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What is an aptamer?

z Aptamers are sSSDNA or RNA oligonucleotides
 Were introduced In 1990.




History

M\Aptamers are synthetic, highly structured, single stranded DNA/RNA ligands

Term “Aptamer”’(Ellington&Szostak 1990) : aptus (to fit) + mer (part)

The first SELEX experiment on single- stranded oligonucleotides was
published by Tuerk and Gold in 1990

'Systematic evolution of ligands by exponential enrichment' (SELEX)

A protocol in which vast libraries of single-stranded oligonucleotides are
screened for desired activities E




) Different Applications of Aptamers

Drug Delivery

Diagnosis

Therapeutic tools

New drugs

6

aptamer

Biological Imaging

Biosensors

—>| Purification of proteins




e ;Vrogress of aptamers for diseases’ therapy in on-going or completed clinical trials

Table 4. Progress of aptamers for diseases” therapy in on-going or completed clinical trials.
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\ ' Examples of recently developed aptamers for the diagnosis of human diseases.

Name Target K4 (nM) Sensitivity Specificity
Cancers
o 66.7% (n =18
. 81.7% (n="T1 L
. Metastatic colon cancer cells _ non-metastatic
XL-33 r 07 metastatic colon _
(SW620) | colon cancer
cancer f1ssues) .
[ssues)
19 Eha]nn;%iacnrr:innma cells 01 100% (n - b cancer
/ (QBC-939) cell lines)
Metastatic breast cancer cells . oy 100% (n = § cancer
s (MDA-MB-231) B =3 ol ines




A schematically represented biosensor

«"Asensor is a device that transforms environmental information, ranging from the
concentration of a specific sample component to total composition analysis, into an
analytically useful signal.
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Combination of aptamer and blosensor

“‘rinciple of optical biosensor and electrochemical biosensor
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. 1 Target No Target

amegony < N
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Absorbance changed Absorbance unchanged

CMCS H,N-aptamer AulNP DNA of S. typh NacCl

The schematic diagram of optical aptamer biosensor for detecting S. typimurium.
Reprinted with permission from Yi et al. (2019)




= ~ Aptamers versus antibodlies
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< Aptamers versus antibodlies
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Select for the desired
target form.

Small size of aptamers.

Used to bind to multiple epitopes
simultaneously without physical
constraint.




N =" Aptamer advantages for diagnostic producers.

Aptamers Antibodies
Production time 1 week 6 months
Quality assurance simple extensive
shipping ambient -4C

Target Range

Wide: lons, Cell, Toxins

Narrow: Immunogenics

Chemical Modification

Easy

Limited
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= Aptamer-target interaction

*»+The binding forces mediating the aptamer—target interactions, such as

* hydrogen bonding
e electrostatic interaction
« hydrophobic effect

e vanderWaals forces




The aptamers for different epitopes on
target protein.

Mixed together on capture surface.

Combined binding increases affinity.
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Quantitative Diagnostic Methods for Aptamers

« ELISA

* Flow cytometry

« Capillary tube electrophoresis

« High-performance liquid chromatography (HPLC)
- MALDI TOF
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~  SELEX components (cont.)
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Separation techniques

«  Filtration ( nitrocellulose, Dialysis)

«  Chromatography( size exclusion,Affinity)

»  Electrophoresis(PAGE, Agarose)

Magnetic beads

*  Precipitation( immunoprecipitation, centrifuge)
« SPR

AFM: High cost




SELEX

Negative SELEX

Counter SELEX




Measurement of KD values and LOD
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- - f;: ; Aptamer-based technology for the identification of food pathogens

Table 1 Examples of aptamers application to different targets in different areas

Target Method Sample

Streptococcus pyvogenes Cell-SELEX Cooked chicken

Salmonella tvphimurium Cell-SELEX Pasteunzed milk

Salmonella typhimurium and Vibrio Cell-SELEX Frozen shrimp, chicken breasts
parahemolyticus

Salmonella - Pork

Escherichia coli Cell-SELEX Milk and tap water and pond

Staphyvlococcus aureus - Fresh fish

Staphyvlococcus aureus Cell-SELEX Pork meat

Staphyvlococcus aureus Cell-SELEX Milk

Listeria monocytogenes SELEX Liced beef, chicken, turkey

Campwlobacter jefuni SELEX Live cell

Lactobacillus acidophilus Cell-SELEX Oxidized PSi1 Fabry-Pérot thin films

Francisella tularensis SELEX Bacterial antigen




£ - - f;;: : Aptamer-based technology for the identification of food pathogens

Table 1 Method for detecting microorganisms by optical aptamer biosensor

Detection method Detection objects Strategy LOD Ref
(sample type)
Colorimetry S. typimurium (milk) Gold nanoparticles modify aptamer 56 cfumL Ma et al. (2017)
Colorimetry V. parahemolyticus (water) Horseradish peroxidase catalytic substrate 10 cfu'mL Wu et al. (2015)
Colorimetry E. coli (food extract) Gold nanoparticles bind to target DNA fragments <1 logefu/g Quintela et al.
(2015)
Colorimetry S. typimurium (serum) The binding affinity and specificity of 107 cfw/mL Lavu et al. (2016)
aptamer are determined by fluorescence
binding assays|
Colorimetry H3N2 virus (pure virus) Enzyme catalyze hydrogen peroxide to reduce gold 11.16 pg/mL Chen et al. (2016)
ions
Colorimetry Patulin (food extract) An enzyme-chromogenic substrate system 48 pg/mL Wu et al. (2016)
Fluorescence S. enteritidis (food and Fluorescent dye bind with a G-gquadruplexes 60 cfuwmL Zhang et al. (2016)
walter)
Fluorescence H. pylori (milk) Aptamer-CulnS2 quantum dots sensor 0.46 pmol/L Liu et al. (2017}
Fluorescence S. sonnet (food extract) A sandwich complex pair of S5-3 and 554 107 cells/mL Song et al. (2017)
Fluorescence 8. awrens (whole blood) Aptamer-functionalized silica magnetic nanoparticles 682 cfu/mL Borsa et al. (2016)
Fluorescence HINI1 virus (pure virus) A sandwich-based aptamer assay is performed 0.032 HAU Tseng et al. (2016)
on an ntegrated microfluidic system automatically
Fluorescence aflatoxin M1 (milk) The quenching-dequenching mechanism 5.0 ngkg Sharma et al. (2016)
Absorbance L. monocytogens (milk) Vancomyein and aptamer recognize L. 5.4x10° cfwmL Zhang et al. (2016)

Chemilumine-scence E. coli (milk)

monocytogenes at different sites

E. coli O157:H7 bind with aptamer-conjugated 6-FAM 4.5 % 10° cfw/mL Khang et al. (2016)




X/ Haemophilus influenzae

Media and reagents

Random DNA library and primers

PCR amplification

ssDNA preparation

Bacterial cell SELEX

Flow cytometric analysis of aptamer-binding affinity
Detection of Hib

Aptamers binding assay

Prediction of secondary structures

Candidate sequence detection in clinical samples




Shigella sonner

Bacterial strains and reagents

Oligonucleotide library and primers

Whole bacterial cell SELEX procedure

Cloning and sequencing

Enzyme-Linked Aptamer Sedimentation Assay (ELASA)

Statistical analyses




Bacillus anthracis | > spore

Campylobacter jejuni | > Cross Reaction

QDS quantum dots
Bacillus thuringiensis

CNTS carbon nanotubes
Salmonella | > S-ps8 4 -Pilli IVB




Staphylococcus aureus
Staphylococcus aureus enterotoxin a

Staphylococcus aureus enterotoxin b




Conclusions

+ TN the near future, it will be getting easier and quicker to obtain aptamers with high affinity and
specificity for clinical use, with the development of new instruments and software, combining high-

throughput sequencing with high-throughput binding analysis.

« Aptamers are also ideal targeting ligands for targeted therapy, due to their possession of the high

affinity and specificity ability.

« \arious aptamer-based drug delivery systems such as aptamer-chemotherapy agents, aptamer-
SIRNA/shRNA/mMIRNA, aptamer-antibody, aptamer-enzyme and aptamer-nanoparticles have been
established to specifically deliver the drug to the expected sites, therefore reducing the possibility of

side effects caused by the off-target effects. E
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