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ABSTRACT

Background: It has been expected that AS1411 aptamer could work against the 
cancer cells. Although the general information is available, there is still lack 
of details for the purpose. Therefore, activity of AS1411 aptamer against the 
nucleolin (NCL) target of cancer cells has been investigated in current work at 
the molecular scale. In addition, the same features have been also investigated 
for examining the activity of AT11, one of AS1411 derivatives. 
Methods: This work has been done employing in silico Molecular Docking 
simulations. Ten starting 3D configurations have been considered for each 
aptamer to be docked against the NCL target. Conformational search processes 
of ligands against the target indicated that the starting configuration of ligand 
could play an important role in determining the final complex formation in both 
of quantitative and qualitative aspects. 
Results: A04 and B01 are those starting configurations of AS1411 and AT11 
making the strongest complexes with the NCL target among other ligands. The 
analyses indicated that the complexes of AT11 are slightly stronger than those 
of AS1411, in which the NCL target structure is more involved in the chelated 
complexes with the AT11 in comparison with the AS1411. 
Conclusion: AS1411 and AT11 are specified for targeting the NCL of cancer 
cells for the diagnosis and therapeutic purposes. They have reasonable binding 
affinity and could work as possible inhibitors of NCL.
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Introduction
Cancer has been seen as one of the serious problems 
to the health quality of people all around the world for 
several years.1 Although the conventional therapeutics 
such as chemotherapy and surgery have been improved 
for better treatments of patients, but the problem is still 
remained unsolved.2 Besides, unwanted side effects could 
suffer the patients after using such treatments.3 Therefore, 
considerable efforts have been dedicated to find possible 
solutions for developing more efficient protocols of 
cancer therapy.4 To this aim, knowledge about details 
of mechanism of cancer growth prevention could help 
to reproduce novel therapeutics for this health problem.5 

In the case of pharmacotherapy, conditions of ligand-
target interactions in both quantitative and qualitative 
aspects are important to make a brighter decision about 
the efficacy of desired ligand for inhibiting of target 
activity.6 Such details could be very well recognized by 
employing the in silico methodologies on simulation of 
3D structures of molecular counterparts of interacting 
systems using computer systems and softwares.7-14 The 
quantitative binding energy could reveal information 
about the strength of ligand-target complex formation 
whereas the spherical shape could show the corresponding 
molecular configurations of interacting counterparts.15 
By the benefits of employing in silico methodologies, 
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details of ligand-target complex formation of AS1411 
and nucleolin (NCL) have been investigated in this work 
to evaluate further information about the mechanism of 
such cancer growth prevention. 

AS411, a nucleic acid aptamer, interacts with NCL 
with over-expression at the surface of cancer cells.16 
Interestingly, NCL is located inside the nuclei and 
cytoplasm of non-malignant cells; however, it will be 
expressed abnormally at the cell surfaces of malignant 
cells.17 This characteristic behavior has introduced NCL 
as a tumor biomarker of cancer cells, which could be 
detected by AS1411.18 In recent years, properties such 
as high-affinity binding with specific targets, chemical 
flexibility and tissue  penetrating  capability, have attracted 
attentions of researchers to examine the efficacy of nucleic 
acid aptamers in drug delivery systems especially for 
cancer cell growth preventions.19 Among which, nucleic  
acid based AS1411 aptamer has been seen in vivo to 
have selectivity against cancer cells for therapeutic 
purposes.20 Furthermore, a series of AS1411 aptamer 
derivatives including AT11, have been recognized by 
NMR structural analysis showing promising potential for 
developing anticancer ligands.21 AS1411 itself is a G-rich 
chain of nucleotides, in which it could be flexibly folded 
in different 3D shapes.22 Since the 3D configuration is one 
of the important influencing features of structure-activity 
relationship (SAR), it is an important task to analyze the 
effects of configuration of AS1411 on complex formation 
of ligand-target interacting systems with NCL.23 Hereby, 
activity of different 3D configurations of AS1411 against 
NCL has been analyzed in this work employing the in 
silico methodologies. 

Materials and Methods
In silico Molecular Docking (MD) simulations have been 
performed to examine the ligand-target complex formation 
of AS1411 against NCL. To this aim, 3D structures 
of each counterpart have been first obtained from the 
Protein Data Bank (AS1411: 2N3M and NCL: 2KRR) 
and then submitted to HDOCK server for performing 
MD simulations.24, 25 Ten 3D configurations have been 
assigned for AS1411 to be docked against NCL with 100 
number of conformation search for each configuration 
(Table 1 and Figure 1). The nucleotide chain of AS1411 
is (5’-GGTGGTGGTGGTTGTGGTGGTGGTGG-3’), 
in which the chain of its AT11 derivative is 

(5′-TGGTGGTGGTTGTTGTGGTGGTGGTGGT-3′); 
differences are marked with underline.18 Besides AS1411, 
the MD simulations have been also performed for ten of 
3D configurations of AT11 against NCL (Table 1 and 
Figure 2). The quantitative values of MDs results have 
been evaluated by so called docking score parameters 
showing the best conformation of each ligand against 
target in 100 numbers of conformational searching 
process assigned by the lowest value of energy (Table 
1). Moreover, the qualitative results representing the 
spherical shapes of aptamer-NCL interacting complexes 
have been extracted from the MD results for better 
clarification of effects of the initial 3D configuration of 
aptamer ligand on interacting process with the NCL target 
(Figures 1 and 2; AS1411 is shown by A and AT11 is 
shown by B). It is worth to note that the computational 
based studies could always reveal insightful information 
about the complicated biological systems.26-29

Results
AS1411-NCL Complexes

Conformational analyses of each of ten initial 3D 
configurations of AS1411 ligand against the NCL target 
have been done by the MD simulations of HDOCK server 
to evaluate the interacting complexes (Figure 1). It is 
noted that based on the original 3D structure of AS1411 
(PDB: 2N3M), ten possible configurations have been 
reported based on their rational stability. Hence, all of ten 
configurations have been considered as separated starting 
AS1411 ligands for the interacting complex formation with 
the NCL target. The HDOCK scores declare that the earlier 
hypothesis of this work to investigate the effects of structural 
configuration on the interacting process of AS1411 was true 
because of obtaining different values of binding energies 
for different starting configurations (Table 1) in addition 
to different conformational representation against the NCL 
target (Figure 1). A quick look at the panels of Figure 1 
indicates that the starting configuration plays a dominant 
role for localizing the ligand at the target site, in which 
different ligands are binding with different sites of NCL. 
The quantitative HDOCK scores also approves that the 
strength of interacting complexes are different regarding 
different starting configurations of AS1411 ligands, in 
which A04 has been seen to form the complex with the 
highest strength among all ten complexes of AS1411-NCL.  
Examining the results of other complexes shows significant 

Table 1: HDOCK scoring for each of interacting AS1411 (A) and AT11 (B) with the NCL target*

Aptamer AS1411 HDOCK Scoring Aptamer AT11 HDOCK Scoring
A01 -269.71 B01 -264.71
A02 -215.84 B02 -250.81
A03 -246.93 B03 -241.99
A04 -270.46 B04 -233.44
A05 -234.93 B05 -235.92
A06 -240.58 B06 -261.03
A07 -231.73 B07 -261.51
A08 -248.86 B08 -244.26
A09 -238.84 B09 -220.42
A10 -246.96 B10 -240.95
*See Figures 1 and 2 for schematic representations. 
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differences for the obtained values of HDOCK scores, 
in which the score of A01 is only close to A04 and the 
strength orders for all complexes of different starting 
configurations are A04 > A01 > A08 A10 > A03 > A06 > 
A09 > A05 > A07 > A02. For showing molecular details 
of interactions in complexes, the NCL sequence could 
be divided into two left and right sites in Figure 1; the 
left site is [GSHMVEGSESTTPFNLFIGNLNPNKS 
VAELKVAISELFAKNDLAVVDVRTGTNRKFGY 
VDFESAEDLEKALELTGLKVFGNEIKLEKPKG 

RDSKKVRAARTLLAKNLSFNIT] and the right 
site is [EDELKEVFEDALEIRLVSQDGKSKGIAY 
IEFKSEADAEKNLEEKQGAEIDGRSVSLYYTGEK]. 
The results indicate that the ligands are mostly oriented to 
interact with the left site but with different binding strength. 
Very much interestingly, A04 interacts with NCL through 
its 5’-part (5’-GGTGGTGGTGGTT) showing the highest 
strength but A02 interacts with NCL through its 3’-part 
(GTGGTGGTGGTGG-3’) showing the lowest strength 
of complexes. By emphasizing again on the importance 

Figure 1: AS1411-NCL complexes regarding ten initial 3D configurations of AS1411. See Table 1 for more details.
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of starting configuration of ligand, the trend shows that 
it could orient the AS1411 how to relax at the target site, 
as could be clearly seen for A02 and A04 complexes. The 
same story has been seen for other A complexes, in which 
the 5’-part of AS1411 could make stronger complexes with 
NCL in comparison with the 3’-part.

AT11-NCL Complexes
For exploring efficacy of AS1411 derivative activity on 

interacting with the NCL target, the features of AT11 

have been investigated and the resulted complexes have 
been compared with those of the original AS1411. Ten 
starting configurations have been employed in parallel 
with the configurations of the original AS1411, and the 
MD simulations with 100 numbers of conformational 
searching process have been performed to evaluate 
the formations of AT11-NCL complexes. The main 
difference between AS1411 and AT11 is additional of 
two T nucleotides; one T to beginning 5’-part and one T 
to ending 3’-part, besides replacement of one G of AS1411 

Figure 2: AT11-NCL complexes regarding ten initial 3D configurations of AT11. See Table 1 for more details.
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by another T nucleotide (see Materials and Methods). The 
changes of aptamer building shows significant effects on 
the interactions of AT11 with the NCL target as presented 
in Figure 2 in comparison with Figure 1. Interestingly, the 
structural configuration of NCL also detects significant 
effects of AT11 presence in comparison with that of 
AS1411. By the obtained HDOCK scores, B01 shows 
the highest stability and B09 shows the lowest stability 
of AT11-NCL complexes, in which the stability order 
is B01 > B07 > B06 > B02 > B08 > B03 > B10 > B05 
> B04 > B09. Comparing the average HDOCK scores 
indicates that the B complexes are slightly more stable 
than A complexes with the average score: -246 kcal/mol 
for B complexes and -244 kcal/mol for A complexes.

Discussion
Based on the importance of employing nucleic acid 
aptamers for cancer growth prevention, the activity of 
AS1411 against the NCL target has been investigated 
in this work employing the in silico MD simulations 
of interacting ligand-target complexes. Besides the 
original AS1411, AT11 has been also examined as one 
of derivatives with expected potency of interaction with 
the NCL target. Since the over-expression of NCL at the 
cell surface is a characteristic biomarker feature of cancer 
cells, aptamer binding with the NCL could have dual 
benefits of diagnosis and therapeutic for cancer problem. 
Therefore, knowing details of interacting aptamer-NCL 
complexes is important to be achieved in silico. 

Since the performed MD simulation was flexible for 
both of ligand and target, slight changes of NCL structure 
could be observed for the complexes of the panels of 
Figure 1 for AS1411-NCL complexes. Avoiding the 
changes of each structural configuration, localization of 
AS1411 ligands at the NCL surface should be carefully 
considered for targeted drug deliver purposes and to 
improve the efficacy of employed treatment for the cancer 
diagnosis and therapeutic purposes. As an advantage of 
in silico investigations in comparison with experimental 
achievements, the localization of ligand at the target site 
could be recognized at the molecular scale in addition to 
its binding strength. Earlier investigations also indicated 
that the AS1411 is a proper ligand for binding with the 
NCL target but almost without details of importance of 
starting configuration and finalizing localization of ligand 
at the target site.30 As a concluding remark of this part, 
it could be mentioned that the starting configurations of 
AS1411 is an important factor for assigning its activity 
against the NCL target with significant changes of binding 
energies of interacting complexes and the conformational 
localization of ligand at the target surface. The left site of 
NCL is a proper site for AS1411 to interact with, in which 
the 5’-part of aptamer is more proper for this purpose. 
And finally, such important configuration features should 
be considered for the targeted drug delivery purposes 
regarding the AS1411-NCL complexes.

The achievements of AT11-NCL complexes could mean 
that the activity of derivative has been slightly improve 
for more effective interaction with the NCL target, which 
is in agreement with the previous works introducing 

AT11 as a proper ligand.14 Furthermore, Figure 2 
represents that the AT11 is almost chelated by the NCL 
meaning that all structure of target is almost involved 
with the interacting ligand to make a chelated complex. 
Comparing with Figure 1, the target NCL structure was 
still free of influence of interacting AS1411 ligand in the 
complexes but this trend is more complicated for AT11 by 
re-configuration of the NCL sequence to make complexes. 
For drug delivery purposes, it could be mentioned that 
the dosage consumption of AT11 could be expected 
to be slightly lower than that of AS1411 based on the 
achievements in both of HDOCK scores and structural 
configurations. Molecular scale analyses show that in all 
cases the 5’-part of AT11 is involved in interactions with 
the NCL target in contrast with the obtained achievements 
about the 5’-part of AS1411 involving in strong and 3’-part 
involving in weak complex formations. As concluding 
remarks of this part, it could be mentioned that the AT11 
derivative could work somehow better than the original 
AS1411 in both of quantitative and qualitative aspects 
regarding the achievements of AT11-NCL complexes.

Conclusion
Within this work, we have performed in silico MD 
simulations to investigate the activity of AS1411 aptamer 
against the NCL target of cancer cells. Besides, the same 
features have been also investigated for examining the 
activity of AT11, one of AS1411 derivatives. By the 
obtained results, some trends could be concluded. First, 
the starting configuration of aptamer is important for 
both of AS1411 and AT11 to make strong interactions 
with the NCL target. Second, overall strength of AT11 
is slightly higher than AS1411 for complex formations 
with the NCL target. Third, 5’-part of AS1411 plays role 
of making stronger interactions with the NCL and 3’-part 
plays role of making weaker interactions whereas 5-part 
plays all roles in AT11 related complexes. Fourth, the 
NCL target is more involved in complexes with AT11 
than AS1411. Fifth, the NCL target could be very well 
recognized by both of AT11 and AS1411 with higher 
overall efficacy for AT11. And finally, A04 and B01 are 
those aptamers specified for targeting the NCL of cancer 
cells for the diagnosis and therapeutic purposes. 
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