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ABSTRACT 

Intentional release of pathogens or biotoxin against humans, plants, or animals is an impending threat all over the world. 
Continuous monitoring of environment is required for their detection. These signals can help to distinguish whether the 
bioattack has occurred or not. Biosensors utilise biological response including different biochemical reactions, antigen 
antibody reactions, electrochemical reactions, aptameric reactions etc. The currently available biosensors have a limit of 
detection, specificity and less linearity which affect their sensitivity. Aptamers are single stranded oligonucleotides 
binding species which are capable of tightly binding to their distinguishing targets. They are evolved from random oli-
gonucleotides pools by using different strategies. These are capable of conscientiously distinguishing their target 
ligands. They have high sensitivity and a wide range of detection limit. The versatility of nucleic acid based methods 
allowed for the design of specific aptamer sequences, typically on the order of 10 to 30 base pairs in length, identifying 
the different biothreat agents in the environment. By using different bioinformatics tools we can design RNA aptamers 
for toxins of lectin family. 
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1. Introduction 

Biological warfare agents include use of certain bacteria, 
virus, and toxin of certain plants, animals, fungi and bac-
teria. Dedicated biosensors that have high sensitivity, 
linearity and less reaction time are required for their early 
detection [1]. Biosensors are analytical devices com-
posed of some biological recognition including the use of 
biochemical reactions, antibody antigen reaction, elec-
trochemical reactions [1,2]. These responses directly are 
interfaced to signal transducers which together relate the 
concentration of an analyte to a measurable response. 
Aptamers are synthetic single stranded oligonucelotides 
DNA/RNA which specifically bind to the target mole-
cules, proteins, nucleic acids and even cells [3-5]. The 
etiology of the term aptamers is from the Latin word 
“aptum” meaning “to fit” [5]. It works on the basis of the 
lock and key between the aptamers and the targets mole-
cule. This depends on the interactions between the 
DNA/RNA to their corresponding target and can be used  

for early detection and monitoring purpose [6]. The trans- 
ducer will convert any physicochemical changes taking 
place in its proximity into visible signals [7,8]. These are 
based on electrochemical, optical, mass-sensitive, ther- 
mal and electronics principles. The biosensors based on 
the antibody antigen detection have several limitations i.e. 
antibodies against non-immunogenic or toxic substances 
cannot be obtained [9], irreversible denaturation after 
heat treatment. These limitations are inherent in the ex-
isting range of biosensors. But the biosensors based on 
the aptamers are not having these limitations [10]. So 
keeping this in our mind we attempt to identify the ap-
tamers for the different targets by using the computa-
tional biology tools for early detection of the threats. We 
had chosen the two toxins of lectin family that are highly 
toxic and no antidote available to them only symptomatic 
and supportive treatments are available [11,12]. 

The detailed and precized study of aptamer-apatope 
interaction and evolutionary processes induced by the 
interplay lag behind the wide application of the SELEX 
products [13]. The binding property of aptamer is a func-*Corresponding author. 
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tion of both sequences and structure. Generally the pro- 
duct of last cycle of SELEX was taken and sequenced 
and examined for the possible sequence motifs using 
different motif binding programs [14,15]. Binding assays 
were allowed for the quantification of the binding streng- 
th considering the region as functionally active [16]. The 
different bioinformatics tools have opened the door to 
understand the interactions of aptamer and their corre- 
sponding target. So we had chosen those sequences that 
had minimum free energy (MFE). The binding energy of 
the target and the ligand should be as low as possible. In 
this present paper we attempt to isolate some sequences 
of ss DNA/ RNA aptamer and predict their secondary 
structure based on minimum free energy [17-20]. 

2. Materials and Methods  

2.1. SELEX Libraries 

We had created a randomized library of 108 - 109 DNA/ 
RNA [18,19] then sequences were chosen and their struc-
ture were predicted by using the different tools available. 
We had used RNAfold (http://rna.tbi.univie.ac.at) web 
server and 3D-DART for prediction of the ss DNA/RNA 
molecules. RNAfold webserver [21,22] is an online tool 
that predicts the structure of the single stranded nucleo-
tides which based on the minimum free energy (MFE). 
We had got the detailed thermodynamic description (loop 
free-energy decomposition) of our ss DNA/RNA struc-
tures. We had calculated the thermodynamic ensemble 
prediction which was based on the free energy of the 
thermodynamic ensemble (kcal/mol), frequency of the 
MFE structure (%) and ensemble diversity of the ss 
DNA/RNA [22,23]. The 3D-DART webserver (3DNA- 
Driven DNA Analysis and Rebuilding Tool) provides a 
convenient means of generating custom 3D structural 
models of DNA. 3D-DART uses the DNA rebuild func-
tionality of the well-known software package 3DNA 
[24,25]. The sequences obtained from the analysis were 
chosen for the docking proposes and the using two web-
server were compared and then by using the HADDOCK 
[26,27] we had chosen those sequences that were having 
a low binding energy. HADDOCK (High Ambiguity Dri- 
ven protein-protein DOCKing) is an online software that 
provide information-driven flexible docking approach for 
the modelling of biomolecular complexes [23,24]. We had 
used toxin ricin and abrin as the target and the ss DNA/ 
RNA sequences as the ligand molecules for getting the 
sequences of lower entropy units of aptamer and apatope. 

2.2. Ricin and Abrin 

Ricin from Ricinus communis, is a highly toxic, naturally 
occurring protein. Abrin is a toxalbumin that is found in 
the seeds of a plant called the lucky bean, rosary pea or 
jequirity pea Abrus precatorius. Abrin is similar to ricin 

but far more deadly than ricin, the toxin found in the 
seeds of the castor oil plant [11,12]. The different protein 
database bank (PDB) has enough information related to 
the toxic proteins. We had taken PDB files of these pro-
teins from the database and then use them as the target. 

2.3. Selection of Aptamers 

Aptamers are generally evolved by a combinatorial bio-
chemistry technique in which “Systematic Evolution of 
Ligands by Exponential enrichment (SELEX)” take place 
[19,21] These molecules are designed to bind with high 
affinity and high specificity to wide range of molecular 
targets (apatopes), small organic molecules [9,10] protein 
molecules and to entire cell [12] (Figure 1). Due to their 
structural ability and diverse functionality in a wide 
range of pH and temperature make them ideal candidate 
for a broad spectrum of different in vivo tools [13-15]. 
The experimental design of SELEX is based on the as-
sumption that a large pool of sequences is likely to con-
tain nucleotide strands that are capable of binding to any 
target molecule [21,23]. In the traditional SELEX proto-
col there are five steps in one selection cycle: incubation, 
binding, partitioning and washing, target bound elution 
and amplification [15,16]. The nucleotide species in the 
pool potentially bind the target of interest which depends 
on the specificity sequence. In the last of every cycle the 
non binding species removed and bound species were 
eluted and amplified, forming the input for the next 
round. The SELEX methods started with the random 
sequence library of ss nucleic acid DNA/RNA. Generally 
these contain 20 - 100 nucleotides in length [25]. The 
more the randomization of ss nucleic acid sequences 
provides a wide range of diversity 4n where n refers for 
the number of nucleotides that were used for the selec-
tion of aptamers [2,6,17]. Libraries containing these nu-
cleotides were flanked by the constant sequences for 
priming or capturing. Then individual aptamers were 
clones can be generated and tested for target binding af-
finity and specificity. 

3. Results and Discussion 

The approach which based on the assumption that if we 
predicted the aptamer structure by using different bioin-
formatics tools. Then if we calculate the energy of bind-
ing of aptamer and apatope we can easily isolate different 
the single stranded ss DNA/RNA sequences that were 
based on the difference in the energy of the target and 
ligand. The sequences which can be used as aptamer 
chosen from the fact that lowers the entropy of the sys-
tem higher the stabilization of the system [18-20]. The 
sequences for ricin and abrin which had the lowest values 
of the MFE had shown a wide range of the binding coef- 
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ficient [18]. The major result of secondary structures 
shows promising values for the binding of the two pro-
teins and their different parameter given in the Table 1. 
In the process of selection of the different ss DNA/RNA 
we had identified some sequences that were showing a 
high value in the in silico studies. We had isolated the 
sequences from a randomised library of 108 - 109 to find 
out the ss DNA/RNA sequences by the use of online 
tools RNA fold and 3D-DART. Analysis of the docking 
result had shown the values of binding energy in rage of 
−6.56 kcal/mol to −10.68 kcal/mol. Molecular dynamics 
study we had found out the least energy binding se-
quences. The sequences obtained from the RNA fold 
webserver is shown in the Figure 2. The sesquence 
shown in the (a) was found to be having least binding 
energy −9.8 kcal/mol for ricin molecule while the se-
quence (b) and (c) had −6.56 and −10.8 kcal/mol. The  

secondary sequences which had the higher MFE and had 
pseudoknots were not found to be promising candidate 
for aptamer. We had also search for the sequences that 
show homology to our sequences running BLAST 
(http://blast.ncbi.nlm.nih.gov) at NCBI but there is no 
significant correlation found by this similarity-searching 
tool. 

4. Conclusion 

The single stranded sequences were binding to their tar-
get with high specificity and they work as the mono-
clonal antibodies do. For isolation of the appropriate se-
quences binding to the target is generated from the li-
brary that had a random large pool of the nucleotide se-
quences. The sequences which have the lower MFE and 
have low values of the frequency of the ensemble diver- 

 

 

Figure 1. Schematic steps in selection of aptamers by using the SELEX techniques. 
 

Table 1. Values of different parameters for different aptamer sequences. 

Thermodynamic Ensemble Prediction 
Sequences of ss DNA/RNA  

from randomized library 
Minimum free energy (MFE)

(kcal/mol) Free energy of the thermodynamic 
ensemble (kcal/mol) 

Frequency of the  
MFE structure (%) 

Ensemble diversity

ASRI-12 −3.50 −4.91 10.23% 11.92 

ASRI-50 −2.20 −3.97 5.65% 13 

ASRI-126 −3.90 −4.90 19.34% 11.26 

ASRI-235 −4.20 −5.23 18.89% 12.80  

ASRI-504 −3.50 −4.62 16.27% 16.03 

ASAB-516 −4.67 −6.46 5.71% 8.99 

ASAB-96 −6.10 −6.09 26.47% 6.12 

ASAB-222 −3.50 −4.91 10.23% 11.92 

ASAB-223 −6.60 −7.20 37.85% 6.42 

ASAB-312 −3.00 −4.28 12.46% 10.26 
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Figure 2. The structure of the top three ss of DNA/RNA sequences based on RNA fold. (a) sequence has higher probability 
binding to the ricin molecule (b) and (c) sequences have higher probability binding to the abrin molecule. 
 
sity have appeared promising candidate for aptamer for 
the ricin molecules. The bioinformatics tools play im-
portant roles in the selection of the aptamers. The pre-
dicted ss DNA/RNA which is based on the online tools 
plays a important role in selection of the aptamer se-
quence. The molecular dynamics studies using HAD-
DOCK had shown the interaction of the aptamer with it; 
apatope had shown the most promising sequences. We 
had isolated the sequences based on the molecular dy-
namics and secondary structure of the ss sequences of the 
aptamers.  
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