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In many cases neoplastic transformations are induced by an uncontrolled activity of membrane-bonded
protein kinases. The protein kinases can be blocked in the sub-membrane region if a medication gener-
ates localized activity specifically in this region. In our work, for such task we propose single-walled car-
bon nanotubes with a maleimide derivative at one end and a fluorescent probe at another. A conventional
Su-Schrieffer-Heeger model was generalized to include molecules composed not of carbon species only.
Calculations of the optical polarizability spectrum of the proposed molecule were carried out. A method
is suggested for probing the efficiency of the protein kinases blocking by monitoring changes in the polar-
izability spectra of the proposed molecules. To solve the problem of toxicity of the maleimide derivative
metabolites we also propose a possible application of the modeled molecule with a small nanotube
diameter.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction solution based on a single-walled carbon nanotube (SWCNT) ter-
In the field of modern day cancer research it has been estab-
lished that numerous malignant cell transformations are induced
by an uncontrolled activity of membrane-bonded protein kinases
(PKs), and, especially, of the growth factor receptors with a Tyr-ki-
nase activity (e.g., platelet-derived growth factor receptors, epider-
mal growth factor receptors, etc. [1]). Thus, elucidation of an
effective mechanism for blocking such protein kinases in neoplas-
tic cells is of a great importance in medical applications. Recent
studies show that the 1,3,4-substituted maleimides are good PK
blockers in neoplastic cells [2–4]. However, localization of the PK
blocking action of these compounds in a ‘‘mutated PK” region is
problematic. Another key issue is averting a potential toxicity of
the maleimide derivative metabolites and restricting their contact
with the cell structures. To address these matters we propose a
ll rights reserved.
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minated by fullerene hemispheres and bonded with a maleimide
derivative at one end and with a fluorescent probe Nile red at
the other.

In our previous work [5] it was shown that analysis of the
changes in the linear polarizability spectra for SWCNT makes it
possible to determine tubes’ type, i.e., metallic vs. semiconducting.
Based on this, it is of interest to investigate optical polarizability
spectra of a more complex bioactive system – SWCNT with a
maleimide derivative at one end and a fluorescent probe at another
– within the framework of the proposed generalized Su-Schrieffer-
Heeger model.

2. Methods, results and discussion

The proposed SWCNT-based model molecule is closed by half-
fullerenes and has a maleimide derivative (1-(phenyl)-3-(3-chloride-
phenylamino)-5-chloride-pyrrole-2,5-dion, C16O2N2Cl2H9) attached
at one end and a fluorescent probe (Nile red C20O2N2H17) at the other
. Sci. (2009), doi:10.1016/j.commatsci.2009.02.010
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Fig. 1. The proposed SWCNT terminated at both ends with half-fullerene hemispheres and linked to a maleimide derivative at one end (right hand side) and to a fluorescent
probe Nile red at the other (left hand side).

Fig. 2. Linear polarizability spectra for the proposed system (solid line), C60-
maleimide molecule (dotted line), and Nile red (dashed line).

2 O.V. Ogloblya et al. / Computational Materials Science xxx (2009) xxx–xxx

ARTICLE IN PRESS
end (Fig. 1). We have arguments [6] that support the idea that such
molecule will penetrate into the lipidic layer with its hydrophobic
end (the maleimide derivative) whereas the inert part of the mole-
cule (the nanotube portion) will remain outside. If this is right, due
to its chemical activity, the molecule will clip itself onto lipidic layer
and will remain active only in the sub-membrane region, where the
mutant PK is localized.

We generalize the conventional Su-Schrieffer-Heeger (SSH)
model to be suitable for calculations of optical properties of mole-
cules containing not only carbon atoms
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(priming of the sum indicates summation over the populated levels
only). This Hamiltonian leads to the following equations for the
wave functions:
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This equation is our generalization of the conventional Su-Sfrif-
fer-Heeger model. Our treatment of the pure carbon systems in the
framework of the conventional SSH model could be found in Refs.
[7–9]. In this work we consider molecules containing different
atomic species, therefore we have to introduce hopping integrals
(tij) between different types of atoms (i and j). Furthermore, we
introduce different spring constants Kij for chemical bonds be-
tween different chemical elements. For simplicity, we do not intro-
duce different electron-phonon coupling constants (aij) and thus
work within the aij = a approximation. From the
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within the independent electron approximation and the sum-over-
states approach, the linear polarizability is expressed as [10]
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where lnp is a dipole momentum. To account for the radiative
broadening of the electron levels we use C = 32 meV. We focus pri-
marily on the spatially averaged polarizability a

a ¼ ðaxx þ ayy þ azzÞ=3:

The linear polarizabilities of the studied system and of similar
molecules were calculated (Fig. 2). In our analysis we used the
following Coulomb repulsion parameters: U = 1 eV and V in 0.1–
0.7 eV range. As one can see from the plot, the polarizability spec-
tra of the maleimide/fullerene and the modeled molecule are
substantially different. Therefore, bonding of the modeled mole-
cule with PK will result in a conspicuous transformation of the
polarizability spectrum. Quantitative analysis of polarizability
spectra of the proposed molecule upon its introduction into a cell
culture will provide good estimate of the percentage of success-
fully blocked target PK.

We suggest another possible application of the proposed mole-
cule as a solution of the toxicity problem for the maleimide deriv-
ative metabolites. SWCNTs that are sufficiently thin and long could
be the good ‘‘keepers” because they would penetrate into the
membrane and be sufficiently large for autophagocytosis (capture
by lysosomes). After the molecule penetrates into the cell and
binds with PK, this complex may be autophagocyted and the pro-
tein part will be dissolved. The inert and stable SWCNT with the
maleimide derivative residue will become exocyted. Therefore,
contact of the chemically active derivatives with the cell ultra-
structures would be limited.

Existence of fluorescent probe at one nanotube end, on the one
hand, allows estimation of the binding efficiency of the target
. Sci. (2009), doi:10.1016/j.commatsci.2009.02.010
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molecules by observing changes in their polarizability spectra, and,
on the other hand, monitors their exocytosis and dissolution.

3. Conclusions

We proposed a new system consisting of a single-walled car-
bon nanotube terminated at both ends with half-fullerene hemi-
spheres and linked to a maleimide derivative at one end and to
a fluorescent probe Nile red at the other. Computations of the opti-
cal polarizability spectra were carried out within the framework of
our generalized Su-Schrieffer-Heeger model. The calculated polar-
izability spectra make possible quantitative estimation of the
bonding of the maleimide derivatives to protein kinases in
the sub-membrane and cytoplasm region. This, in turn, allows pre-
cise optimization of their activity and concentrations, as well as
estimation of the experimental time necessary for achieving a
Please cite this article in press as: O.V. Ogloblya et al., Comput. Mater
desired outcome. Such information should be valuable in a synthe-
sis of medications with an antineoplastic activity and their poten-
tial in vivo applications.
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