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A B S T R A C T

The aim of this study was to introduce a prodigiosin-conjugated aptamer to attach to surface of brain cancer
cells. Crystal structure of glutamate receptor and 106 nucleotide aptamers were separately interacted in NVT
ensemble for duration of 50,000 ps at 310 K by Ascalaph designer software. Finally, delta intermolecular energy
(ΔINME) was separately obtained for each aptamer. For confirmation of simulation data, both brain cancer cells
and normal brain cells were cultured, and separately incubated with the best selected aptamers. Finally, the
adsorption percent of each aptamer was measured for both kinds of cells. Prodigiosin-conjugated aptamer 8, 10,
11, 23, and 69 could attach to all epitopes with high affinity and low ΔINME. In vitro test showed that all
aptamers could bind to brain cancer cells more than normal cells. Moreover, aptamer 10 had the highest ad-
sorption to brain cancer cells and the least adsorption to normal brain cells.

1. Introduction

It is necessary to improve the method of delivering drugs to the
target in brain cancer due to pharmacotherapy failure and inadequate
blood drug levels that cause life threatening. Current methods of
Pharmacotherapy do not lead to adequate efficacy and targeted drug
delivery (TDD). It is accepted that TDD appears more effective, espe-
cially in cancers that local effect of drugs is necessary to remove con-
founded factors from normal cells. Aptamers (apts) as novel drug de-
livery tools (NDDT) can access this purpose by conjugating them with
drug and on the other hand by binding to the targeted molecules and
deliver the drug to their target with excellent efficacy. Aptamers (the
word “aptamer” was derived from the Latin aptus meaning to fit and
Greek meros meaning region) are single stranded DNA or RNA oligo-
nucleotide with a 10 nucleotide length that can fold and bind to their
various targets with high affinity and specificity [1–3]. It is reported

that aptamers have three-dimensional structure, and can interact with
their targets similar to antibodies [1]. Oligonucleotide properties of
aptamers cause to specific biological and chemical specifications for
them and it has been shown that aptamer technology is a novel ap-
proach for different clinical applications, such as in vivo imaging, tar-
geted therapy, and in vitro diagnosis [4]. It has been indicated that
aptamers with their three dimensional structure have usually 20–60
nucleotide bases, and can fold due to intramolecular hydrogen forces
[4–6]. Production of DNA aptamers is more inexpensive than RNA
aptamers [7,8]. Aptamers can function as the sensors and also called
chemical antibodies [2,3]. Tertiary structure of aptamers in addition to
their skeletal structure indicates their characteristics [2,3]. Aptamers
are produced by SELEX (Systematic Evaluation of Ligands by Ex-
ponential Enrichment) from combinatorial libraries [1]. Design of
various aptamers is considered to deliver drug to the target and access
to drug level in blood at steady state [9]. Review literatures showed
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that natural pigments are produced in insects, plants, animals and
bacteria that have different properties and also environmental com-
patibility. Natural pigments are nontoxic, non-carcinogenic and are also
safe. Some of them are flavenoids and anthraqinones, which produced
in plants and animals [10]. One of the natural pigments is prodigiosin
that is produced in a bacteria called Serratia marcescens. Prodigiosin is
in vitro cytotoxic, anti-cancer and anti-malarial (cytotoxicity can be
measured with MTT assay) [10]. Prodigiosin is toxic for primary cancer
cells and useful in treatment of the patients with B cell chronic lym-
phoblastic leukemia [11], especially prodigiosin 25-C as a derivative of
prodigiosin that has also immunosuppressive activity [12]. Aptamers
can also be used in cardiovascular diseases [13], central nervous system
diseases [14] and the other diseases. Aptamers are considered as gold
standard drug delivery tools for their targets.

Crystal structure of glutamate receptor, GluA1, was obtained from
protein data bank (DOI: https://doi.org/10.2210/pdb3saj/pdb). Then,
the protein was segmented to 5 epitopes in Hyperchem software
(Fig. 1). Next, the geometry of each epitope was separately optimized
by gradient-conjugate algorithm in order to decrease potential energy.
Finally, each epitope was saved as pdb file. Hyperchem 8.0.10 was
sourced from MakoLab Company, USA. For building of aptamer library,
106 nucleotide aptamers were prepared with 2 kinds of nucleotides
named guanine(G) and adenine(A) in Hyperchem software. In the final
step, the 5′ end of all aptamers was attached to Prodigiosin as a bac-
terial cytotoxic pigment. The geometry of each aptamer-conjugated
Prodigiosin (Fig. 2) was separately optimized the same as epitopes by
gradient-conjugate algorithm. Finally, all of them were saved as pdb
file, and were separately interacted with each epitope by dynamic CS in
NVT ensemble for duration of 50,000 ps at 310 K by Ascalaph designer
1.8.94 which provided from Agile Molecule Company, Sweden. At the
end of simulation, delta intermolecular energy (ΔINME) was separately
obtained for each aptamer.

For confirmation of simulation data, the best selected aptamers
were evaluated in vitro. Two types of cell lines abovementioned in-
cluding brain cancer cells (U-87 MG) and normal brain cells (SK-N-MC)
were cultured in DMDM enriched with FBS in concentration of 10%.
Next, the cell suspension (10,000 cells/mL) was separately prepared,
and incubated with the best selected aptamers (100 picomolar) at 37°C
for 24 h. At the end, cells were centrifuged at 5000 rpm, and the optical
density of supernatant was read at 260 nm. Finally, the adsorption
percent of each aptamer was measured for both kinds of cells.

ΔINME for various epitopes of glutamate receptor after interaction
with 106 prodigiosin-conjugated aptamers was shown in Supporting

information. As demonstrated, each aptamer-conjugated prodigiosin
can interact with specific epitope. Table 1 shows the best aptamer
which could attach to all epitopes of glutamate receptor with least
ΔINME. As seen, aptamer-conjugated prodigiosin 8, 10, 11, 23, and 69
can attach to all epitopes with high affinity and low ΔINME. The se-
quence of aptamer 8, 10, 11, 23, and 69 was 3′-GGGGGGGAGGGGGG
GGGGGG-5′, 3′-GGGGGGGGGAGGGGGGGGGG-5′, 3′-GGGGGGGGGGA
GGGGGGGGG-5′, 3′-GGAAGGGGGGGGGGGGGGGG-5′, and 3′-GGGGG
GGGGGGAAAAGGGGG-5′, respectively.

Fig. 3 shows the adsorption percent of each aptamer for both types
of cells. As seen, all aptamers could bind to brain cancer cells more than
normal cells. Moreover, aptamer 10 had the highest adsorption to brain
cancer cells and the least adsorption to normal brain cells.

Review literatures showed that delivering of drug to the target
especially in cancers, which are life threatening is very important and
delivery tools are necessary to access this object [8,15]. Review lit-
eratures have also directed the aptamers as novel tools which appear
useful in Prostate and breast cancers [8]. Molecular dynamics simula-
tion is another beneficial tool to find new drug and aptamer, which
previously confirmed by other researchers [3,7]. Design of a physical,
chemical and biological TDDTs causes the blood drug levels at steady
state. TDDTs are mechanical pumps, polymers, micro particulate and
patches, which dermally used [6,9,16]. Aptamers have been shown that
to be beneficial tools in TDD for prostate cancer and breast cancer with
high affinity, specificity and selectivity. Aptamers can bind to various
targets such as small molecules, proteins, viruses and cells [17]. They
can bind to specific target molecules and even can bind to ribosomes
and other cellular proteins and then split in the presence of target
molecules. Aptamers have clinical and industrial uses. They also termed
chemical antibodies and preferred to them. A report directed success-
fully to use 10 nucleotides aptamers for applications [18] but to access
more accurate results, the decision was made to arrange 20 nucleotide
aptamers (totally 106 aptamers) by CS in above-mentioned research.
For this purpose the protein was searched in computer termed gluta-
mate receptor and was segmented to 5 segments that each one namedFig. 1. Five epitopes of glutamate receptor, illustrated by Hyperchem software.

Fig. 2. Schematic diagram of conjugated aptamer.

Table 1
The best aptamer which could attach to all epitopes of glutamate receptor with
least ΔINME.

Epitope number Aptamer number Intermolecular energy (ΔINME)

Epitope1 10 −5.146
Epitope2 23 −3.974
Epitope3 11 −12.781
Epitope4 8 −8.418
Epitope5 69 −8.024
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epitope (totally 5 epitopes numbered 1–5). Firstly, each segment was
exposed to each aptamer (totally 106 aptamers were considered) and
then the start and the end of ΔINMEs CS were read by calculating the
difference between them for each epitope. It must be mentioned that
although more aptamers could be selected, but it exponentially depends
on the size and kind of nucleotide. Since this work is a new research,
and has been done for the first time, there is no reference to show and
compare. Prepared aptamer-protein complexes were conjugated with a
bacterial pigment named prodigiosin (as a cytotoxic agent that is pro-
duced in Serratia marcescens) by ascalaph software [19]. Then, ΔINME
was calculated for each case and compared. After analysis of the results
for ΔINMEs, apts numbered 8–11 showed the least INMEs and con-
sidered to be probably the best ones to use as TDDT and can have po-
tential to enter BBB. This finding must be experimentally confirmed in
future to show the beneficial effect of this novel tool (aptamer) to de-
liver drug to the its target. Aptamers can be selected against toxic tar-
gets or non immunogenic. Aptamers have low immunogenicity and
high stability in room temperature, high PH and solvent. They are small
molecules and can enter the target faster. In addition to, aptamers with
low molecular weight have faster clearance and can also cause less
voice when imaging is necessary with the use of less irradiation [20].

The studies showed that aptamers can be produced easily and also
have chemical stability and high sensitivity in their function. Two of
their most important uses are in molecular imaging and TDDT [7]. It
was reported that aptamers can be used for the treatment of 4 common
cancers such as prostate, breast, colorectal and lung cancers in America.
But prostate and breast cancers were only responsive to them [1,17]. A
report pointed that a polyvalent aptamer was approved by FDA for
prostate cancer named macugen [9,21]. Abovementioned research by
CS indicated that aptamers numbered10 and 11 are polyvalent because
they can interact with all of the epitopes. Even it was reported that
antibody based drugs as TDDT can be used for cancer therapy. Targeted
drug delivery has numerous advantages such as aptamer conjugated
drug that is a drug delivery model (conjugated doxorubicin with ap-
tamer that has advantages in cancer chemotherapy in comparison with
doxorubicin without conjugation with aptamer. Review literatures
showed that interaction between aptamers and cell surface receptors

can cause agonistic and antagonistic effects on biologic functions and
finally cancer cell death [4]. Since prostate and breast cancer are the
most common cancers in many countries and both of them are hor-
mone-dependent, therefore aptamers were recently considered for the
treatment of them. RNA aptamers can bind to metastasis-prone prostate
and breast cancer cells and showed to be useful tools for cancer therapy
[21]. Research in relation to cancer stem cells (tumor initiating cells)
and prevention of metastasis introduced an oligonucleotide aptamer-
based biomarker named AP-9R that has excellent affinity and specificity
to bind lung stem cells. In conclusion, aptamer-based treatment as
useful tool can help to prevent progression of cancer and be also useful
in diagnosis and treatment of cancers [22]. Aptamer can be also useful
as a biosensor in detection of a protein called platelet-derived growth
factor BB(PGDF-BB) and can cause cancer [23].

Taken together, aptamer 10 could attach to all epitopes of glutamate
receptor with high affinity and low ΔINME. Although this attachment
induces conformational change of glutamate receptor, a pathway is
shown to direct targeted delivery of aptamer-conjugated prodigiosin to
kill cancer cells. In vitro and in vivo experiments must be considered as
a suggestion to confirm aptamers as novel TDDTs. An aptamer can be
nestled into its target with various clinical applications.
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ΔINME for various epitopes of glutamate receptor after interaction
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