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ABSTRACT

Background: The aim of this work is to achieve a DNA sequence of the aptames gpecifically able to detect
the trinitrotoluene (TNT).

Materials and Methods: Amplification of nucleotide fragments (PCR) was performed using spaamaérs and

a library of random nucleotides (two determined sequences ofdl®lamucleotides faonnecting to primers and
78 randomized nucleotides in the centér)order to perfornSELEX' study using magnetic nanoparticles and
the EDG reagent, TNY as binds to albumin (TNBSA) was immobilized. After initial screening, PCR were
repeated on isolated pieces of nanoparticles using digoxigenin-{@id€lgd nucleotidesnlorder to evaluate the
aptamerfunction, using ELONA technique (Enzyme Linke®ligonucleotide Assay) and a specific abtic
antibody which is conjugated to peroxidase, the performance of aptamer for TNT detection wasFnaligd
this sequence is cloned into pBluescript plasmid and sequenced.

Results and Conclusion:The clonedaptamer has good efficiency for detection of TNT and could be used as
aptasensor for detection of TNT in future studies.
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INTRODUCTION
RNA or DNA functional oligonucleotide strands were called aptameeivedfrom Latin word aptus
meaning appropriateéTheytake a special threalimensional shapbased on the placement of nucleic
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2 1-Ethyl-3-[3-dimethylaminopropytarbodiimide hydrochloride
8 TrinitrophenotBovine serum albumin

4 Enzyme Linked Oligonucleotide Assay

ORe



Design of AptameBased Detector for Trinitrotoluene (TNT) and Review of ksf&*mance

acids. Aptamers often have higtendencyfor
their targetswhich is due tother folding
capabilityand can specificalland tightly bind

to their target. They can put small molecules
within themselves and alsdind to large
molecules such as protejri§-5]. Aptamersare
namedalso chemical antibodiesecausetheir
production process w@rtificial andis carriedout

in laboratory condibns, using the SELEX
cycle SELEX is a chemical combinatorial
methodin which from alibrary contairing 10"

to 10 singlestranded oligonucleotidthat are
generatedrandomly, onlythose exclusive for
their purposeareconnected andelected anthe
others are separateth washing stageand then
the binding aptamers are used fonext
amplification[6-9]. On the other handletecing
explosive compounds, especially at points of
entry such as airportss a securitypriority for
most countriesOn this bais, designing simple,
accurate andgpecializedequipmentin order to
detect explosives isf greatimportarce Today,

in addition to the use of newhemical and
physical techniques and technologies to detect
Nitro-aromaticcompounds, biotecmology is
also used for this purposeMany techniques
have been developed to identify Niro
aromaticcompounds that are not affordable in
terms of cost and response timaad therefore it

by making aptamer specific for theelated
analyte andusing auxiliary tools such as
electrochemical kits, time and cost tfiese
experiments can breduced

The aim of the present study to design and
manufacture specialized aptamer and TNT

detector

MATERIALS AND METHODS

-Predicing aptamer structurevith the help of
computer simulations

In order to design an aptamera library of
randomstrand withthe right lengthneedsto be
produced. Therit is theturn to synthegie this
strand. Strand synthesis stagés a time-
consuming and cdgt process Thus, simulation
software can be usedn order for synthesis
simulaton and prediction ofiptamer structure
Rosetta software wassed.Also, for obtaining
the bestinteractionbetween the aptamers and
TNT structure, (performingnolecular moadng
operations), thé&uto Docksoftware was used
-Amplification of sequences using specific
primers
After conductingstudieson detector aptamers of
Nitro aromaticcompounds, the aptametbat
was reported withRNA origin in previous
studies [10],was peparedby changinginto
DNA form, as a standarduccessionwith 86

is required to use methods that can operate with bp) as well as randorsuccessiorfwith 78 bp.

very little cost and time

Biosersors are dcilities needthat hasa major
role in detecing and identifyjng Nitro
aromaticcompounds These structures are able
to detect these compounds with high accuracy
Hence, aftethe studies conducted @ptamers,
Table 1- List of primers anduccessions

Kown sequencesind able to specific primers
(19 and 21 plongwith cutting site ECoRV, ere
designed on two sides of both succession
(Tablel). The structureof standardsuccession
regardinginteraction by TNTwas studied with
the help of computer simulations

Forward-T90 (21 mer)

5 - GGTATCGATAAGCTTGATATC 3

ReverseT90 (19 mer)

5 - GCTGCAGGAATTCGATATG 3

Standard (126 bp)

5- GGTATCGATAAGCTTGATATC

GGCAATCGGCCGCACGAGGGCATTATGCCGGCCCCCGCGTGCATGGTCTCT

TATCAGATGGTCAACACAATACCATGGCTCGAGCT
GATATCGAATTCCTGCAGG3

Random (118 bp)

5 - GGTATCGATAAGCTTGATATC78(N)GATATCGAATTCCTGCAGG 3

Amplification of random andstandard samples
was perfomrmed using thermocycler aR@€R
technique and .B percent agarose gel (with
TBE) was usedfor control test Also for
identifying presence ofaptamer indetection
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stage, Digoxigenin labeled nucleotid@dJTP)
wereused

-Screening using magnetic nanoparticles

In order to performprocessof SELEX, given
that TNTis a small and volatile chemical and its
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stabilization is difficult,therefore TNTbind ed
to albumin (TNPBSA, T-5050, Sigmag was
used so thatcan bestabilizd throughalbumin
Auxiliary method to speed up and increase the
accuracy in obtaining specificsuccession
(optimizing conditions)is stabilizationof TNP-
BSA through itsprotein section tothe amine
magnetic nanoparticleusing EDC chemical
reagent.Under the influenceof magneticfield
with aptamers thats addedto it after being
adced to themedium the collection is drawn
towardsthe magnet and washing will be done
better.In this method alspthe volume of TNP
BSA, nanoparticlavas added to a mediumitty
copper buffer0.1M (pH 5.5). Thento activate
amino group of nanoparticle and bindiitgto
TNP-BSA, it was incubatedor 1 hour along
with EDC (50 mg / ml). After this stagé& was
subjectedthe aptamer solutiofor 3 hours. 35
ml of sterile water \as added to the mictobes
andintense gptazh wagperformed It should be
notedthat washis done by copper buffer under
magnetic field One of the advantage of this
method can bamplification of aptamer without
separation from set (aptameranalyte
naroparticle)

-Evaluating performance of aptamer using
ELONA technique

For controlling performance of screened
aptamerin binding to target moleculeELONA
techniquewas used [11]This techniques like
ELISA in which oligonucleotide is usethstead
of antbody. In this method first TNP-BSA (1
mg / m) was stabilized in8Streepwells. Then,
the stagesvere performed as following

One hour incubation with blocking solution
(BSA 3%), three hoursincubation with labeled
aptamer solution,one hour incubation with
specific solution of monoclonal antibodies
against DIG (with of dilution 1/1000) which is
connected to peroxidasenzyme and finally
detection steps by TMB (Tri Methyl
Benzamidine) chromogeniperoxide substrate
At this stage, formation dack of formationof
greencolorin the samplesvasevaluated. Then
to stop the reaction, H2SOQ#las added andts
absorption wagead at 450 nm It should be
noted, after each of the above stepsshing

Ramin Torshizi,et al.

was done bybuffer TBS (pH 7.5) containing
Tweenfor 20, 3 b 5 times

Also, for labeing the aptamers,labeled
nucleotides Dig (dUTP) areused. Dioxigenine
is a steroidal compound that can alter
oligonucleotides. Thee probes can be detected
using antiDIG antibody and these antibodies
themselvesare also visiblewith fluorescent
colors

-Aptamer clone in plasmid

After screening andnvestigating performance
of the resulting aptamer, theelated specific
sequence was clonggtigation) in plasmidand
then resulting plasmid was transferred to
bacteria For this pupose, pBlueScripplasmid
was used that was cetxposed to the EcoRV
enzyme(making two bluntends). After cutting,
to inactivate the enzymeit was kept in
bainmarie at80 degreedor 20 minutes After
ligation, for transferring new plasmid
(pBlueScriptRT) into the bacterial celbacteria
must be susceptible. In this experiment the XL1
Blue strain E. coli bacterizvas used. The new
circular plasmid was transformed into the
bacterial cell.The goductwasconcentratd and
developed in LB-Agar medium cotaining
Amp'/X-gallPTG  BlueWhite  Screening).
Next, among white colonies (Indicating
presence of a plasmid containing aptamers
pieces), one colony was cultured in {B8oth
medium and using plasmid extraction Kkit,
extraction was doneFinally, after molealar
confirmation of the clonedfragment using
enzyme digestiormnd reaffirmation of aptamer
performance with ELONA method for
determining sequene with M13 universal
primers, cloned aptamer sequenceswas
obtained

RESULTS

-Analysis of thesimulation results

The results ofnvestigating simulatedtructure
based on the standard aptamer sequence (with
DNA origin) showedthat the predicte@ptamer
structure iswell ableto detectTNT andbind to

it. In studies performed for other family
members ofbenzae, otherstructures of this

! Ampicilin
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family also (of coursewith less intensity), are

Toluene
-4.69

Benzene
-4.29

Ortho Xylene

-4.89 -4.94

Para Xylene

able to interact with ik aptamer

TNT
-5.68

Figure 1- Investigation of the interaction and comparisobiotliing energy (in kcal / mol) of benzene family

memberswith the anticipate@ptamer
-Amplification of aptamer sequences

Similar results were also labeled amplified sequences
In the studies performed after amplification of sequences using specific primers, an aptametrtipégece i
desired size was observed in agarose gel, andesauthenticity of this piece is approved (Figure 2).
Similar results were also obtained in amplification of labeled sequences.

Figure 2- Analysis of PCR products using electrophorgdis DNA (100 bp)marker,(2) PCR product with a
standard oligonucldgme sequence as a templgf8) PCR product with random oligonucleotide sequence as a

template

-Screening using magnetic nanoparticles
Screening was performed by bindiftyP-BSA
to nanoparticles anth proximity of aptameter
library (with a length of 18 bp) It should be
noted that with regard to the use of
nanoparticles in the screenimgth a cycle of
SELEX was performed

-Analysis of amplification of
containing screenedsequences
After cloning thespecific aptameto plasmid, it
is requred to evaluate performance of the
aptamer To this end, pBlueScriiRT plasmid

plasmid
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(with  specific primers) was amplified.
According to the results obtaineding agarose
gel, aptamerfragmentexists within the plasmid

- Investigating permorance of theaptamer

The gtamer screeenedwvith standard aptamer
sample (as positive control) and aklong with
two negative controimodes (without aptamer
and TNRBSA), wasused (in controlledmode
without TNRBSA, theconditionis like positive
controls and only, ined of TNPBSA, BSA
has ben established in the pit floor, so that
performance ofhe aptameis evaluated).
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Figure 3-Left side shows ELONA technique strategy aigiht side shows theamplesabsorption curve

In the above curve; (1)s the first negdive
control, without presence of aptamé) is the
second negative contralvith BSA stabilization
insteadof BSA-TNP (in the pit floor) (3) in the
presence ofscreenedaptamer and (4) in the

used to detect explosive combinatieo far,
such as colorimetric methods, HPLC, @S,
which often containdifferent sensomethods.
Today, selecting a widerange of aptamers
capable of binding to small molecules, peptides,

presence of standard aptamer as a positive proteirs, cells and so with specificity, selection

control.

According to the resultebtained(Figure 3), the
resulting sequences highly specificcompared
to the consideredanalyte and even is more
specific than positive controlThe results also

show that the second negative control sample

(i.e, in stabilization stateof BSA insteadof
analyte)tends a littleto absorption by aptamer
that the can be ignored. Als@ssessing

sensitivity of the usedaptamer showed the least

amount of TNPBSA identified by the aptamer
is aboutlng.

- Determining sequenceof specificaptamer
Plasmid pBlueScripRT was sent tadetermine
sequence thatthe following sequence was
obtainedafterinvestigations:

5-
GGTATCGATAAGCTTGATATCCATGACG
CCGGTTCGTTGGGGATATCTCTTTCAAGA
CGACATGGGGATAGAAGC
GATAATTGTATATTGATTTTGCATGATAT
CGAATTCCTGCAGG3

DISCUSSION

andtendency, has developed eqtmland often
morethan theantibodies.

In the studies by Lan et al (2000) was
performed, TNT antibodiesere encloseéh the
solgel (derived from silica) to be used in safety

asessment. These antibodies are able to detect

TNT [16].

The research workarried out by Ehrentreicbt
al in 2008, specific RNA sequences amdT
compounddetectorwere obtained after 13 times
of screening. In theabove experiment, the
relatedanalytewasstabilizedin stationary phase
of the chromatographgolumn. Thementioned
sequenceRNA is singlestranded ands ableto
bind to relevant analyte withigh specificity
Using optical fiber,safety tendencyreactions
were used for the detection of sensiive
explosives [1]D

Also, in an experimentby Shankararresearch
group (2008), quick and labellesssafety
assessmenmnethods were creatddr detection
of TNT basedsurface plasma resonan(@PR)
Safety sensowith stabilization of TNPHKLH*
was createdon gold plate with absorption

Very high performance of the aptame has caused power. Among the four tested antibodieSnti-
researchers and scientists to have a positive tri nitro phenylpolyclonal antibody has the
attitude toward them. For this reason, in this highest sensitivity with detection limit of O@2
material various diagnostic methods are used in ng ml (2 ppt) TNT 17].

form of biosensors [125].0n the other hand,
several classical alysis methods have been
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! 2,4,6trinitrophenyl-keyhole limpet hemocyanin
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CONCLUSION

In the present study, the method of aptamers (in
the form of DNA) was used to detect TNT and
also ELONA technique was used tpeedup
target molecule detectialess. In this method
instead of using a large amount of random
library, screening and detection in very small
guantitiescan be performedAlso in this study,
magnetic nanoparticles were used for optimizing
the screening and therefore screenings
performedwith a cycle.

In order to achieve aptamer sequences with
more specificity it is required to increase
screening cycle and repeat experiemts on
similar compoundsof TNT suchas DNT or
toluene and benzene

The results of sensitivity of thismethod also
reflect relatively favorable performancef
aptamerin the detection of TNT that is required
to be developed in future studies
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