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ABSTRACT

Aptamers are the synthetic oligonucleotides which are short single -stranded in nature with having three -dimensional shape or
structure. From the past few years, Aptamers as inv entive targeting molecules play an important role in the biomedical field.
Aptamers are generated by the method termed as SELEX. Aptamers have a unique feature in which they bind to the desired
targets or the receptors on the cell membrane utilizing their high affinity and specificity. So, for drug delivery as targeting
ligands, aptamers can be provided. In the research field, for monitoring the environment and ensure the food safety aptamers

are generally used. They also used as a therapeutic agent and pla ys an important role in clinical diagnosis. An Aptamer is a
fascinating tool that is mainly used in molecular biology applications, as well as potential pharmaceutical agents and the re ason
behind this fascinating tool, is the various unique properties of the aptamer. Aptamers have more advantages over antibodies.
They can be selected against bacteria and viruses. This review provides an overview of the development of Cell -Specific aptamers
for targeted drugs along with the advantages, uses, and application s of aptamers.
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INTRODUCTION: - applications range from therapeutic uses to biosensors for
ptamers are the synthetic oligonucleotides that atarget dgtect@oﬁ Aptamers have_extraordinary advan_tages
short, singlestranded in ature possess specific Ver Antlbodlgs. Aptamgr contains not only genotypic bu'g
- i also phenotypic properties that are capable of hereditary in
threedimensional shape or structure that A selectior?
prescribed by their sequence which having the high
capability and specificity to bind with a target molecule’s the new level of aptamer applications, Aptamer
are usually developed via in vitro process by ceaseldssightened against membrane receptors have been
screening process afomplex nucleic acid libraries thatexploited as targeting agents and carriers for delivery of a
process termed as Systemic Evolution of Ligands kwariety of reagents to specific the type of cell tiséues
Exponential Enrichment (SELEX) given by Turek andiptamers increase the accumulation of déipeutic agents
Gold in 1990 which aims to find an RNA aptamer sequenby the specific interaction between the aptamer and its
that would bind T4 DNA polymeraS8SELEX is a receptor of the cellular membrane. Utilizing receptor
revolutionary pocess, includes successive rounds ohediated endocytosis cellular intake was allowed by the
selection and amplification for enriching the aptamenternalization of aptamer so that the drug's local
library for high affinity aptamer. So, employing SELEXconcentration in the tgeted cells or tissues increased.
candidates are screened and characterized which furtiérereas entrapment in endocytic vessels and successive
used in different types of applications. Mainly theendosomal release is the major drawback for the application

ISSN: 2320-4850 [150] CODEN (USA): AJPRHS


http://ajprd.com/
http://dx.doi.org/10.22270/ajprd.v8i4.790

Sadar et al Asian Journal of Pharmaceutical Research and Development. 2020; 8(4): 150-159

of aptamer as drug delivery vehicles and because of thie production of monoclonal antibodies needed by work
largescale various activity are conducted for ethintensive biological systems, aptamers can be synthesized
improvement of efficiency of intracellular delivery bychemically.(c)Beyond a broad rangé temperature and
developing aptamer compatible endosomal strategies. Btwrage conditions aptamers are structurally stable by
example, Aptamer which acts as environmsgtisitive maintaining the ability to form their unique tertiary
nanocarriers could facilitate the cellular uptake and increasteuctures.

endosomal releaSe In the research field, to monitoring the environment and

The Aptamer is a fascinating tool which is mainly used iensure the food safety aptamers are generally used. They
molecular biology applications as well as potentialso used as a therapeutic agent and plays an important role
pharmaceutical agents and the reason behind thislinical diagnosis.

fascinating tool is various unique properties of an aptan]_e[( N . . .
: . : ike antibodies, aptamers recognize their target and binds
such as (a) Maximum aptamer binds to thegéts with to it. They pose no advantages like no batch to batch

demonstrating typical dissociation contrasts which includes .~ .. ; ey : .
the range from Pico to nanometer, with high specificity a Vc?”ab'“ty' high m9d|f|ab|l|ty, shorter generation time,
affinity. Binding sites present for the aptamers contain cle gher target potential and better thermal stabiliy.

and grooves of target molecules with including enzymeéscomparison of the demanding features of aptamers shows
can give antagonistic properties that are analogous that how aptamers can supplement monoclonal antibodies.
various currently available pharmaceutical agents.(b)For

Table: 1Advantage of Aptamers over Antibodies.

APTAMERS ANTIBODIES
Synthesis In vitro process. In Vivo process.
SELEX takes near about& weeks. SELEX takes more than 6 months.
Synthesis is cheap. Synthesis is expensive.
Synthesis method enzymatic or chemical synthesis By using cell culture or laboratory animals
Affinity High. Depends upon the no of epitopes present on the antige
Specificity High On the same antigen different antibodies can bind.
Kidney filtration Rapid. Slow.
Stability High Low
Shelf life Long Short
Size Small molecules . By comparison its relately large.
Modifiability Without reduced activity easily modify. Modification often leads to activity reduction.
Target potential From small molecules to whetll and live animal. Target requires a strong immune response for
production of antibdies.
Targets Wide range Immunogenic molecules
Cost Cheap expensive at large scale

1.1 SYSTEMATIC EVOLUTION OF LIGANDS BY oligonucleotides. The constant enrichment processep

EXPONENTIAL ENRICHMENT: - elution of bound oligonucleotides and their consecutive
. amplification by means of Polymerase Chain Reaction (
From a random singlstranded RNA/DNA sequence pc’OlPCR ) which results in a final product of nucleic acid

oligonucleotides can determine which is carrietitbcough aptamers. After the development of SELEX in 1990 better

in vitro select_lon termed as SELEX which is d_eveloped_Wmdhcications and achievementsere done in aptamer
1990 by two independent research groups. It is an in vitfg

way which determines binding affinities of drug, peptideé.?elgcs:tll?kr; Current SELEX method generally involves some
proteins and small molecules to either RNA or DNA. It is a

constant s@ening process in which RNA, singd&randed a) Selection of random library with targets

or doublestranded DNA molecules are selected from a b) Separation of bound aptamers from unbound

large pool of oligonucleotides of alternative sequences c) Amplification by using PCR of bound sequences
followed by numerous rounds of enrichment of bound
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Figure: 1 Systematic Evolutio®f Ligands By Exponential Enrichment ( SELEX ):

To generate aptamers by using SELEX methddchnique this is because of untagged proteins could not be

oligonucleotide libraries (as nucleic acid) play an importaaccomplished. Though, Magnetieads are a technology by

role. Classical SELEX libraries are 10 10 molecules which specific aptamers can be selected without the

which have 2670 long nucleotides. They follow sequence bounding process for target protéin

of arrangements 1i86 3segmad Jurmehr a 30 . .

sequence, random nucleoti (}%Eﬁ'{??ﬂbl%?ﬁ@'"?@ @Iéran ngS S I‘E)s<equen(
. is a]'n]etho in which a Iegst 1éound of selecucgn.

parts respectively. AN "Viere ' fdllowed:> Via Niroellulbse membrand %aptamers

sequence part of oligonucleotides library is2ZBBbase long & ’ P

and in betweed 6 and 306 sequencesseQahateer'e is the presence of

random sequence which have a range from 20 to 4.3 Capillary Electrophoresis SELEX: - In

nucleotide$ conventional SELEX method about more than 15 rounds is

Along with Classical libraries, various libraries also use{]equtiredh - .forgELAé))t(amers. GEdE.f.LEdX S%Lé)?pillartyh d

for SELEX methods like Genomic sequences or free §|4ec lrop grQSISzod&M | IS ha" mo Ihled ; t:ne g

fixed sequence, structurally modifiea sequence which is o - In this ‘method from unboun

sequences, the target bounded sequences are separated by

known. A library which includes -8\ nucigiEERa 7Ing ctrophoresis mobility difference, which is a highly active
fixed regions on both sides used for SELEX termed as fixgbe P y ’ ghly
eparation method.

of free sequence oligonucleotide library. (tailoreé
SELEX)'. In Genomic SELEX genomibased libraries are 1.1.4 Celt SELEX:-

used. Furthemore, to examine sequences like translatlog niels et al. Firstly developed the Cell SELEX method in

03 ad against Tenasci@ a DNA aptamer was
ccessfully obtained by using a glioblastedesived cell
ine, U251°. For the improvement of the success rate of
aptamer screening various types of modified cell SELEX
Another one is structurally modified libraries in which anethods are established. Hicke et al developehybrid
secondary structure (Hairpin,-@uartets, vs) is formed by SELEX method in 2001 which merged the purified protein
building a random region between two fixed sequences fosised SELEX and advantage of CRHLEX'®

selecting more stable aptamers against the target md’lecu@e” SELEX utilizes a live whole cell as a target by which

Certain modified SELEXnethods are set up with respect tehe possibility of selected aptamers was increased to be
research goals such ds Affinity Chromatography and used for therapeutic and diagic use. CelSELEX has
magnetiebased SELEX, Nitrocellulose  membranemany advantages in comjsm with in vitro SELEX like

filtration- based SELEX, Capillary electrophoresidased . .
SELEX. Cell SELEX. Microfluidic i based SELEX a We can use this method to .dISCOVGF unknown surface
Surfac e| Plasnon resor’1ance etc ' proteins or to generate new biomarkers

b) Molecular targets are in their native conformation which
1.1.1 Affinity Chromatography and Magnetic Bead is present on the surfaceaxlls
Based SELEX:- c) Before selection, there is no need for protein
purification.

regulators, splicing sequences, transcription facto
Genomic SELEX is used. In this SELEX, on each regio
fixed sequences are present and the oligonucleot
libraries are consisting of 50 to 500 nucleotides

The approach of this method depends upon the selection of
aptamers which generated against target protein whichBiscause of these various types of multifunctional SELEX
tagged with Higag or glutathiones- transferase (GST) and methods many more aptamers can be generated and
disable on beads like agard&eWhen affinity column selected.

containing target is used immobilized bead selects the

SELEX generated aptamers, still, the disadvantage of this
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1.2 The Generation of CeltSpecific Aptamers for Drug receptors can be directly targeted within their native
Delivery Systens:- environment, allowing enrichment calbesific aptamers.

The targetspecific cell type and a malignant cell type cafell-based SELEX hand over auspicious alternative for the

increasing the number of aptamers. For most of the cefevelopment of aptamers which binds particularly to a

specific aptamers generally the purified proteased specific target celft®

SELEX method is used and utilizing intact eeadised

SELEX and purified proteibased SELEX process theyThey are of two types:

can be characterized and isolated. The SELEX methods can

be useful for binding specific biomolecules targets. Theﬂ Positive selection with the target cells

cqmplexes Of. proteins  and '!ibraries are loaded . ?ntoﬂ Counter selection with netargeted ells.

ggi’eﬁﬁ!“'gf: f@']';f]r;;ﬂ‘y‘hfetlIraféts'?rri‘gg;eézofﬁ tggg’r%rgr';iherefpre, the specificity and affinity of aptamers
n . . %sentlally depend upon the differences between 2 types of

affinity sorbent (bead, resin, chip, plate). Further that ais

the washing process occurs with a buffer solution, the two

species have found. The unbound oligonucleotides &e The Development of Cell Specific Aptamers for

removed from the complexesnd the bound species areTargetd Drug:-

immediately recovered and reamplified for next selectioeeII tvpespecific aptamers taraeting cell surface receptors
cycle. As CellSpecific homing agents Generation of new ypesp P geting P

or biomarkers. They have been used for targeted drug

aptamer still poses an important task. A selection was . :
. . elivery. They increase the therapeutic and reduces
performed by recombinant proteins because of the

unavailabilty of the desired receptor species, physic otential toxicities due to the cellular internalization in the
properties, and labile native confirmations. The-baked arget cells. The DNA and RNA aptamers have been

: - conferred he selectivity in cell type intet@n.
selection, specific cell surface molecules or membrane

Inorganic nanocarries

Silica Biometric
nanoshell / nanoassembly
. APTAMER
liposomes Micelle
v
Polymeric

nanocarries

Figure: 2 An Aptamer ligand based different nanocarriers system that uses for drug delivery system with high affinity and efficacy.

Aptamers have shown a very high affinity and selectivitylosely related molecules from their connected molecules
with respect to their targets) comparison with antibtics. from their targets based on of alirstructural changes.

The therapy protocols based on Aptamers are the affin'¥ tural dat t ¢ i | il heloful f
and the specificity of the nucleic acid that provid ructural data on aptamer target complexes will helpful for
molecular recognition. Depending on the nature of t ae rational exploration and optimization of new drug

target substance the Kd values of aptamers can diff "’}Fgets are important in the study of the molecular

Aptamers have KahdkpMia protans, recog tlﬁrM)rocess. For several aptamers in complex with

which are usually present in cells at a concentratignelr sme ligand - determination of - thremensional

between uN and NHi Small molecules are present in Ceugtructures are done at high resolution. At physiological pH

at a concentration far higher than protein concentratioﬁéfflﬁgrsac:gaiﬁl St;%?d%::y nqz%at'\gilyth%ha;gte;mefg tgtrhg
During the selection process, there is an enrichment %qo)t/eins are I?/ ands Thisyattends apta tein 9
aptaners sequences, based on binding of their targB{ 9 : ptamero

A : - : . Mferactions that are dominated by electrostatic interaction.
ptamers shows high selectivity against their target a e finding that electronegative pockets within the RNA
because of this, they bind to their targets for segregati 9 9 P

d were responsible coordination of positively charged
portion. It has also been shown that 80% of the binding
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energy was contouted by hydrogen bonding. Other forceshrainbarrier also. Without external help, some aptamers
like the stacking of aromatic rings and Van Vaals shapesnentercells. Somealsoshowedapoptoticactivity”*

are also involved.

One example of aptametarget complex that has bee

studied in detail is an RNA aptamefat protein
complexX®.The Kd of this complex isvery low 0.1Nm

sequences of the aptamer in comparison with the nat
target suggested the existence of two binding sites. T

3.4 Perform Simple Chemical Modifications:

r"Enhanceaffinity, stability, or solubility throughsequence

specific modifications. In biological fluids, survival time
an be extended by increasing nucleaseresistanceby
lilgctionalgroups.

was supported by the determined structure of the aptar8es Generate Enzymatic Aptamers:

complex with two argininamide moleculesThe major

groove to make spa for two argininamide molecules.
t

Employing hydrogen bonds on the G bases,
argininamide molecules bind and there is a need
stabilized binding which is done by stacking interactions.

3. ADVANTAGES OF APTAMERS: -

The advantagesf aptamerdavebeen modifying targeted
therapeuticsagents. Researchershave been raising and
modifying antibodies. Antibiotics can be detect specific
circulating proteins and develop targeted therapeutic
agents. Antibodies are highly effective and plays a vital

role in various applications. They are unique aptamer
advantagedor targeteddrug delivery systems.That can
overcomesomedifficult scientificchallengesre asfollow.

The advantagef aptamersare norrimmunogenic, high

penetrationto tissue thereforecrossblood-brain barriers,
thermallystable,shortproductiontime, etc.

Small molecules targeted for drug delivery system :

The sizeof moleculesassmallas60 Daltons.Theyareten
times smaller than the smallestantibody targets. Small
molecule drugs, pepties, dyes, and viral particles have
beendevelopedwvide rangemolecules.The different range
of the moleculescanbe usedfor selectiveaptamers.

3.1 Nonimmunogenic and nontoxic effects:

Aptamerscan be developedto selectivelybind molecules
that are not very immunogenic,such as small molecule
drug$’. Whereasthe production of aptamer does not
involve anyanimalor living cells.So, it is possibleto select
for aptamers to toxic compounds. The compounds
including zootoxinsandpathogenidacteria.

3.2Design Stable Molea | ar A Sensor so

Aptamersundergoa conformationalchangeupon ligand
binding. They are alters binding to a secondeffector or
changesthe enzymaticactivity of the aptamer.Allosteric
aptamerscoupled with fluorescencequenchingfor direct
detection assays, development of biosensors, orin
vivoimaging. Simplification of assay design and
elimination of wash stepswas done by direct detection.
Aptamersthat changeconformationupon binding can be
usedto regulateprotein expressionor protein functionin
vivo, switchingfi O randfi O f basedon the availability of
aparticularligand®

3.3 Penetrate Tissues and Cells:

Aptamers are short. They are useful to reach particular
targetsby penetratingtissues. They penetratethe blood
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Aptamersare allostericaptamerghat bindsto a particular
Higand further which goesthrougha conformationachange
which upstream or downstream gene expression
affected.For a growing numberof ligands,Aptazymeswas
developed in which thiamine pyrophosphate, cyclic
nucleotidemonophosphatefiavin mononucleotidg¢FMN),
adenosinériphosphatdATP) areincluded®*

3.6 Reduce Manufacturing Time and Cost:

Oncethe sequence®f optimal aptamersare selectedthe
productionof new batchesof materialis rapid and cheap.
Aptamersincluding lessthan~75 basescan be chemically
synthesizedProductionis easyto multi-grambatches.

3.7 Produce Stable Products:

Aptamers can be stored long-term and transported at
normal temperature.Denaturation of aptamersat high
temperaturess a reversibleprocess Aptamerscanre-form
to their correct3D configurationat roomtemperatre .

3.8 Improve Lot-to-Lot Reproducibility and Simplify
Regulatory Procedures:

Aptamersarechemicallysynthesizedsimplifying scaleup.
they enablinga high degreeof manufacturingcontrolfrom
batchto batcH®. No organismganimals,cells) areinvolved
in the production. So, regulatory proceduresare reduced
whencomparedo animatbasedproduction.

4. THERAPEUTIC USES:-

Aptamers are used increasingly for the replacement option
mainly for antibody. The spéic features in the following

4.1 High Specificity and Efficiency i

Aprainerd Posdedschigl iffinities towards the selected
molecule as compared to antibiotics. The nucleic acid
aptameros sele@®ion is very

4.2 Route of Administration:

Aptamers are advantages for tumour penetratiahkdood
clearance due to low molecular weight and good
solubilityTheaptamer can be administered by either
intravenous or subcutaneous injection29.

4.3 Nonimmunogenicand Nontoxic:

The aptamers are ngaxic and hoAmmunogenicity. Thee
high doses of aptaens are not toxic in rats

4.4 Optimal

CODEN (USA): AJPRHS
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5. APPLICATIONS OF APTAMERS: - target with a particular binding affinity which gives a

Aptamers can be selected against bacteria and viruses R result which is an important application of aptamers.

! - S SO .. I[N various organisms (bacteria and viruses) specific
different binding affinities which is important to a Spec'f'captamer binds with

Table: 2 List of aptamers selected or use against viruses.

Aptamer Backbone Target Type o Virus Reference
Clone2 DNA NS1 protein Zika 31
Clonel0 DNA NS1 protein
HA12-16 RNA Glycosylated HA Influenza A virus | 32
(H5N2)
HBs-A22 RNA Surface antigen HBV 33
RNA-Tat RNA TAT HIV-1 34,35
A9 DNA HA Influenza A virus | 36
(HON2)
B4 DNA HA Influenza A virus | 37
(HON2)
B40 RNA Gp120 HIV-1 38
A-1 RNA Gp120 39
1.1RNA RNA RT 40
R12-2 DNA RT 41
G6-16 RNA NS3 protein 42
27v DNA NS5B 43,44
R-F t2 RNA NS5B HCV 45
G5 RNA Helicase domain of NS3 46
C4 DNA Core protein 47,48
PAN-2 DNA Residues in the Xerminal of the Influenza A virus | 49
PAN of the influenza Avirus (HINZ1, H5N1,
polymerase H7N7, H7N9)
F2 RNA E6 Protein HPV 16 50,51
39SGP1A RNA EBOV sGP EBOV 52,53
83 RNA HAs from H5N1 and H7N7 Influenza A virus | 54,55
(H5N1) and
(H7N7)
S15 DNA Envelope protein domain 3 Denv2 56
C7 DNA HA(101-257) Influenza A 57
virus(HIN2)
Clone B RNA HA Influenza A 58
A22 DNA HA(91-261) virus(H3N2) 59
P3010-16 RNA Whole virus 60
NG8 DNA Helicase SARSCoV 61
Table: 3 List of Aptamers selected or use against bacteria.
Aptamer Backbone Target Type d Bacteria Reference
Apt22 DNA Whole bacterium Salmonella Paratyphi A 62
C10 DNA S.EndotoxinC1 63
R12.06 DNA Alpha toxin 64
Antibacl DNA Peptidoglycan 65
SA20 DNA Whole bacterium S. aureus 66
PA#2/8 DNA Protein A 67
68
APTsebl DNA S.Endotoxin B
1-2 RNA OmpC protein 69
C4 DNA Whole bacterium 70
SAL 26 DNA Whole bacterium S. typhimurium 71
ST2P DNA Whole bacterium 72
crn2 DNA Whole bacterium 73
crnl DNA Whole bacterium S. enteritidis 74
S25 RNA Mix .of 10 strains of
S. enteritidis
InApt B12 DNA Whole bacterium E. coli K88 75
AM-6 DNA Whole bacterium E.coli 0158 76
A8 DNA Internalin A L. monocytogenes 77,78
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Figure: 3 Applications of Aptamers.

5.1 Aptmaers in Prophylaxis:-

The application of aptamers is not limitectémget delivery. 5.4 Aptamers AsBiosenseros:

The function of aptamers in prophylactic is useful. TkFor detection of environmental contaminant, interesting
target drug binds to their cognate molec(idhe  tool for biosensors aptamerscan be used. They also used as
molecules either be intracellular, extracellular or smichip-based biosensors array by immobilizing fluorescent
molecules such as ATP. Nowadays, increased chance:labelled nucleic acid aptamer on a glass &fide

iated urinaryact infectiof® . .
associated urinarydct infectio An examples of the oently developed biosensors include

5.2 Aptamers as Riboswitches: the following:

Riboswitches are naturally occurring RNA sequences witt Aptamerbased biosensors to target disease
structurally recognised to modulate gene expression. Th  biomarkers, such aglateletderived growth factor , a
riboswitches are helpful in the cells switch their expressior  cancer related protein, to help diagnosis of cancer
platforms. development .

Biosensors for the azole class ofiamgal drugs with

the application of therapeutics uses.

The diagnosis of different diseases like brain disease!f Biosensors harbouring DNA aptamers targeting B
cardiovascular diseases, etc .They are helpful to detect tl  |actoglobulin for the detection of milk allergen .

small size molecules, stable folding, and economy. Theiq Highly sensitive biosensors for the detection of human

advancement in application of diagnosis such in disease  epidermal growth factor receptor 2 witipication
diagnosis bio imaging and biomarker discovery. The of breast cancer cells .

biomarkers are important in treatment of cancer. In th(ﬂ Biosensors for the detection of bisphenol A.

future, aptamers would possibly eliminate the use pifferent nanomaterials has been enhanced by Biosensors
antibodies from the detection approach by replacement\/\technique_ Biosensors can be enhanced by using
second generation biotinylated nucleic acils peptide piomaterials[78,79].For example, antibiotics to form a
aptamer$ .T.he hlgh aﬁmlt_y and specificity of aptamersi s g n d w iuctuned A goad example of thisiisl) The
make them ideal diagnostic agents. F_o_r a respective ta'graphendoased biosensor targeting-gbbulin for the

they can be used for molecular recognition. detection of milk allergen and 2) The biosensor for the

Aptamers for the identification of various pesticides in trdetection of human epidermal growth factor receptor .In
environment have beeralso developed recently like the biosensor developed by Wiedman et al. tfa azole
fungicide carbendaziffy acetamiprid and atrazifie and class of antifungal drugs, two aptamers were combined to

various types of herbicidé§and insecticidd®, which may bPinding affinity and specificity of aptamer target complex
cause reproductive damage in humans. could be increase by eliminating the Aainding domain of

5.3 Aptamers in Diseae Diagnosis: Il
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