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Abstract

Recent findings indicate that ion-chelator probes with tetracarboxylate structure bind proteins. It was suggested
that these fluorescent probes are valuable tools to gain information on protein structure through the energy transfer
from tryptophans to the bound probe. Here, the binding of the fluorescent probe Mag-Indo-1 to bovine serum
albumin (BSA) was investigated. Mag-Indo-1 was reported previously to serve as a probe for magnesium cations
(K4=2.8 X 10~* M for zero ionic strength) which can also interact with calcium cations (K, = 7.5 X 10”7 M). Probe
complexation with protein results in a shift of the emission fluorescence spectrum of the probe from 480 to 457 nm.
We used emission fluorescence techniques to monitor this interaction. Computational resolution of the complex
fluorescence spectra and a new software to test the theoretical model were developed in our laboratory. This enabled
us to calculate the number of interacting sites and the dissociation constants. The fluorescent probe Mag-Indo-1
binds at a singular site with high affinity (K, = 1.8 X 1077 M) to bovine serum albumin (BSA). Since proteins are
known to bind several compounds unspecifically, we have studied the influence of EDTA as a competitor of the
probe. Our findings suggest that the BSA binding site is identical for both Mag-Indo-1 and EDTA. We found that
EDTA binds the protein with K;= 0.4 X 10~* M. We studied the influence of calcium and found that Mag-Indo-1
does not bind the calcium free Apo-protein anymore. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Serum albumins are abundant proteins. The
three-dimensional structure of human serum al-
bumin (HSA) has been resolved [1]. However, for
bovine serum albumin (BSA) no crystals suitable
for X-ray diffraction studies have been obtained
yet. Serum albumins are known to bind a variety
of biological molecules. The binding involves hy-
drophobic, hydrophilic, cationic substances. The
knowledge about proteins has profited from the
use of these different ligands. The molecular in-
teractions are often monitored using optical tech-
niques. These methods are sensitive and relatively
easy to use. Fluorescent spectroscopy is a valu-
able technique to study the binding of ligands to
proteins. With BSA, different probes have been
successfully used such as ANS [2-4], DAUDA [5],
dansyl-Cl [6,7], Quin-2 [8], ADIFAB [9], Tb(III)
[10] or probes covalently bound to BSA [11].
Direct intrinsic fluorescence of BSA was also
used [5,12-15] and the energy transfer between
an intrinsic chromophore and an external probe
was studied [10,16]. This energy transfer was re-
ported to give information about the protein
structure. In some of those cases fluorescent mea-
surements showed changes in the steady state
fluorescence properties exhibited by free and lig-
anded probe. Protein—probe interactions have
also been shown to occur with calcium chelating
dyes (e.g. Fura-2, Indo-1, Quin-2) [8,17-21].
Mag-Indo-1 is a well-known fluorescent probe
with a cation cage part. Although designed as a
specific magnesium chelator (K= 0.28 mM), it
can bind other cations (calcium: K, =0.75 pM).
Furthermore, Mag-Indo-1 can also bind proteins
through a specific interaction with histidine
residues [22]. Mag-Indo-1 bound to BSA has an
emission maximum at a shorter wavelength (shift
of 23 nm) than the free probe. At physiological
pH, the Mag-Indo-1 (pK, of 5,3) is in its deproto-
nated form (i.e. fluorescent form). This makes it
an excellent probe for the investigation of protein
structure or protein denaturation at physiological
pH compared to the Indo-1 which has a pK,
close to 7.

In this paper, the binding of Mag-Indo-1 to

BSA was investigated. While the absence of inter-
fering compounds would be ideal, it is often not
feasible in solution because usually ions are pre-
sent. Here, we studied the interaction of the
probe with native BSA in the presence of residual
calcium in aqueous solution. Fluorescent spectral
techniques were used to monitor the interaction.
The resolution of the complex fluorescence spec-
tra [23] together with a new software to test
theoretical models, makes it possible to de-
termine for the first time the apparent number of
interaction sites and the dissociation constant.
The next goal of the study was to assess the
effects a complex environment has on the equilib-
rium and the spectroscopic characteristic. In the
complex environment of living cells the cation
concentrations can only be determined accurately
with Mag-Indo-1 when a full spectra is recorded.
Since proteins are always present, it is essential to
know the characteristic spectrum of the protein
bound probe. Calcium influences the structure of
BSA [24] and subsequently the number of binding
sites of BSA to Mag-Indo-1. Therefore, the
probe-protein equilibrium was studied (i) with the
calcium deficient Apo-protein; (i) with EDTA as
a calcium chelator; and (iii) under the addition of
calcium. Since several authors used EDTA in
millimolar concentrations to eliminate distur-
bances due to calcium, our findings will be useful
to interpret these earlier results. Several possible
interactions between Mag-Indo-1, BSA, EDTA
and Ca will be described.

2. Material and methods
2.1. About equilibrium

When fluorescent spectra of the free probe L
and the bound probe LP are different the disso-
ciation constant can be calculated:

L+P<LP Ky ,= (D

where [L] is the concentration of free probe
Mag-Indo-1 and [P] is the concentration of un-
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bound BSA. This is done studying the evolution
of the fluorescent spectra of L in presence of P.

Knowing K, the relation can be used to calcu-
late the concentration of P. However, (i) all new
fluorescent bands caused by the binding of the
probe with other compounds present in the solu-
tion must be known. The presence of fluorescent
compounds other than L and LP forbid the use
of the usual two-wavelength method for the calcu-
lation of the concentration of P [25]. (ii) The
binding of molecules other than L to P at the
same interaction site has to be considered and
change the concentration of LP.

2.2. Chemicals

Bovine Serum Albumin (BSA) was purchased
from Sigma Chemical Co, Mag-Indo-1 was pur-
chased from Molecular Probe, Inc., water was
de-ionized on an ion-exchanged column.

2.3. Fluorescence measurement

Emission fluorescence spectra were digitally
recorded with a jobin-Yvon JY3D spectrofluo-
rometer interfaced with a Tandon AT 286 micro-
computer for data recording and monitoring the
scanning monochromators. Band-pass of 4 and 10
nm were used for excitation and emission. Glass
spectrocell of optical width 2 mm were used to
avoid probe reabsorption. The solution was buf-
fered with 1% HEPES at pH 7.2. Protonated and
non-protonated Mag-Indo-1 (pK, = 5.3) show two
different fluorescent forms [21]. At 7.2, only the
non-protonated form exists. Residual calcium was
found in the water used for the experiments.
Even with great care, calcium ions copurify with
the water and come from the glassware surface.
The glassware was washed with a concentrated
solution of acid and rinsed with de-ionized water.
Usually we found calcium concentration below
0.5 wM. The concentration of probe L was cho-
sen constant and we varied the concentration
[Pl,..; of BSA. Two solutions were prepared: so-
lution A containing Mag-Indo-1 (2 wM), buffer
(1%) and residual calcium, solution B identical to
solution A but containing different concentra-
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Fig. 1. Experimental spectra obtained for different concentra-
tions of BSA added to a solution of 2 wM of Mag-Indo-1 in
water. The x-axis represents the emission wavelength in
nanometer. The y-axis represents the fluorescence intensity in
arbitrary unit. Seven independent spectra were recorded sepa-
rately and overlaid. The arrows pointing to the respective
curves indicate the corresponding BSA concentration.

tions of BSA. Definite concentrations of protein
were made by mixing the two solutions A and B.
The fluorescent spectra were recorded for 12
BSA concentrations between 2 X 1077 and 2 X
107> M (Fig. 1).

2.4. Data analysis

The complex fluorescent spectra were analyzed
with a method described previously [23]. This
method uses the spectra of all fluorescent compo-
nents: free L, L link to BSA and L link to
calcium obtained beforehand. The use of com-
puter software allows quantifying all the fluores-
cent components of the fluorescent spectrum (Fig.
2). The reconstructed theoretical spectrum is
compared to the experimental one through
graphic (weighted residue curve) and numeric
(chi-square) estimators. The data obtained as ex-
perimental intensities are represented by means
of molar fraction X in Eq. (4).

Eq. (2) gives the molar fraction X of the free
probe L:

(L]
XL - [L]total
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Fig. 2. Computational resolution of an experimental fluores-
cent spectra into the three components. On top of the x-axis,
the emission spectra are displayed. Below the x-axis the
difference between the experimental and calculated curves is
shown. The y-axis is labeled as in Fig. 1. The experimental
spectra is indicated by EXP. The computational resolution
results in different intensity for the characteristic spectra LM
(Mag-Indo-1 bound to the probe); LP (Mag-Indo-1 bound to
the BSA); L (free probe).

with [L]total = [L] + [LP] + [LM] 2)

(with, [L] the free probe concentration, [LP] the
bound to BSA probe concentration, and [LM] the
bound to calcium probe concentration).

From the experimental data we obtain the value
of [L]/[LP] and [L]/[LM] with Eq. (3):

[L] Iy 1
[LP] (ILP) % Ry,ip ®

(I, and I, are the intensity of the L and LP
signal obtained after analysis, R, ,; p is the quan-
tum yield ratio obtained for the starting spectra
and R, ,; p=8,P; /&, pdb,p=0.87).

Eq. (4) gives the molar fraction X as a function
of the experimental data:

1
ILP ILM
1+ (RL/LPXT) + (RL/LMXT
()]

X, =

We calculated X; , and X, ,, in a similar way.
After analysis of the fluorescence spectra we

obtained an experimental curve of molar fraction
as a function of the total protein concentration
(Figs. 3-6).

2.5. Theoretical model

A theoretical model is constructed to simulate
the experimental environment. A system of equi-
librium equations defines the binding model, and
hypotheses are made about individual species in-
volved in these interactions. We developed two
ways to test the assumed theoretical model:

2.5.1. Direct mathematical resolution

The direct resolution of the system of equa-
tions and unknowns [Egs. (1) and (2)] is only
possible with a simple model. We give an example
of the resolution of the system of L, P and M
(L = Mag-Indo-1, P = BSA and M = residual cal-
cium in water solution) when the probe L binds
to P and M. Two equations for LM and LP [Eq.
(1] have to be solved. We make the assumption
that there are n equivalent interaction sites in
BSA (same K, p). The second assumption is that
the calcium does not interact with BSA. It is
fulfilled when the concentration of calcium is low.
After mathematical resolution we find Eq. (5):

[P]total = [[L]total XXL +KdLP]

% L -1= [M]total
XL [L]total XXL +KdLM

S|

X (5)

The molar fraction X, is connected, in Eq. (5),
to the BSA concentration [P],,, with concentra-
tion [M],,,,, apparent number of interaction sites
n and equilibrium constants K, ,,, K4, p as vari-
ables. To compare the experimental and the theo-
retical curves, the variables K, ; p,n and [M],,,,
were computed with the solver of MS Excel [26].

2.5.2. EQUIL program

A second method was constructed to test com-
plicated models that cannot be solved by direct
mathematical resolution. We will call the pro-
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gram EQUIL. We assume that all reactions can
be separated in elementary reactions with stoe-
chiometric coefficient of 1. The elementary reac-
tion [as in Eq. (1)] can be described on the kinetic
point of view by a differential equation:

AP et x Pl - kLl = S ©)

We obtained as many differential equations as
reactions. The system of differential equations is
then resolved with respect to time with the known
numerical method RKCK (Runge Kutta embed-
ded by CASH and KARP [27]). The progress of
the reaction is measured by comparison of the
dissociation constant obtained from the concen-
tration given by the RKCK resolution and the
theoretical dissociation constant. The estimation
of the equilibrium state is done by (K., -K4
exp)/ (Ktheo + Kgexp)- Theoretical and experimen-
tal data are compared and the input values for
EQUIL are adapted until the calculated curve fits
with the experimental. This method allows study-
ing more complicated models. It was, however,
generally necessary to use the simplest model to
find a rough estimation of the dissociation con-
stant. With EQUIL, the three experimental curves
of X,, X, p and X, ,, are available for the fit and
give more complete results. In case a direct math-
ematical resolution was possible, it was used be-
fore curve fitting with EQUIL. All models pre-
sented here are tested with EQUIL.

3. Results
3.1. Native protein and Mag-Indo-1

Experimental measurements were done with
native BSA. Addition of BSA results in a de-
crease of the fluorescence signal of LM, the
metal chelate, and of L, the free probe. This
decrease is associated with an increase of the
fluorescence signal of the BSA /Mag-Indo-1 com-
plex. These results are represented in Fig. 1. The
chosen model is a three components system:
Mag-Indo-1 binds calcium as well as proteins with
n possible binding sites in the protein. Resolution

of the model by the simplest method demon-
strates a 1/1 binding between the fluorescent
probe and the protein. The dissociation constant
is Ky, p=025 uM. Ky, , was determined else-
where to be 0.7 wM [28]. The standard deviation
of the molar fraction X, , increases with high
protein concentrations (upper part of the curve,
Fig. 3). In this case, the intensities of L and LM
are very small. This induces a loss in the accuracy
of the resolution. We calculated the dissociation
constant (0.25 + 0.1 uM) and the calcium concen-
tration (approx. 10~7 M). The use of EQUIL
permits the testing of the model on three curves.
To obtain the correct X, ,, curve, the quantity of
calcium was increased to 2.5 1077 M. As a result,
the dissociation constant is K, , = 0.18 wM.

3.2. Apo-protein and Mag-Indo-1

To decrease the concentration of residual cal-
cium we used a drastic method consisting of a
dialysis against EDTA solution. The EDTA solu-
tion (5 mM) was changed two times every 24 h.
Subsequently, pure water was used (two times
every 12 h) to remove residual EDTA [29]. The
final protein concentration was calculated from
the absorption at 277 nm (BSA: &,,, = 38400,
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Fig. 3. Amount of Mag-Indo-1 bound to BSA in the presence
of residual calcium measured by fluorescence. The x-axis
represents the concentration of BSA in the solution in M. The
y-axis represents the three different molar fractions. Three
different data sets are shown: experimental data indicated by
full symbol, theoretical data obtained with EQUIL program
indicated by hollow symbol and direct mathematical resolu-
tion for X; as dotted line.
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Fig. 4. Influence on the dialyses on the binding of the probe
to the protein. The x-axis represents the concentration of
BSA in the solution in M. The y-axis represents the molar
fraction (X, p = [LP]/[L],o,)- Three pairs of theoretical and
experimental curves are shown: hollow symbols indicated the
experimental curves, dotted line the results of the EQUIL
calculation. X, p obtained with the commercial probe (hollow
square, line a), X; p obtained after the BSA dialyzed 1 day
(hollow triangle, line b), X, » obtain after the BSA dialyzed 2
days (hollow circle, line c). Theoretical points obtained with
EQUIL program based on the hypothesis of BSA denatura-
tion.

M = 60000) [30]. The experimental curves were
obtained as outlined in Section 2. The simulation
with a model of three components (L, P, M)
allows to give an apparent number of interaction
sites and a dissociation constant. The dissociation
constant was found in each case equal to the
dissociation constant of the native protein, 0.18
wM. But the apparent number of interaction sites
n decreases depending on the dialyze time. We
obtained n = 1 for the native BSA and n = 0.4 for
the BSA dialyzed for 2 days (results shown in Fig.
4). Investigation of the influence of dialysis on the
interaction of BSA to Mag-Indo-1 showed that
the apparent number of interaction sites n de-
creases with the dialysis time. n = 0.7 after 1 day,
0.4 after 2 days and 0.18 after 3 days (Fig. 4).

3.3. Systematic study: BSA, Mag-Indo-1 and EDTA

EDTA a commonly used chelator have been
suggested to bind protein [31]. EDTA is not fluo-
rescent and EDTA /protein interaction cannot be
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Fig. 5. Influence of EDTA on the binding of Mag-indo-1 to
BSA. Axes are labeled as in Fig. 4. Fig. 5a: Spectrum recorded
immediately after the mixture of the components. Three pairs
of theoretical and experimental curves are shown: hollow
symbols indicate the experimental curves, dotted line the
results of EQUIL for the model of four equilibria (LP, LM,
EM, EP). No EDTA [hollow square, line (a)], EDTA 5 x 10~*
M [hollow triangle, line (b)], EDTA 5 X 1073 M [hollow circle,
line (¢)]. Fig. 5b: Spectrum recorded after incubation of 1 h.
For comparison three experimental data sets of Figure a are
included in Figure b (hollow square for no EDTA, hollow
triangle for 5 X 10~* M EDTA, hollow circle for 5 X 107> M
EDTA). The full triangle (EDTA 5 X 10~* M) and full circle
(EDTA 5% 1073 M) represent data after the incubation.
Dotted line represents the result of EQUIL program after
introduction of the equilibrium Apo + Ca < P.

measure directly by fluorescent methods. How-
ever, since EDTA interferes with the binding of
Mag-Indo-1 to protein our method can be used to
monitor its influence indirectly. Fluorimetric de-
terminations with different concentrations of
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Fig. 6. EQUIL calculation predicting the influence of calcium
on the equilibrium L + P < LP under the assumption no
interaction between BSA and calcium exist. The x-axes repre-
sent the concentration in BSA in the solution in M /1. The
y-axes represent the molar fraction (X, ,, = [LM]/[L],y.))- Six
independent curves are shown. Hollow symbols indicate theo-
retical EQUIL data. The molar fraction X, ,, increases when
calcium is added: square (Ca>"=10"7 M), triangle (Ca>" =
1078 M), circle (Ca®>"=10"3 M), diamond shape (Ca’*=
10~* M). Full symbols show experimental results for calcium
concentration of 2.5 X 1077 (square) and 2 X 107> M (circle).

EDTA (0 M, 5x107* M and 5 X 107* M) were
done. Increase of the concentration of EDTA
results in a decrease of protein molar fraction,
X, p (Fig. 5). This decrease shows that EDTA
changes the equilibrium and the previous model
cannot be employed anymore. Accordingly, we
propose an interaction between EDTA and BSA.
We first developed a model consisting of two
equilibria:

E+P<EP K.p @)

L+P<LP Ky, (8)

where L is the probe, P the BSA and E the
EDTA. In this model we supposed that calcium
ions do not interfere with any of the compounds.
This assumption is correct since the resolution of
the fluorescent spectra gave 0 for the concentra-
tion of LM. A mathematically resolution of the
model was possible because it is a system of two
equations [Eqgs. (7) and (8)]. The total concentra-
tion in protein is a function of the molar fraction
X, p:

_ PX [L]total P X [E]total
[P]total =P+ KdLP iy KdEP+P 5
. . Kaip
with P = m 9)

We tested the complete model (calcium, EDTA,
BSA, Mag-Indo-1) with EQUIL. The model in-
volved four equilibria since calcium adds two new
equilibria (LM and EM). In that case we used
K, gpra.ca = 0.01 wM [32]. We obtained exactly
the same result as for the model with two equilib-
ria. The protein/probe interaction is described by
a 1/1 binding and the dissociation constant K,
is equal to 0.18uM found without EDTA. We
determined the dissociation constant of BSA and
EDTA to be K, gprap = 0.4 mM (Fig. 5a). Fi-
nally, two series of experiments (with EDTA =35
X 107* and 5% 10°° M) were carried out at
25°C: 30 min incubation, 1 and 2 h prior to
registration of the spectra (Fig. 5b).

3.4. EQUIL model limitation

Hirshfield et al. [8] had focused on the study of
the binding of a ‘Quin2’ probe to HSA by spec-
troscopic methods. They suggested two binding
sites between the probe and the protein with
dissociation constants similar to ours. They noted
the decrease of the number of Quin2 bound to
HSA when calcium was added. We decided to use
the EQUIL program to test the model of three
components (L, LM, LP) with increasing con-
centrations of calcium. The theoretical results are
represented in Fig. 6. Increasing concentrations
of calcium result in a decrease of the curve of
molar fraction X, ,. This decrease explained by
the competitive binding of the probe with both
calcium and protein is in accordance with Hirs-
fields’ results. We obtained experimental data (for
Ca=5x10"° M) to compare them with the the-
oretical data. The quantity of calcium that binds
the probe is lower than expected. This can be the
expression of a strong interaction of calcium with
the protein (low dissociation constant). A better
knowledge of the calcium and BSA interaction is
needed to make an assumption on the model and
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to reduce the number of unknowns to enter in
EQUIL.

4. Discussion

Protein—probe interactions have been shown to
occur with calcium chelating dyes. The binding
results in emission spectra changes. In the case of
Mag-Indo-1, it was shown that the carboxyl group
interact with the histidine residues of the protein
[22]. Bovine serum albumin (BSA) has 16 histi-
dine residues. Our experiments with native pro-
tein and Mag-Indo-1 allowed us to determine that
the commercially available BSA shows only one
histidine residue strongly linked to Mag-Indo-1. It
is possible that other histidine residues bind to
the probe with a higher dissociation constant
(moderate interaction) but we could not detect
them. The idea that other interaction sites exist is
in agreement with the value of dissociation con-
stants found in proteins other than BSA
[16,22]. The Mag-Indo-1 binds the BSA probably
at the A site [16]. Other binding sites with higher
dissociation constants are expected on the outer
surface of the protein. The presence of a high
affinity site does not allow quantification of the
low association constants of the other sites.

Using Mag-Indo-1 and the Apo-protein instead
of native BSA we found apparent numbers of
interaction sites < 1. Binding sites are either
present (n=1) or not present (n =0). Thus, we
interpret the value n = 0.4 as 60% of the protein
molecules do not bind anymore the probe. Dialy-
sis against water (without EDTA) for the same
time has no effect. The number of sites is one in
that case. This proves that the decrease in the
number of interaction sites results from the loss
of calcium. EDTA in solution cannot be the cause
for the reduction of bound protein since (i) it was
removed by dialysis; and (ii) it showed a com-
pletely different effect when the experiments were
done in the presence of EDTA as described in
Section 3.3. We propose the hypothesis that irre-
versible changes in the protein structure take
place during or after the loss of calcium. In its
new structure the BSA is not able to bind the
probe. To confirm this assumption, we increased

the dialysis time. Longer dialyzes times decreased
the apparent number of interaction sites repre-
senting 70, 40 and 18% of the remaining native
protein. However, it was impossible to recover the
initial protein (n = 1) either by simple addition of
calcium or by incubation with calcium (37 then
56°C, up to 2 days). When longer dialyzes were
applied the number of sites continued to de-
crease. This behavior cannot be explained by an
equilibrium. The fact that we were not able to
show the reversibility of the phenomenon (fold-
ing) suggests a denatured state (U). No change in
the absorption spectra has been observed indicat-
ing constant protein concentration. The Apo-pro-
tein obtained by dialysis does not bind anymore
to the probe in the A site, this is due to changes
in its structure. The binding of Mag-Indo-1 with
the histidine residue (A site) is certainly stabilized
by the surrounding amino acids since we found a
dissociation constant in micromolar range. When
the environment changes, the probe/histidine
binding is less stabilized and the dissociation con-
stant is higher. The difference in probe binding
between the native and denaturated BSA allows
monitoring the denaturation of BSA at physiolog-
ical pH with fluorescent measurements using the
Mag-Indo-1 probe. Therefore, Mag-Indo-1 can be
a useful tool to monitor the denaturation kinetics
[24] of globular protein [33] by fluorescence spec-
troscopy.

The systematic study with BSA, Mag-Indo-1
and EDTA (Section 3.3) was carried out for sev-
eral reasons: (i) initially, the experiments were
done in the presence of EDTA to eliminate the
interaction of calcium and BSA. This is com-
monly recommended in the literature but the
results were unsatisfactory; (ii) the hypothesis
proposed in Section 3.2, that a new protein struc-
ture is generated in the presence of EDTA could
be tested — and finally ruled out; and (iii) this
was an opportunity to test our model on a more
complex system.

Our experimental results showed that BSA/
Mag-Indo-1 and BSA/EDTA interactions oc-
curred as a 1/1 binding in the same A site. The
dissociation constant K, , =0.18 pwM with and
without EDTA. For the first time we determined
the dissociation constant of BSA and EDTA, K,
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epta.p = 0.4 mM. The fluorescent study shows the
binding of EDTA to BSA by the displacement of
Mag-Indo-1 from its binding site. This gives direct
evidence for the binding of EDTA to proteins
and confirms the interaction mentioned by other
authors [31]. The BSA binding sites for Mag-
Indo-1 and EDTA are identical under the condi-
tions used in the experiments. The relatively low
binding affinity of EDTA requires high concen-
trations to displace other ligands. However, milli-
molar concentrations of EDTA are commonly
applied in biochemical experiments. Our findings
indicate that under these conditions the fluores-
cent probe is displaced from the protein. We
emphasize the fact that EDTA has to be used
with care because the presence of EDTA disrupts
the Mag-Indo-1/BSA interactions. High concen-
tration of EDTA result in the formation of a
probe /EDTA complex. Our method (data analy-
sis and program to test model) allows the detec-
tion of the interaction of the probe with the
protein even in a complex system of other inter-
acting components like EDTA. However, the four
equilibrium theoretical model does not fit with
the experimental results below 1x107° M of
BSA and EDTA concentration of 5 mM. Accord-
ingly, we adapted the theoretical model. While in
previous experiment no degradation of protein
occurred the higher quantity of EDTA (5 X 1073
M) might lead to a degradation. Two new hy-
potheses were made and a new model was devel-
oped. In the first hypothesis we considered a new
equilibrium between the native BSA and an inter-
mediate BSA, I, which has a new structure (no
more interaction with Mag-Indo-1):

Pel+Ca Kyp (10)

The model is resolved with EQUIL. The curve
of the molar fraction as a function of the total
protein concentration with EDTA =5 mM fits
better with this new model. We obtained a disso-
ciation constant K,p, =107 M (Fig. 5b). How-
ever, under the same assumption that gave a
correct curve for 5 mM, the experimental curve
for EDTA =0.5 mM is different from the theo-
retical curve (Fig. 5). This led to the second
hypothesis that this equilibrium [Eq. (10)] is not

EDTA

From literature
From it / \@ 0,3 mM

APo + Ca ’ BSA
«Kd= 10 10M
« slow kinetics
Kd= 075;1& Kd=0,18 yM
Mag-indo-1

Scheme 1. Observed interaction between Mag-Indo-1, BSA
and calcium.

yet reached when the fluorescent spectrum is
recorded. To confirm this hypothesis, time de-
pending experiments were done. The mixture was
incubated up to 2 h prior to registration of the
spectra. As expected, the experimental data grad-
ually approached the simulated curve (5 X 10™*M
EDTA). No changes were noted for EDTA =5
mM. This allowed to give an estimation of the
dissociation constant: K ,; ~ 107! M for the
reversible P < I. In contrast to the reversible
P < [, irreversible denaturation appears during
dialyzes, Section 3.2. This second reaction is label
I — U. A three state model N < [ < U (N, native
protein; I, intermediate; U, denatured state) has
been proposed earlier [24,34-37]. Here we pre-
sent an estimation of the dissociation constant for
the reversible step of BSA denaturation, K, ~
1071 M

Energy transfer from the intrinsic chro-
mophore of BSA (tryptophan) to the probe was
shown previously in our laboratory [16]. The oc-
currence of energy transfer can be different in
each protein. Tryptophan and the interaction site
(i.e. the probe) have to be in close physical prox-
imity. However, qualitative data cannot be ob-
tained without prior information about the disso-
ciation constant and the interfering ligands in
solution. This paper describes a method to get
this information and to use the Mag-Indo-1 probe
for the investigation of protein structure in solu-
tion. In addition, the results presented here allow
the simplification of the possible interaction
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between BSA, Mag-Indo-1, EDTA and calcium as
shown in Scheme 1.
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