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targets molecules. Thus, this review aim to focus

pathogenic bacteria remain a challenge for the
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struggle against food safety.

antibody

However, the

detection become the overall tool extensively
used
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sequence nucleic acid libraries through an in vitro

INTRODUCTION

evolution process called systematic evolution of

Staphylococcus aureus (S. aureus) is a Gram-

ligands by exponential enrichment (SELEX).

positive, coagulase positive bacterium that is generally

Besides, Aptamers also known as chemical

found in the natural flora of the human nasal passage,

antibodies, and possess a number of advantages

skin and gastrointestinal tract of humans and animals

over antibodies. however, aptamers conjugated

[1, 2]. Literature citations reported that about 30% to

gold

well

50% of the population have been carriers of S. Aureus

detecting

at one time in their lives, and about 20% are long-term

nanoparticles

qualified

for

the

are

nano

development

systems
of

platforms for different analytical applications

carriers[3].

including nanomedicine as well as the diagnostic

carrying enterotoxin-producing S. aureus in their

and therapeutic tool and even in the food stuffs for

noses or on their hands are responsible to cause the

detecting

main source of food contamination, through manual

different

nanoparticles

with

materials.
its

Well,

properties,

Gold

enhance

Moreover,

contact or also

Food

handlers

naturally

via respiratory secretions [4]. In

aptasensor sensitivity as well as amplification

addition, a list of Foods that are frequently associated

process.

based

with staphylococcal food poisoning including meat and

aptamers is probably one of the most promising

egg products, milk and dairy products, and various

ways to solve some of the problems concerning

other products that may contain these food ingredients

the increasing need to develop highly sensitive,

[5]. Some strains of this organism can cause food

fast and economic methods of analysis of different

poisoning by production of enterotoxins (SEs) when

Consequently,

biosensors
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growing in foods [6], over an extensive range of

enzyme-linked immunosorbent assay (ELISA) system

temperature, pH, sodium chloride concentration and

is widely used in different research area to assay

water activity [7]. Nevertheless, it is well proved that

antibodies [18], and consist of an antigen as the target,

the consumption of foods contaminated with S. aureus

an antigen-capturing antibody and a detection

can cause severe toxin-mediated illness including

antibody able to produce signal when antigen is

gastroenteritis, nausea, vomiting, diarrhea, and

available [19]. In addition, ELISA assay is highly

abdominal pain within 1-6 h post-consumption of

sensitive with specificity that depends on the quality of

contaminated foods [8]. Meanwhile, in recent years, it

primary antibody [20], and can recognize antigens at

has been cited that S. aureus food poisoning can be

ultralow concentrations [21]. Although, it has been

caused by as little as 20-100 ng of enterotoxin [7] ,

widely applied in many fields like food safety, an

which is able to cause a significant range of food-

antibody based immuno-essay has some challenges

borne diseases, causing an estimated of 241.000

such as protein-based antibody reagents are not

illness per year in the united states [9]. The U.S.

extremely stable in non-refrigerated applications

Centers for Disease Control and Prevention has

whereas DNA aptamer are extremely stable in both

published that 48 million Americans get unwell

hydrated and lyophilized form [22]. Second, unlike

because

are

antibodies, which undergo irreversible denaturation at

hospitalized and 3000 pass on due to foodborne

room temperature or higher, aptamers can reform [19].

infections [10] [11]. Consequently, world health

In addition to batch-to-batch variations during the

organization also reported that almost 2.2 million

production of antibody, it is no easy and challenging to

people, mostly children in developing countries die

generate specific monoclonal antibodies especially

because of food borne diseases transmitted through

against non-immunogenic molecules [19]. Besides,

consumption of unsafe food containing pathogenic

aptamers show more flexibility and can be produced

bacteria including S. Aureus [12]. In order to eliminate

for targets to which antibodies are difficult to generate.

foodborne diseases and safeguard consumer health,

These problems highlight the need for an alternative

detection is the most crucial measure for food safety

replacement over antibodies with aptamer. More

as in quality assurance and product conformity

importantly, unlike antibody, aptamers can be directly

assessment process [13]. Therefore, development of

amplified by PCR. Since their discovery in the late

specific, selective and sensitive sensors for detection

1990s, aptamers have been widely used in many

of S. Aureus in food stuffs is of a great interest.

applications, including target detection, enzyme

of

contaminated

food,

128,000

Aptamers are synthetic single strand DNA or RNA,
which are selected from large combinational libraries
according to their ability to bind to the target of interest
through the process of systematic evolution of ligands
by

exponential

enrichment

(SELEX)

[14,

15].

inhibition, receptor regulation, and drug delivery [3].
Hence, this review aims to cover comprehensively the
use of aptamer as an alternative to antibody
conjugated gold nanoparticles for detection of S.
aureus in food stuffs for food safety.

Moreover, aptamers are an alternative to antibodies

II.

and can be deployed in many application in which you
might use an antibody [16]. As an alternative strategy,
aptamers possessing high recognition ability toward
specific molecular targets which have a strong
potential application as bioprobes for targeting drug,
developing new drugs, and biosensing [17]. The

ADVANTAGES OF APTAMERS OVER
ANTIBODIES

Aptamers displayed more competitive advantages
over antibodies (Table I) ; where, once the amino acid
of aptamer’s nucleotide sequence is known, it can be
synthetized chemically in huge portions without using
experimental animals during production, at low price,
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and accurately, thus leading to amazing batch-to-

(Yiyang Dong et al., 2014). Because no animals are

batch fidelity (John and Alicia, 2016, Lv et al., 2016).

used in aptamer selection, molecules that do not illicit

Aptamer can be produced for targets to which

an immune response are also good targets for

antibodies are difficult to generate (Kim et al., 2010,

selection purposes. Another standpoint advantage of

Yi-Chung Chang et al., 2013). In addition, Aptamer

aptamers over antibodies is that they are inherently

possess a number of potential advantages over

stable, so that they can be subjected to numerous

antibodies such as stability, variability, low cost, simply

rounds of denaturation and renaturation, thus allowing

synthetized,

for an easy regeneration of the sensor surface [23].

chemically

modified,

immunogenic, no or low toxicity

minimally

and reusability

TABLE I: COMPARISON OF THE PROPERTIES OF ANTIBODIES OVER APTAMERS

Properties
Cost of production
Types of targets
Size
In vitro application
Batch activity

Antibodies
Animal synthesis and expensive
Common protein or haptens
larger
Limited to physiologic conditions because of
animal immunization
varied

stability

Antibodies are susceptible to high
temperatures and pH changes; Denatured
antibodies cannot be repaired

Detection range

Good

Shelf life

Shelf life is limited. Requiring a continuous
cold chain
Regeneration may result in a loss of activity

Poor reusability due to irreversible
conformation changes
Transportation
On ice
Ability to conjugate
Difficult through protein modification
Immunogenic response High immunogenicity and low bioavailability
Initial antibody generation requires an
Development process
immune response in an animal model
Antibodies are typically conjugated with one
Modification
type of signaling or binding molecule
Reusability

Affinity and specificity
Synthesis and
manufacture
In vivo complications
Handling and storage
Mass

III.

APTAMERS

High affinity and good specificity
Produced in animals and then by
recombinant methods
Poor batch to batch reproducibility
Can cause immune response if used as a
drug
Refrigeration and freezing
Easily denatured
High molecular weight (∼150 kDa for IgG).

AS

MOLECULAR

Aptamers
Chemical synthesis with lower cost
From ions to whole cells
smaller
In vitro selection under a variety of
conditions
uniform
Aptamers are fairly stable at ambient
temperature and are easily refolded if
denatured and can withstand repeated round
of denaturation without loss of function
better
Long shelf life. Tolerant of transportation
without any special cooling requirements
Regeneration can be performed without
affecting activity
Good reusability through a reversible
conformation
Room temperature
Easy through various modification
Low immunogenicity and high bioavailability
Enrichment of an oligonucleotide library
through SELEX process
Aptamers can be modified at both the 5’ and
3’ end
High affinity and greater potential for
specificity due to nature of the isolation
process
Produced in vitro(no animal use)
Low batch-to batch variability
Chemically synthetized
No intrinsic immune response
Stable at ambient temperature
No freezing or refrigeration needed
Low molecular weight (13–26 kDa).

proteins[24]. The two main types of nucleic acids are
deoxyribonucleic acid (DNA) and ribonucleic acid

RECOGNITION ELEMENTS
Studies have proven that, Nucleic acids are those
molecules that allow organisms to transfer genetic
coding information from one generation to the next
and have long been thought to be less complex than

(RNA) [13]. Aptamers are nucleic acid ligands that are
synthetically isolated from libraries of oligonucleotides
by an in vitro selection process called systematic
evolution of ligands by exponential enrichments
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(SELEX) [25]. However, like proteins, nucleic acids

conditions. No physiological salt concentrations,

are able to fold into intricate tertiary structures that

temperatures and pH can be used in successful

have the potential to perform a variety of functions

selections [32]. Aptamers can show an improved

including gene-regulation, catalytic activity and ligand-

stability

binding[26]. Several researchers have been made to

counterparts. In particular, aptamers can be reversibly

know the ability of molecular recognition properties

denatured

through developing synthetic DNA/RNA motifs that

conditions[33]. For example, a variation in pH,

bound specifically to molecular targets [19]. In other

temperature, ionic strength, or use of denaturants

words, these DNA/RNA structures, called aptamers,

irreversibly denatures antibodies, while aptamers

and were selected using an in vitro selection

simply unfold; thus the aptamer structure can then

procedure called systematic evolution of ligands by

regain its functionality when return to its original

exponential enrichment (SELEX)[26]. The application

binding conditions[34]. However, due to the nucleic

of SELEX to synthesize aptamers for a large number

acid nature of aptamers, they bind to complementary

of targets has facilitated a wide range of applications

nucleic acids as well as their targets. Aptamer

that use aptamers [27]. Like antibodies, these

generation has been achieved for a wide variety of

synthetically derived molecular recognition probes

targets molecules with high specificity and strong

were found to be selective and able to bind to their

binding affinity from small molecules to protein, virus

targets with high affinity[28]. Similar to antibodies,

and even whole cells [25, 29, 35]. Generally, the

aptamers can fold into specific three-dimensional

SELEX process consists of several rounds of selection

conformations structures to bind with target molecules

of sequences that bind to a target molecule (Fig.1).

containing stems, internal loops, purine-rich bulges,

Each round includes three main stages:

hairpin structures, hairpins, pseudoknots, kissing



complexes, and G-quadruplex structures[29].

over

by

their

protein-based

changing

the

antibody

surrounding

The oligonucleotides random DNA or RNA
library is incubated with the target of interests;

Today, there is a growing need for rapid, sensitive and



The bound oligonucleotides complexes with

specific and inexpensive methods for sensing and

the target are washed from non-bound

detecting purposes. While antibodies have long been

oligonucleotides;

considered to be the standard in molecular recognition



The bound sequences are amplified by PCR.

and the use of antibodies as recognition probes, the

As

relatively new technology of aptamers offers several

oligonucleotides

advantages [30]. The so-called aptamers offer great

exhibiting the increased affinity to the target

flexibility in terms of structure variants to bind to a

molecule occurs [36]. The winner sequence is

variety of targets with high affinity and specificity, and

named Aptamers that come out and the in

they are also promising candidates for bioanalytical

vitro process is called SELEX.

a

result,

Enrichment
library

with

of

the

sequences

applications [31]. Firstly, the in vitro aptamer selection
process allows a greater control over aptamer binding
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Fig.1.a
typical aptamer selection (SELEX) process

IV.

APTAMERS

AS

ANALYTICAL

words, aptamers exhibit high selectivity. Moreover, the
specificity of aptamers can be controlled during

REAGENTS
Nucleic acids were seen merely as informative

SELEX process [13].

molecules in opposition to proteins that carry the

V.

APTAMER BIOSENSORS AS A NEW

conformational information[16]. Aptamers are able to
fold into a specific 3D structure including secondary
structure elements of loops, hairpins, pseudoknots,
triplexes, and quadruplexes with high affinity toward
the specific target, from small chemical molecules to
proteins and even whole cells [34]. Their ability to fold
into numerous tertiary conformations to interact with
almost any target render them to become increasingly
important molecular tools for detection [37], Upon
binding of the target, the aptamer undergoes structural
changes and the target is bound by an induced-fit
mechanism [38]. The binding process is based purely
on the complementarity of molecular recognition of
aptamer and specific target via the formation of
intermolecular

hydrogen

bonds,

electrostatic

interactions, stacking interactions, and hydrophobic
interactions bonds [15]. These affinities are similar or
even superior to the affinities of monoclonal antibodies
thus, their alternative is of much possible [32]. In
addition to the high affinity and specificity, in other

STRATEGY FOR DETECTION
A biosensor is a device that detects, transmits and
records the information on a biological analyte [24].
Biosensors based on DNA or RNA aptamers
(aptasensors) represent new type of the sensor that
utilize unique properties of artificial receptor-aptamers
[23]. Moreover, aptasensors are of considerable of
great of interest due to their application in detection
practically in unlimited kind of compounds of various
sizes [33]. However, aptamers can be easily
chemically modified by various chemical groups
including fluorescence probes[39], colorimetric[40],
quenchers

[15],

electrochemical

indicators[41],

nanoparticles or enzymes[42], which provides an
extraordinary

flexibility

in

different

assays[43].

Furthermore, DNA aptamers are modified to improve
their properties, and, more interestingly, they are
reversibly denatured, converting them into ideal
capture

molecules

Therefore, aptamers

for

sandwich

modified

assays

[44].

to various

solid
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supports, provides their high stability and

utilize

onto the surface of GNPs via the strong metal–ligand

various methods of detection in different research area

interaction between sulfur and gold (the S–Au binding)

for different purposes [15]. Thus, aptamers can be

[54]. More importantly, GNPs provided a good

advantageously used as an alternative to antibody in

pathway of electron transfer and enhanced the

the development of affinity biosensors [32]. On the

immobilized amount of biomolecules [55]. In addition,

other hand with antibodies, which at certain conditions

Gold

can

aptamers-based

tremendous attention due to their unique optical

biosensors can be regenerated without loss of integrity

properties, robust nature, stability, and their large

and selectivity [23].

surface areas in different research areas. Benefiting

be

VI.

irreversibly

denatured,

GOLD NANOPARTICLES AS A NEW

nanoparticles

(GNPs)

have

attracted

from these advantages, GNPs can consequently be
applied to biosensors as molecular recognition

RECOGNITION ELEMENT

element, disease detection, and clinical therapy[56].
The typical structure of gold nanoparticals is spherical
nano-sized gold particles [45], but they can also be
composed of a thin gold shell surrounding a dielectric
core, such as silica (gold nanoshells) [46]. In the last
year, gold nanoparticles (GNPs) also named as
colloidal gold, have a rich history in chemistry where
they were used to stain glasses, cotton fibers for
decorative purposes and employed as anti-aging
components for skin protection [47] but nowadays,
GNPs have attracted increasing attention in many
research field for detection purposes [48]. Evidently,
gold nanoparticles (ranging from 1 to 100 nm) are the
type of nanomaterials and becoming emerging
concept in nanotechnology for their food aspects and
detecting platforms[49]. Additionally, GNPs have been
synthesized by an array of methods which mainly are
based on the reduction of chloroauric acid in the
presence of a stabilizing agent [47]. The most

By combining gold nanoparticle properties with
aptamer specific ability and affinity, The use of
aptamer-conjugated GNPs in different research area
including food stuffs offers excellent possibility[17].
This is due to the fact that aptamers with their low cost,
facile, pH and heat tolerance, minimum batch to batch
differences, greater specificity and binding affinity to
the cognate targets [48]. Thus, GNPs serve as
excellent candidates for protein and aptamer bioconjugation, because they readily react with the amino
and cysteine thiol groups of proteins or modified
aptamer[57]. Gold nanoparticles can be conjugated
with DNAs, antibodies, enzymes and other biomolecules,

which

can

afford

them

promising

applications in signal enhancement of bio-chemical
detection [58]. Gold nanoparticles (GNPs) coupled
with biomolecules such as aptamers have become
increasingly important biological nanoprobes [20].

commonly used method, the citrate synthesis method,
VII.

includes reduction of chloroauric acid using trisodium

APPLICATIONS

citrate resulting into the formation of GNPs [50, 51].

Recently attention has been paid by scientists towards

Citrate capped GNPs are negatively charged, which

Aptamer conjugated with the nanoparticles such as

can be exploited for electrostatic interactions with

gold nanoparticles play vital role in many research

some positively charged biomolecules like antibody,

field such as nanomedicine as the diagnostic and

aptamer and other biomolecules [47, 52]. Owing to

therapeutic tool and even in food safety delivery

their intrinsic characteristics, Gold nanoparticles

system [59]. However, Aptamers can potentially be

(GNPs) have large specific surface area, good stability

applied to the detection of different pathogenic

and interesting electrical, optical properties, and

bacteria because they have advantages of high affinity

biocompatibility and are easy to prepare [15, 53].

and specificity, rapid and reproducible synthesis, and

Synthetic and biological compounds can be anchored

controllable modification [60]. Despite many previous
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published

citations,

the

characterization

of

aptamer conjugated gold nanoparticles indicated low

aptamer−gold conjugates becomes easy due to

detection limit compared to the other sensing

advanced analytical techniques when compared with

methods.

other sensing techniques (Table 2). The detection with
TABLE 2: COMPARISON OF DIFFERENT SENSING TECHNIQUES FOR S. AUREUS AND APTAMER-CONJUGATED GOLD FOR OTHER
TARGETS

Analysis
time

Techniques

Application

Detection limit

Immunochromatographic assay

Chicken meat

10 cfu g–1

25h

[52]

Electrochemical immunosensor

-

10 cfu mL–1

-

[61]

Aptamer recognition coupled to tyramine
signal amplification

water

8 cfu mL–1

<4h

[62]

Colorimetric aptasensor

milk

Electrochemical sensor
Rapid single cell detection by Aptamer
conjugated gold

Beef meat

1.23 ng mL–1

-

-

1.5 h

Riboflavin

-

-

Thrombin

25nM

-

oxytetracycline

25nM

-

A colorimetric detection with aptamer–
gold nanoparticle conjugates
Gold nanoparticles conjugates-amplified
aptamer Immunosensing screen-printed
carbon electrode strips
A novel colorimetric aptasensor using
gold nanoparticle

are

<4h
-

[14]
[63]
[3]

[64]

[65]

[40]

advantages over their amino acid-based antibodies.

CONCLUSIONS
Aptamers

9 cfu mL–1

References

single-stranded

synthetic

oligonucleotides that are able to capture their target
molecule with high affinity and specificity and
interested the aptamer stability is of great importance
for bacteria detection including S. aureus in food
samples. Aptamers were discussed comprehensively
to be attractive as an alternative to antibody-based
biosensors for S. aureus monitoring and other bacteria
or any other specific targets. Those aptamers are
effective molecular recognition probes of high priority
because they can detect different targets molecules
with its ability to fold into numerous structure in
different research area like food and drug quality,
safety testing, disease diagnosis. etc. Therefore,
aptamers can be thought of as nucleic acid-based
alternative to antibodies, as they have a number of

But arguably, one of these advantages is the high
stability of nucleic acid of aptamers when subjected to
a wide variety of conditions leading to a long shelf life
and the possibility to regenerate the aptamer upon
modification. Another standpoint of aptamer over
antibody is the production of aptamer against small
molecules where during antibody production, it fails.
Consequently, aptamers are more flexible and can be
more

easily conjugated to a

detecting agent

(horseradish peroxidase, fluorophore molecule, or
others) without perturbing the binding sites to which
antibodies are difficult to produce. In addition,
aptamers are selected in vitro selection process that
can be settled out under desired conditions closely
matched to those in which the resultant aptamer is
required to work, thus ensures that the aptamers are
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fit for purpose and optimized to work in the

associated with foodborne illness in Alberta,

downstream assay conditions while for antibody, they

Canada from 2007 to 2010. Food Microbiol,

don’t work under desired conditions and they require

2012. 32: p. 202-205.

extensive

re-optimization.

conjugated

gold

However,

nanoparticles

have

aptameralso

9.

Jhalka Kadariya, Tara C. Smith, and D.

high

Thapaliya, Staphylococcus aureus and

probability given the role of gold nanoparticles in

staphylococcal food-borne disease: an

stabilization and additional affinity of aptamers during

ongoing challenge in public health. Biomed

detection.

Res Int, 2014. 2014: p. 827-965.
10.

REFERENCES

Bülbül, G., A. Hayat, and S. Andreescu,
Portable Nanoparticle-Based Sensors for

1.

B.M. Hanson, et al., Prevalence of

Food Safety Assessment. Sensors, 2015.

Staphylococcus aureus and methicillin-

15(12): p. 30736-30758.

resistant Staphylococcus aureus (MRSA) on

11.

retail meat in Iowa. J Infect Public Health,

the United States. National Center for

2011. 4: p. 169-174.
2.

Emerging & Zoonotic Infectious Diseases,

Hwan Keun Kim, et al., Recurrent infections
and immune evasion strategies of

2011.
12.

Staphylococcus aureus. Curr Opin Microbiol,

Rev. sci. tech. Off. int. Epiz., 2013. 32: p.

Yi-Chung Chang, et al., Rapid single cell

459-467.

detection of Staphylococcus aureus by

13.

aptamer-conjugated gold nanoparticles. Sci

p. 925–933.

Ángeles, M., et al., Food poisoning and

14.

Staphylococcus aureus enterotoxins. Toxins

Staphylococcus aureus. Talanta, 2014. 127:

Siegrist, J., Media for detection of

p. 163-168.

Staphylococcus Aureus: a Spreading

15.

Bacteria. SIGMA-ALDRICH, 2011. 10: p. 1-4.
6.

detection of streptomycin in blood serum and
milk based on double-stranded DNA and

antibiotic susceptibility of Staphylococcus

gold nanoparticles. Food Chemistry 2016.

aureus isolates from various foods in

190 p. 115–121.

Portugal. Food Microbiol, 2009. 26: p. 278-

16.

282.

Ohk, S.H., et al., Antibody-aptamer
functionalized fibre-optic biosensor for

Jenny Schelin, et al., The formation of

specific detection of Listeria monocytogenes

Staphylococcus aureus enterotoxin in food

from food. J Appl Microbiol, 2010. 109(3): p.

environments and advances in risk

808-17.

assessment. Virulence, 2011. 2: p. 580-592.
8.

Emrani, A.S., et al., Colorimetric and
fluorescence quenching aptasensors for

V. Pereira, et al., Characterization for
enterotoxin production, virulence factors, and

7.

Yuan , et al., A sensitive gold nanoparticlebased colorimetric aptasensor for

(Basel), 2010. 2: p. 1751-1773.
5.

XU Dun-Ming, et al., Application of Aptamers
in Food Safety. Chin J Anal Chem, 2011. 39:

Rep, 2013. 3: p. 1863.
4.

Kuchenmüller, T., et al., Foodborne diseases
– a major challenge to global public health.

2012. 15: p. 92-99.
3.

CDC, CDC Estimates of Foodborne Illness in

17.

B. Crago, et al., Prevalence of

Liu, A., et al., Gold nanoparticle-based
colorimetric detection of staphylococcal

Staphylococcus aureus and methicillin-

enterotoxin B using ssDNA aptamers.

resistant S. aureus (MRSA) in food samples
www.jmess.org
JMESSP13420417

2203

Journal of Multidisciplinary Engineering Science Studies (JMESS)
ISSN: 2458-925X
Vol. 3 Issue 10, October - 2017

European Food Research and Technology,

18.

dipstick assay for the rapid and simple

Waritani, T., et al., An ELISA protocol to

detection of aflatoxin B1. Biosensors and

improve the accuracy and reliability of

Bioelectronics 2014. 62 p. 288–294.
29.

Analytical applications of aptamers. Biosens

Toh, S.Y., et al., Aptamers as a replacement

Bioelectron, 2005. 20: p. 2424-2434.
30.

22.

biosensor for malathion detection based on

Bioelectronics 2015. 64 p. 392–403.

cationic polymer and gold nanoparticles.

Yu Zhou , et al., An enhanced ELISA based

Biosens Bioelectron, 2016. 85: p. 445-9.

Bioelectronics 2011. 26 p. 3700–3704.

aptamer modified gold nanoparticles in

PierceBiotechnology, ELISA technical guide

biocomputing to strip biosensor logic

and protocols. Thermoscientific, 2016. 65.

operations. Biosens Bioelectron, 2016. 79: p.

Narendran, K., et al., Demonstration and

522-30.
32.

potential applications for food safety. Crit

BioTex Inc, 2016. 9.

Rev Food Sci Nutr, 2014. 54: p. 1548-61.

Hasanzadeh, M., N. Shadjou, and M.d.l.

33.

27.

Noemı, et al., Aptamers as recognition

Guardia, Aptamer-based assay of

elements for label-free analytical devices.

biomolecules: Recent advances in

TrAC Trends in Analytical Chemistry, 2008.

electroanalytical approach. Trends in

27: p. 437-446.
34.

Song, S.e.a., Aptamer-based biosensors.

Abu-Salah, K., et al., DNA-Based

TrAC Trends in Analytical Chemistry, 2008.

Nanobiosensors as an Emerging Platform for

27: p. 108-117.
35.

McKeague, M. and M.C. Derosa, Challenges

p. 14539-14568.

and opportunities for small molecule aptamer

Le, L., et al., Aptamer biosensor for

development. J Nucleic Acids, 2012. 2012: p.

Streptococcus hemolyticus detection based

748913.
36.

on fluorescence quenching by gold

26.

Yiyang Dong , et al., Aptamer and its

“ELASA” Assays with Novel DNA Aptamers.

Detection of Disease. Sensors, 2015. 15(6):

25.

Qin, C., et al., Visual multiple recognition of
protein biomarkers based on an array of

Analytical Chemistry 2017. 89 p. 119-132.
24.

31.

the detection of Pb(II). Biosensors and

Optimization of Multiple Aptamer-ELISA

23.

Bala, R., et al., Ultrasensitive aptamer

immunosorbent assay. Biosensors and

on modified colloidal gold nanoparticles for

21.

S. Tombelli, M. Minunni, and M. Mascini,

2017. 4: p. 153-165.

for antibodies in enzyme-linked

20.

Shima, W.-B., et al., An aptamer-based

2013. 237(3): p. 323-329.

serological antibody assays. MethodsX,

19.

28.

Zimbres, F.M., et al., Aptamers: novel

nanoparticles. African Journal of

molecules as diagnostic markers in bacterial

Microbiology Research 2012. 6: p. 7230-

and viral infections? Biomed Res Int, 2013.

7236.

2013: p. 731516.

Mayer, M.F.a.G.n., Aptamers and SELEX in

37.

Su, W., et al., Aptamer-Assisted Gold

Chemistry & Biology. Chemistry & Biology

Nanoparticles/PEDOT Platform for

2014. 21.

Ultrasensitive Detection of LPS.

Yuan, J., et al., A visual detection method for

Electroanalysis, 2013. 25: p. 380-386.

Salmonella Typhimurium based on aptamer

38.

Wang, W., et al., Aptamer biosensor for

recognition and nanogold labeling. Food

protein detection using gold nanoparticles.

Control, 2014. 37: p. 188-192.

Anal Biochem, 2008. 373(2): p. 213-9.
www.jmess.org

JMESSP13420417

2204

Journal of Multidisciplinary Engineering Science Studies (JMESS)
ISSN: 2458-925X
Vol. 3 Issue 10, October - 2017

39.

Tan, D., et al., Aptamer functionalized gold

DNA aptamer. Anal Biochem, 2011. 415(2):

nanoparticles based fluorescent probe for the

p. 175-81.
49.

detection of mercury (II) ion in aqueous

40.

solution. Talanta, 2013. 113: p. 26-30.

gold nanoparticles. Current Opinion in

Kim, Y.S., et al., A novel colorimetric

Colloid & Interface Science 2009. 14 p. 126–

aptasensor using gold nanoparticle for a

134.
50.

highly sensitive and specific detection of

41.

immunochromatographic test for

Bioelectronics 2010. 26 p. 1644–1649.

identification of Staphylococcus aureus from

Abbaspour, A.e.a., Aptamer-conjugated

clinical specimens. Clin Chim Acta, 2006.

silver nanoparticles for electrochemical dual-

373(1-2): p. 139-43.
51.

Nanoparticles and Their Biomedical

2015. 68: p. 149-155.

Applications. Nanomaterials 2011.

Hashkavayi, A.B. and J.B. Raoof, Design an

46.

47.

aptamer on dendritic gold

detection of Staphylococcus aureus. Sensors

nanostructures/Fe3O4@SiO2/DABCO

and Actuators B: Chemical, 2007. 127(2): p.

modified screen printed electrode for highly

335-340.
53.

Zheng, J., et al., Visual detection of

and Bioelectronics, 2017. 91: p. 650-657.

glyphosate in environmental water samples

Chen, Z.e.a., An aptamer based resonance

using cysteamine-stabilized gold

light scattering assay of prostate specific

nanoparticles as colorimetric probe.

antigen. Biosens Bioelectron, 2012. 36: p.

Analytical Methods, 2013. 5: p. 917–924.
54.

Ding, Y., et al., Gold Nanoparticles for

Guo, Y., et al., Double functional aptamer

Nucleic Acid Delivery. Molecular Therapy,

switch probes based on gold nanorods for

2014.
55.

Wang, X., et al., An ultrasensitive

drugs transportation. Sensors and Actuators

electrochemical immunosensor based on the

B: Chemical, 2016. 235: p. 655-662.

catalytical activity of MoS2-Au composite

S. Boca, et al., Colorimetric detection of

using Ag nanospheres as labels. Sensors

single- and double-stranded DNA on gold

and Actuators B: Chemical, 2015. 206: p. 30-

nanoparticles. researchgate, 2008.

36.

Azzazy, H.M.e.a., Gold nanoparticles in the

56.

Khalil, M.A.F., et al., <A sensitive colorimetric

clinical laboratory: principles of preparation

assay for identification of Acinetobacter

and applications. Clin Chem Lab Med, 2012.

baumannii using unmodified gold

50: p. 193-209.

nanoparticles.pdf>. Applied Microbiology,

Harihar Nath Verma , P.S.a.R.M.C., Gold

2014.

nanoparticle: synthesis and characterization.

48.

Huang, S.-H., Gold nanoparticle-based
immunochromatographic assay for the

intracellular ATP detection and targeted

45.

52.

aptasensor based on structure-switching

35-40.
44.

Tiwari, P.M., et al., Functionalized Gold

staphylococcus aureus. Biosens Bioelectron,

selective detection of epirubicin. Biosensors

43.

Huang, S.H., Gold nanoparticle-based

oxytetracycline. Biosensors and

aptamer-based sandwich detection of

42.

Bjørnholm, F.W.a.T., Directed assembly of

57.

Chirra, H.D., et al., Catalase-coupled gold

Veterinary World, 2014. 7: p. 72-77.

nanoparticles: Comparison between the

Song, K.M., et al., Gold nanoparticle-based

carbodiimide and biotin–streptavidin

colorimetric detection of kanamycin using a
www.jmess.org
JMESSP13420417

2205

Journal of Multidisciplinary Engineering Science Studies (JMESS)
ISSN: 2458-925X
Vol. 3 Issue 10, October - 2017

methods. Acta Biomaterialia 2011. 7: p.

58.

62.

2865–2872.

microplate assay for Staphylococcus aureus

Chun-Ping Jia, et al., Nano-ELISA for highly

based on aptamer recognition coupled to

sensitive protein detection. Biosensors and

tyramine signal amplification

Bioelectronics 2009. 24 p. 2836–2841.
59.

Microchim Acta, 2014. 181: p. 321–327.

Lian, Y., et al., A new aptamer/graphene

63.

interdigitated gold electrode piezoelectric

(Staphylococcus aureus) using an

Staphylococcus aureus. Biosens Bioelectron,

electrochemical DNA genomic biosensor and

2014. 65C: p. 314-319.

its application in fresh beef. J Agric Food

Duan, N.e.a., A universal fluorescent

Chem, 2014. 62(52): p. 12659-67.

aptasensor based on AccuBlue dye for the

64.

detection of pathogenic bacteria. Anal

Jorge, et al., Colorimetric detection with
aptamer–gold nanoparticle conjugates: effect

Biochem, 2014. 454: p. 1-6.
61.

Abdalhai, M.H., et al., Rapid and sensitive
detection of foodborne pathogenic bacteria

sensor for rapid and specific detection of

60.

Yuan, J., et al., Visual detection and

of aptamer length on response. J Nanopart

Braiek, M.e.a., An Electrochemical

Res, 2012.

Immunosensor for Detection of

65.

Staphylococcus aureus Bacteria Based on
Immobilization of Antibodies on SelfAssembled Monolayers-Functionalized Gold

Yeh, F.Y., et al., Gold nanoparticles
conjugates-amplified aptamer
immunosensing screen-printed carbon
electrode strips for thrombin detection.
Biosens Bioelectron, 2014. 61: p. 336-43.

Electrode. Biosensors (Basel), 2012. 2(4): p.
417-26.

www.jmess.org
JMESSP13420417

2206

