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h i g h l i g h t s

� Experimental approaches including
UVvis, F, DPV, LSV, and CV were
applied.
� The experimental data was

augmented and resolved by MCR–
ALS.
� Binding of NFR to HSA was modeled

by molecular modeling and MD
simulations.
� The results of experimental and

computational approaches were
compatible.
� The obtained results suggested that

the NFR binds mainly to the sub-
domain IIA of HSA.
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a b s t r a c t

For the first time, interaction of nuclear fast red (NFR) with human serum albumin (HSA) was studied by
experimental and computational approaches. Firstly, experimental measurements including fluorescence
spectroscopy (F), UVvis spectrophotometry (UVvis), cyclic voltammetry (CV), differential pulse voltam-
metry (DPV) and linear sweep voltammetry (LSV) were separately used to investigate the interaction
of NFR with HSA and interesting thermodynamics information was obtained from these studies. Sec-
ondly, new information including electrochemical behavior of NFR–HSA complex species, relative con-
centrations of the various reacting species and effects of NFR on the sub-structure of HSA was
obtained by applying multivariate curve resolution–alternating least squares (MCR–ALS). In this case, a
row- and column-wise augmented matrix was built with DPV, LSV, F and UVvis sub-matrices and
resolved by MCR–ALS. Surprisingly, by this method two NFR–HSA complex species with different stoichi-
ometries and different electrochemical behaviors were found. Furthermore, by the use of the recorded
voltammetric and spectroscopic data the binding constants of complex species were computed by EQUI-
SPEC (a hard-modeling algorithm). Finally, the binding of NFR to HSA was modeled by molecular model-
ing and molecular dynamics (MD) simulations methods. Excellent agreement was found between
experimental and computational results. Both experimental and computational results suggested that
the NFR binds mainly to the sub-domain IIA of HSA.

� 2013 Elsevier B.V. All rights reserved.

1386-1425/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.saa.2013.06.044

⇑ Corresponding author. Tel.: +98 831 4274557; fax: +98 831 4274559.
E-mail address: mbgholivand@yahoo.com (M.-B. Gholivand).

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 115 (2013) 516–527

Contents lists available at SciVerse ScienceDirect

Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy

journal homepage: www.elsevier .com/locate /saa

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.saa.2013.06.044&domain=pdf
http://dx.doi.org/10.1016/j.saa.2013.06.044
mailto:mbgholivand@yahoo.com
http://dx.doi.org/10.1016/j.saa.2013.06.044
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa


Introduction

Studying interactions of small molecules to biomacromolecules
such as protein or DNA is crucial for understanding many
biological processes at the molecular level. Many small molecules
like drugs, dyes, etc. bind to cellular serum proteins or DNA to ex-
ert their adverse and normal functions and a large number of stud-
ies have been recently undertaken in this direction [1–4].

Anthraquinone dyes are extremely resistant to biodegradation
owing to their fused aromatic structures, thus they have progres-
sively allured crucial attention from toxicological and environmen-
tal points of view, especially in light of the current increase in their
applications. However, little information concerning their hazards
to human has yet been accumulated, so, with the consideration of
human health, the examination on the correlation of anthraqui-
nones and toxicity was required. Nuclear fast red (NFR, Fig. S1,
Supplementary data) is a typical anthraquinone dye, and as general
anthraquinones, was often served as the counterstain in many bio-
logical experiments. While little attention has been paid to the bio-
logical influence of this dye, especially its binding properties with
the biological macromolecules such as proteins and nucleic acid
were even less.

Structurally, human serum albumin (HSA) is a non-glycosylated
consisting of a single peptide chain of 585 amino acids and consists
of three homologous domains, namely, I (residues 1–195), II (196–
383), and III (384–585), each domain being divided into sub-do-
mains A and B, and the overall structure is stabilized by 17 disul-
fide bridges [5]. The specific physiological activity of the
aromatic and heterocyclic ligands upon complexation with serum
albumin originates from the presence of two hydrophobic pockets
in sub-domains IIA (site I) and IIIA (site II) [6]. HSA contains a sin-
gle intrinsic tryptophan residue at position 214 in domain IIA,
where a large hydrophobic cavity is present, and its fluorescence
is sensitive to the ligands bonded nearby [7].

In general, the common methods used to investigate the inter-
action of proteins with small molecules include: UVvis spectropho-
tometry [8], FT-IR [9], electrochemistry [10], capillary
electrophoresis [11], HPLC [12], and NMR [13] among others; some
of these methods have been used to investigate the interaction of
small molecules with biopolymers with the aid of chemometrics
[14–19]. Fluorescence and UVvis spectroscopies can provide valu-
able qualitative and quantitative information about the binding of
ligands to serum albumin and the estimation of binding constants,
respectively. In general, electrochemical analysis is simple, easily
implemented, low costing and fast; as well, electrochemical data
can contribute to the elucidation of the interaction of small mole-
cules with biomolecules.

By the use of the augmented matrix methods it is possible to
combine data matrices of analyte profiles derived from different
analytical methods. In general, the results of such approaches
have indicated that the increased information in the augmented
matrix improves data analysis and subsequent interpretation of
the results [20]. However, combination of data matrices derived
from very different analytical techniques e.g. voltammetry and
spectroscopy, which monitor different properties of the analytes
in the system, are much less common. It is this area of analysis,
which is explored in the present investigation by the use of vol-
tammetry and spectroscopy for the analysis of interaction of
NFR with HSA.

The main objectives of this study were:

(I) We have employed experimental and computational
approaches, in an attempt to determine where and how
NFR binds to HSA under physiological conditions.

(II) Experimental measurements including CV, DPV, LSV, F and
UVvis were used separately and in combination to obtain

different information about the mentioned interaction as
well as the thermodynamic parameters involved.

(III) To evaluate the results of experimental section molecular
docking and MD simulations methods were used to investi-
gate the interaction of NFR with HSA as well.

Literature survey revealed that no attempt has been made to
study the interaction of NFR with HSA till date.

Theoretical background

The MCR–ALS is one of the most versatile methods capable of
resolving the system completely without assuming any model for
the change in the concentration of components during the process.
The MCR–ALS resolves any black system and applying appropriate
constraints in reaching a better resolution is helpful. The MCR–ALS
analysis decomposes the data matrix D into a matrix of pure con-
centration profiles, C, and a matrix of pure signals profiles, ST, re-
lated to the different involved species in the studied system. The
product CST reconstructs the original data matrix D with the opti-
mal fit, i.e., gives the minimum residual error, E:

D ¼ CST þ E ð1Þ

The general steps in the application of MCR–ALS to any kind of data
set are as follows:
1. Determination of the number of components in D (e.g. by singu-

lar value decomposition, SVD).
2. Building initial estimates of the C matrix (e.g. using evolving

factor analysis, EFA). The EFA has been designed as a chemo-
metric tool to monitor chemical processes [21,22]. The evolu-
tion of a chemical system is gradually known by recording a
new response vector at each stage of the process under study.
Mimicking the experimental protocol, EFA performs subsequent
principal component analysis (PCA) on gradually increasing
submatrices in the process direction, enlarged by adding one
new row (response) at a time. This procedure is performed from
top to bottom of the data set (forward EFA) and from bottom to
top (backward EFA) to investigate the emergence and the decay
of the process contributions, respectively. For a system with n
significant components, the profile of the first contribution is
obtained combining the line of the 1st s.v. of the forward EFA
plot and the line of the nth s.v. of the backward EFA plot (related
to the first contribution disappearing); the profile of the second
contribution relates the line of the 2nd s.v. in the forward EFA
plot to the line of the (n � 1)th s.v. backward EFA plot, and so
forth. In general, each element in the derived concentration pro-
file is selected as the smallest value between the forward and
backward s.v. lines to be combined [23]. The EFA was basically
designed to work with full rank data sets and a system should
fulfil the condition of full rank to be successfully analyzed by
EFA. Rank deficiencies can be broken by matrix augmentation
in the rank-deficient direction (C and S directions in this study)
[15].

3. Given D and C, least-squares calculation of ST under suitable
constraints.

4. Given D and ST, least-squares calculation of C under suitable
constraints.

5. Going back to step 3 until convergence is achieved. The conver-
gence criterion in the MCR–ALS optimization is based on the
comparison of the lack of fit (lof) obtained in two consecutive
iterations. When the relative difference in fit is below a thresh-
old value, the optimization is finished. The lof is calculated
according to the expression:

M.-B. Gholivand et al. / Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 115 (2013) 516–527 517



Download English Version:

https://daneshyari.com/en/article/7673525

Download Persian Version:

https://daneshyari.com/article/7673525

Daneshyari.com

https://daneshyari.com/en/article/7673525
https://daneshyari.com/article/7673525
https://daneshyari.com

