and v are gas umiversal constant,
absolute temperature, binding capacity and average number of
DTADB to one molecule of globin. respectively.

for a system with one set of binding sites and identical ). it
can be suggested that the plot of (RT8/v} versus v shounld
be linear. where the slope. v and x-intercepts are —m/g.
and g. respectively.

Figure 3 shows the varation of (RT&/v) versus v for
interaction of DTAB with bovine and human globin. [t
contains two linear plots which represent the existence of
only one set of binding sites on globin samples upon inter-
action with DTAB. With respect to equation (7). the values
of 3 and g can be estimated from this plot. Using the Hill
equation for one set of binding sites. equation (8) as
following'®:

_ g(K[DTAB])"
v= . 8)
[ +(K[DTAB]Y™

the value of Hill binding constant X is also estimated. Figure
4 shows the variation of (RT&/v) versus v for interaction
of DTAB with bovine and human hemoglobin samples with
DTAB. In contrast to figure 3. these plots are not linear
representing more than one set of binding sites for inter-
action of DTAB with the Hb samples. However. the initial
and final points of these plots are fitted as a linear equations
with high correlation coefficients. Each linear line can be
correlated to one set of binding sites. With respect to the

Bull. Korean Chem. Soc. 2002, Vol. 23, No. 8 1075

50

(RTO/V)x10°

500

Figure 4. The plot of RT&v versus v tor interaction of DTAB with
bovine ( J ) and human (W ) hemoglobins in mention experimental
conditions,. Where R, 1, ® and v are gas universal constunt,
absolute temperature, binding capacity and average number of
DTAB to one molecule ot globin, respectively.

slope and intercepts of these lines. the values of s7y; and g for
each set. have been estimated. The Hill equation for two sets
of binding sites is as following:

Mia

_ & (K [DTAB™
[ +(&,[DTAB])™

2:(K,[DTAB],)
[ +(K,[DTAB]Y"

&)

where ¢1. K1, and sz are the number of binding sites.
binding constant and Hill coefficient for the first binding set.
respectively and gz A: and »y: are the corresponding
parameters for the second binding set. The estimated binding
parameters of Hill equation are listed in Table 1.

The intrinsic Gibbs free enelg\ of binding per mole of
surfactant for the first. A(z,, ». and the second. AG: .
binding sets can be obtained by the following equations'”:

AGL = “RTmyInK, + RT(l-mIn|DTAB],
ifO<v=<g (10)

A‘—'f: = —RTs2InK> + RT(1-11,;2)In[DTAB]
gy <v<g +g: (11)

Figurcs 3 and 6 show the vanation of AG, , versus
log[DTAB], for interaction of DTAB with hemoglobins and
globms respectively, With respects o intrinsic nature of
AG{, . 1ts variation during the progress of binding reveals
the kind and cxtent of inlcraction between sites. Tt is well

Table 1. Bindmg parameters of Hill equation for mteraction of DTAB with hemoglobin and globn samples i 30 mM glyvcine butter pH=10

and 27 °C

Protemn Q) K] (M I) tiH1 ] K3 (M I) P2 ITN
Bovine I1b 66 = 3 33454 - 2745 3001 20014 457127 361 =44 0.96 - 0.02
Tuman I1b S0-3 TO433 = 413 1,192 = 0.067 432124 NTT3 (.70 = 0.05
Bovine globin 498 - 56 3823-313 0.72-0.02 - - -
Tuman globin 430 -3 467.6 = 43.1 090 =0.02 - - -
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Figure 5. The vanation of intrinsic Gibbs free energy of binding
permole of DTAB AG, , as a function of log [DTAB],tor bmdma
of DTADB te bovine (1) and human (m )huuoglobum The initial
plateau of curve bx.long> (e [irst binding set A(_u, ;. and the later to
the second one. A(:b‘ {the free eneray of second binding set,
hvdrophobic site).
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Figure 6. The vanmation of mtrmsic Gibbs free energy of binding
per mole of DTAB Af5, | as a function of log [DTAB], [or binding
of DTAD to bovine (1 ) and human (m ) globins,

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 protein
surface. accompanying with simultaneous interaction of
hydrophobic tail of the surfactant to hvdrophobic patches.
Such mechanism is confirmed by modification of ionic sites.
due to acetvlation of Ivsvl residues. which reduce the
number of binding sites of first binding set. and weakening
of the binding resulted from reducing the alkvl chain
length.'” In figure 5 the initial binding sites in bovine hemo-
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globin are more interactive (highly cooperative) and stronger
than the human Hb. The positive cooperativity (7;>1) in the
first binding set of bovine hemoglobin may be related to the
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
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
the unfolding and exposure of the hydrophobic interior and
hence generation of numerous hydrophobic biuding sites
which can be related to the second binding set.”*' Com-
parison of A(; :,, : in figure 3 shows also a big jump after the
occupation of the first binding set. This usually corresponds
to the unfolding region®'"> This jump starts for bovine
hemoglobin at lower DTAB concentration relative to human
hemoglobin sample.

Figure 6 shows the trend of v dl‘lcltlon of A7, . for globin
saniples look like with Aﬁ,,hemog,lobm which is
plotted in figure 5. This shows that the nature of binding
forces in globin sclmples is more hydrophobic than electro-
static contribution. In literature also cited the removal of
heme from hemoglobin induced the hydrophobic forces to
come in access with water partially and suppress the electro-
static contribution.”** Therefore the plots in the figure 6
resemble to second binding set of hemoglobin-DTAB com-
plexes in figure 5 that belongs to hydrophobic interaction.

Figure 7 shows the thermal profiles for human and bovine
hemoglobin samples. The figure indicates that melting point
(7 midpoint of thermal transition at absorbance of 280 nm)
as a criterion of protein stability is higher for human
hemoglobin relative to bovine hemoglobin sample, that is
tabulated in Table 2.
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Figure 7. Percent of variation ol absorbance (28() mm) versus
tcmperature for human (W) and bovine (1 ) hemoglobins. The data
tor this expeniment was consistently repeatable.
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Figure 8. liydrophobicity profiles for ¢ 8 chains of human (solid
line) and bevine (dashed line) hemeglobins or globins,

Figure 8 shows the hydrophobicity profiles for . 8 chains
of human and bovine hemoglobin. The higher positive values
of profiles show the more hyvdrophobicity. The average
hydrophobicity (H¢) as another protein stability criterion'* is
calculated and the data were tabulated in Table 2.

The results indicate that the human hemoglobin has more
thermods namic stability relative to bovine hemoglobin. How-
ever. the forces responsible for the stability of the three-
dimensional stmcture are stronger for human hemoglobin.
The calculated average hydrophobicity (H¢) and measured
melting point (7,,) for bovine and lmman hemoglobin sample
as the protein stability criteria have been supported the binding
analysis interaction. The H¢ shows also the higher value for
Imman globin and hemoglobin than for bovine sample. This
means the hmman globin stability is higher than bovine globin.

The removal of the heme from hemoglobin destabilized
the protein structure.”** This subject may cause the differ-
ence in the binding strength behavior of hemoglobin and
globin samples upon interaction with DTAB. The hemes lie
in nonpolar pockets of the globin chains and having about
sixty interactions between atoms of the globins and hemes,
all but one of those in the alpha chain and two of those in the
beta chain are nonpolar.™ Therefore it can be concluded that
removal of heme groups induced the exposing of hvdro-
phobic patches into water for globin. Although the addition
of heme to globin is incorporated with hvdrophobic contri-
bution. these conclusions are made on the basis of analyvsis
of binding data obtained from protein-DTAB interaction.

Conclusion

The binding set analvsis having high potentiality for
discrepancy for protein unfolding by surfactants. The inter-

Table 2. Statnlity parameters for human and bovine globms and
hemogobins

Human Bovine
e 10 6.6
7, (°C) 64 (= 0.1 63(L01)
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actions of dodecy] 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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