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The spectrophotometric investigation of the binding of two structurally resembling halogen-substitut-
ed fluorescein dyes, eosine blue (EB) and rose bengal (RB), to bovine serum albumin (BSA ) at pH 7.4 has
resulted in the observance of a single complex for EB but two types of complexes, one absorbing at
540 nm (comp-1) and the other at 555 nm (comp-2), for RB. The analysis of the dependence of binding
constant (K') on [BSA] has revealed the binding of EB by ligand-facilitated self-association mechanism. In
the case of RB, K has been found to be independent of [BSA] for comp-1 but has showed inverse depend-
ence on [BSA] for comp-2, the mechanisms of binding for both these complexes being different from that
of EB-BSA interaction. Moreover, it has been noticed that surface bound comp-1 of RB-BSA is stronger
than the interior bound comp-2, i.e., K oy 1 > K omp -2, Which could be explained by the bulkiness of
EB in preventing its effective interaction with the hydrophobic interior of BSA. Thus contrasting binding
mechanisms in the interaction of structurally similar dyes can be monitored.

Serum albumin, a blood protein is known to bind re-
versibly a variety of small molecules such as fatty ac-
ids, acidic drugs! and host of other organic
anions?~° and thereby transports them in the human
circulatory system. The binding to albumin has been
characterized by the strength of the binding and the
number of binding sites for the ligands as well as by
the location of binding regions®’ for the ligands in
albumin. Several ligands have found application®?
as templates for probing the binding regions in albu-
min and the binding regions for the ligands can be
same® or different!® even in the case of ligands pos-
sessing similar structural resemblances. That is, fac-
tors such as chemical structure and molecular di-
mensions of the ligand have been found to influence
the binding phenomenon as reported in many inves-
tigations'"2, Our earlier studies!’ also revealed that
structurally resembling ligand naproxen and 1-anili-
no-8-naphthalene sulphonate have dissimilar bind-
ing characteristics in binding to BSA.

The present study deals with the binding of two
structurally resembling dyes namely eosine blue
(EB)-dibromodinitrofluorescein and rose bengal
(RB)-tetraiodotetrachlorofluorescein to BSA. Both
of them have common fluorescein moiety but RB is
highly halogenated among the two. Moreover, they
are clinically significant dyes and particularly RB
has found application in detecting the organic an-
ions in liver plasma'‘. Our aim is to look for the
binding patterns of the dyes with BSA at the molec-
ular level from the spectrophotometric investiga-
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Materials and Methods

BSA (fatty acid free) was obtained from Sigma
Chemical Co., USA. Pure samples of dyes eosine
blue (Loba Chemie, India)} and rose bengal (RB)
(BDH, England) were used as received. All other
chemical were of analytical grade. The concentra-
tion of BSA was checked by using molar extinction
coefficient of €,,,=4.4x10* cm~" M~'._ All the
spectrophotometric experiments were carried out at
pH 7.4 in 0.05 M of Na,HPO,-KH,PO, buffer at
25°C.

In the spectrophotometric experiments, binding
of the dyes has been quantified by absorbance
change method'’. A set of typical spectrophotomet-
ric experiments of EB binding to BSA were carried
out as follows: To a constant [EB]=40.0% 107° M,
varying [BSA] of 2.0-40.0x10°% M were added.
The mixtures were maintained at 25°C for 30 min
with constant shaking. The absorbances of EB and
EB-BSA mixtures were measured at 523 nm using a
Carl-Zeiss Specord UV-vis spectrophotometer.
Similarly experiments were carried out by keeping
constant [EB] of 16.0, 24.0, 32.0 and 48.0 X 10~¢ M
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and varying the [BSA] respectively for each of these
[EB].

Experiments involving the binding of RB were
also carried out by keeping constant [RB] and vary-
ing [BSA]. Constant [RB] of 8.0, 12.0, 16.0,20.0 and
24.0x 10°¢ M were employed and varying [BSA]
were added respectively for each of these [RB]. The
absorbance measurements for the mixtyres were
monitored at 540 nm and 555 nm.

Analysis of the data

The binding of EB and RB can be quantified by
the absorbance change method as described else-
where!’. That is, if A, A, and A, denote the absorb-
ances of either EB or RB respectively in the abs-
ence, partially bound and completely bound condi-
tion to BSA, then the fraction of the dye bound to
BSA s

Szj=éi (1)
C, A-A,

where Cy and C; are respectively bound and total
[dye]. From Eq. 1, Cg and hence r, the number of
moles of dye bound per mole of BSA can| be calcu-
lated. The free [dye], Cy=C;— Cg.

Binding data obtained were analyzed by the
Scatchard method!®, which is applicable for the
binding of ligand to independent, equivalgnt sites in
protein.

*L=nK~rK . {2)

‘F
where K is the binding constant of dye-BSA com-
plex and "’ is the number of binding sites for the dye
in BSA. From the plot of r/C;. versus r. K and n have
been obtained.

Results and Discussion
Spectral characteristics and the binding
RB

The change in absorbance of dyes, on dddition of
BSA has formed the basis for studying the binding
{noncovalent reversible complex formation) by
spectrophotometric method. Free EB and RB exhi-
bit absorption maximum respectively at 523 nm and
540 nm. BSA does not absorb in this wavelength re-
gion and so its interference would not prevail upon
the bound forms of the dyes. This allows ¢onvenient
monitoring of the dye binding in the visible region.

Figure 1A shows the spectral changes for EB with
addition of increasing [BSA] to a| constant
[EB]=40.0x 10" M. It can be seen that the ab-
sorbance of EB has been found to decrgase and is

of EB and
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Fig. 1—A ... Visible absorption spectra of EB-BSA complex (a)

40.0x107% M of EB alone. (b)H{f) in presence of increasing

[BSA]. [BSA] x 10° (M) are (b) 2.0; (c) 4.0; (d) 6.0; () 10.0 and (f)

40.0. B ... Visible absorption spectra of RB-BSA complexes. (a)

20.0%x10°¢® M of RB alone. (bHf) in presence of increasing

[BSA]. [BSA]x 10° (M) are (b) 0.5; (c) 1.0; (d) 2.0; (e) 4.0 and (f)
20.0.

also accompanied by gradual red-shift in A, of the
spectra on addition of increasing [BSAJ. The decre-
ment in absorbance represents the change from free
EB to bound form of EB. Moreover, the changes in
absorbance (here the decrement) throughout the
wavelengths of spectral investigation have been ob-
served to occur only in a single direction (Fig. 1A). It
has been established in the studies of trypan blue-
BSA interaction by Lang and Lasser'’ that there
would be only a single complex if the absorbance
changes of the bound form of the dye occur in a
single direction. Consequently, for the EB-BSA in-
teraction also, the formation of only a single com-
plex can be inferred. However, the gradual red-shift
from 523 nm for free EB to 535 nm for the com-
pletely bound EB (spectral curve-f of Fig. 1A) indi-
cdtes that the binding environment around the
chromophore is becoming more nonpolar with in-
crease in [BSA). Further. the red-shiftin A, also in-
variably suggests the displacment of monomer-po-
lymer equilibria of BSA during EB binding as no-
ticed elsewhere'®.

For the case of RB-BSA interaction, the spectral
changes for [RB] of 20.0 X 10~® M with increasing
[BSA] are shown in Fig. 1B. Unlike for the EB-BSA
interaction, the spectral changes for RB binding oc-
cur in more than one direction. It can be noticed that
there is decrease in absorbance of RB at 540 nm,
and a simultaneous increase in absorbance resulting
in emergence of a new peak with A, at 555 nm
(spectral curve-f of Fig. 1B). Therefore two count-
able qualitative spectral changes have been moni-
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tored. In order to verify whether these two spectral
changes correspond to a single coniplex or more
than one complex, the changes in absorbance i.e.,
AA (AA= A, — A)both at 540 nm and 555 nm have
been subjected to the analysis as described by Lang
and Lasser'".

Figure 2 shows the changes in AA,, and AA,;
values at various [RB]/[BSA] (i.c., D/P) ratios. If
there has been only a single complex formation,
then the ratio of absorbance changes at these two
wavelengths ie., AAgss/AAs,, should be the same
for all the D/P ratios employed. But, it is evident
from Fig. 2 that the ratio AAsgs/AA,,, varies with
D/P ratio. This means that the said ratio depends on
[BSA] which implies that the bound species of RB
corresponding to 540 nm is found to exhibit distinct
spectral characteristics compared to the species
corresponding to 555 nm. Therefore, the two
countable spectral changes at these two wavelengths
suggest the presence of two spectroscopically distin-
guishable complexes one at 540 nm (comp-1) and
the other at 555 nm (comp-2) for RB-BSA interac-
tion. In addition, the absence of isosbestic point in
the spectra (Fig. 1B) gives support to the presence of
more than one RB-BSA complex in equilibrium
with free RB in solution.

Mechanisms for the binding of EB and RB

The binding data obtained for the EB and RB
have been analyzed by the method of Scatchard'®.
The Scatchard plots for the EB-BSA interactions at
four different [BSA] are shown in Fig. 3. The linear

0-6}—
555 nm
-4
02
«
4 o
-0.2p
S0 nm
—-0-4}
1 | 1 1 1 1 1
-1.0 ~05 ] 0S 1.0 15 20

log (IRB] /[BSA))

Fig. 2—Variation of absorbance difference AA with log ((RB)/

[BSA]) at pH 7.4 for RB-BSA complexes at two different wave-

lengths. [RB]=20.0x 10-¢ M and [BSA]x 10¢ (M)=0.30 to
80.0
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nature of plots has indicated the existence of inde-
pendent and equivalent sites for EB in BSA. The to-
tal binding constants (nK) and the number of bind-
ing sites (n) obtained from the Scatchard plots are
shown in Table 1. The strength of EB-BSA interac-
tion is found to be dependent on [BSA] as evident
from the enhancement of the binding constant with
increase in [BSA} (Table 1). A plot of K versus [BSA]
clearly indicates such a said behaviour. So far, only
very occasional reports of K increasing with [pro-
tein] has been noted in earlier studies and this be-

Table 1—Parameters for the binding of EB and RB to BSA (pH
7.4; temp. 25°C)

Dye [BSA] x 10° ;nKx10-° n °"Kx10°3
(M) (M) (M)
EB 40 9.7 58 1.67
10.0 14.9 4.1 363
16.0 17.6 3.0 5.86
20.0 17.5 2.6 6.73
RB 0.6 75.2 11.6 6.48
(comp-1) 1.2 75.2 11.6 6.48
2.0 69.2 10.1 6.85
RB 2.0 224 6.0 3.73
(comp-2) 8.0 10.2 4.4 2.3
20.0 6.2 33 1.87
(a) nK-Total binding constant.
(b) K-binding constant.
1
60

Fig. 3—Scatchard plots for the EB-BSA interactions at various
{BSAL [BSA] x 10° (M) are (a) 4.0; (b) 10.0; (c) 16.0 an d (d) 20.0.
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haviour is exemplified in the case of oxytocin-neu-
rophysin Il interaction'”. Taking inferences from the
detailed analysis of protein self-association mechan-
isms by Na and Timasheff*", it has been possible to
invoke the operation of ligand-facilitated self-dsso-
ciation mechanism for EB-BSA interaction.

The binding of the ligand to the polymeric f¢rms
of a macromolecule has been defined as the self-as-
sociation mechanism*". When [BSA] is incredsed,
sclf-association of BSA would be occurring so s to
cause the observed increased in K for EB-BSA in-
teraction. When [BSA] is decreased, the self-dsso-
ciation of BSA would be diminished leading tq the
observed  decrcase in K value. That is, | EB
is found 10 show preferential affinity towards self-
associated BSA. Further, self-association would be
nil at [BSAJ= (), and the binding constant at thik in-
stance is called intrinsic binding constant (k). The &
value of 0.9 X 10* M~ ! has been determined for [EB-
BSA interaction and it would be unaffected by
[BSA]. That is, indefinite self-association occurring
at very high [BSA] would lead only to the observ-
ance of large K values, with k remaining constant.
Thercfore, it is suggested that the self-association
mechanism alone can explain the observed increase
in K with [BSA|.

From the aforesaid discussions, it would be passi-
ble to depict such ligand-facilitated self-association
by Scheme 1.

k|
2(BSA) & (BSAL
‘ ok
(BSA),+EB 2 (BSA),— EB

, k
(BSA),~EB+(n-1)EB=(BSA), —(EB), :
k=0.9x10*M !

Scheme 1

In the Scheme 1 only dimerization and not indefi-
nite sclf-association is considered. Further in |the
absence of EB, a weak self-association of BSA i.e.,
very low k; value] has been assumed. That is selftas-
sociation of BSA is found to be facilitated by |the
presence of EB. Moreover, as number of sites n|for
EB in BSA, is found to decrease as [BSA] is|in-
creascd (Table 1), the possibility of the masking of
some of the binding sites due to the self-association
of BSA cannot be discounted. The cause of the ried-
shift in A, . of EB with increasing [BSA| (Fig. 1A)
can also now be understood as the self-association
of BSA would provide greater nonpolar envirpn-
ment for EB than the monomer of BSA.

Considering the RB-BSA interaction, the binding
data for both comp-1 and comp-2 have been apa-
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lyzed by Scatchard method!®. It is evident from the
linear nature of Scatchard plots at three different
[BSA] (Figs. not shown) that the sites are equivalent
for both the complexes of RB-BSA. From Table 1,
both K and n have been found to be independent of
[BSA] for comp-1 while K and n show inverse de-
pendence with [BSA] for comp-2. Further, it can be
also noticed (Table 1) that K of 6.5x10°> M~ for
comp-1 of RB is almost twice in magnitude to that
0f3.7 x 10° M~ ! determined at[BSA]of 2.0 X 10~ M
for comp-2. This observation seems to be contrary
to expectations, since the presence of comp-2 in
more nonpolar environment than comp-1 (evident
from spectra in Fig. 1B) would likely to facilitate
greater short-range hydrophobic interactions for
the formation of the former than the latter. This ar-
gument is reasonable and justified because many
carlier studies?'*? have established hydrophobicity
to be a key factor for the strength of ligand-albumin
complexes. If the primary consideration is hydro-
phobicity alone, then, K, ... would have been grea-
ter than K, ,. But a reverse trend has been no-
ticed in this study.

To seek explanation for this, molecular dimen-
sions (qualitatively) of RB have to be considered.
RB has eight halogen substituents including four io-
dine atoms with high covalent radius. This makes
RB, very bulky in character. As nonpolar ligands
have been envisaged to bind in the hydrophobic
clefts present in the interior of albumin'?; the diffi-
culty in accommodating the bulky RB suitably in-
side the clefts should have made RB unable to inter-
act effectively at the binding site. This would be the
probable cause for the weakening of comp-2 of RB
leading to the observance of low K for comp-2 than
comp-1 even though the binding sites of comp-2
happen to be in more nonpolar environment.

The presence of binding sites for comp-2 in the
interior of BSA gains further validity from the ob-
servance of the inverse dependence of K on [BSA]
for comp-2 (Table 1). BSA contains large number of
aromatic amino acid residues and as proposed by
Scholtan®?, the mutual interactions of the side
chains of the aromatic amino acid residues would be
larger at high [BSA] than at low [BSA]. The greater
the mutual interactions of the side chains at high
[BSA] the more would be the masking of the binding
sites especially when the sites happen to be in the in-
terior of BSA, thereby Icading to the weakening of
comp-2 formation. This has led to the decrease of K
with increase in [BSA]. Further, as n has decreased
from 6.0 to 3.3, with incrcase in [BSA] (Table 1), the
masking has also resulted in the loss of some of the
sites for comp-2 and indeed suggests the presence
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of sites inside the clefts. A similar inference has been
made for the observance of inverse dependence of
K and n on [BSA] for the binding of benzodiazepine
derivatives to BSAZ3. On the other hand the invar-
iance of K ,p,.; With [BSA], shows that the forma-
tion of comp-1 has been neither affected by the bul-
ky nature of RB nor by the masking of the sites at
high [BSA]. Hence the binding sites for comp-1
would be distinct from those of comp-2 and also
may not involve the hydrophobic clefts.

Thus the present study has been able to distin-
guish the binding patterns of the dyes EB and RB
with BSA. The EB-BSA interaction is found to in-
volve ligand-facilitated self-association mechanism.
In contrast, RB forms two complexes, namely
comp-1 (surface bound)and comp-2 (interior bound)
with BSA. Interestingly, the bulky nature of RB in
precluding its effective interaction with the interior
of BSA has lessened the affinity of comp-2 than
comp-1. Consequently, the presence of the common
fluorescein moiety alone in the dyes does not entail
the operation of common binding mechanism as
other factors have also to be taken into account.
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