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ABSTRACT

Dip-Pen Nanolithography (DPN) has emerged as a powerful technique for precise nanopatterning, offering unparalleled
control over surface chemistry and structure at the nanoscale. In the realm of bioscience and nanotechnology, DPN holds
promise for various applications, including the precise deposition of oligonucleotides - short sequences of nucleotides crucial
for biological processes. This paper explores recent advancements in utilizing thermoplastic polymer substrates for DPN of
oligonucleotides. Thermoplastic polymers, such as polystyrene, poly(methyl methacrylate) (PMMA), and polyethylene glycol
(PEQG), offer advantages such as flexibility, tunable surface chemistry, and biocompatibility. These substrates enable precise
control over oligonucleotide deposition and provide a platform for integrating DPN with other fabrication techniques. The
integration of thermoplastic polymers with DPN opens up new avenues for applications in biotechnology, diagnostics, and
therapeutics. Future research directions aim to refine fabrication techniques, enhance resolution and throughput, and explore
novel applications in biomedicine and nanotechnology. This review highlights the potential of thermoplastic polymer-based
DPN for advancing the field of oligonucleotide nanolithography and its implications for biomedical and nanotechnological
innovations.

Keywords: Dip-Pen Nanolithography (DPN), Thermoplastic polymer substrates, Oligonucleotide patterning, Nanoscale

fabrication, Biocompatible surfaces

INTRODUCTION

Dip-Pen Nanolithography (DPN) has emerged as a powerful tool
for precise nanopatterning, offering unprecedented control over
surface chemistry and structure at the nanoscale. Particularly in
the realm of bioscience and nanotechnology, DPN holds promise
for applications ranging from biosensing to drug delivery [1].
One significant area of focus within this field is the patterning
of oligonucleotides - short sequences of nucleotides that play
crucial roles in biological processes, such as gene expression
and DNA replication. In recent years, researchers have explored
the use of thermoplastic polymer substrates as an innovative
approach to enhance the capabilities of DPN for oligonucleotide
patterning [2-5]. This article delves into the advancements and
potential of utilizing thermoplastic polymer substrates in DPN for
oligonucleotide nanolithography. Dip-Pen Nanolithography (DPN)
has emerged as a groundbreaking technique in nanotechnology,
offering precise control over molecular deposition at the nanoscale.
This capability has found extensive applications in various fields,

including bioscience and nanomedicine [6]. Among the diverse
applications of DPN, the precise patterning of oligonucleotides
has garnered significant attention due to its potential impact on
fundamental biological research, diagnostics, and therapeutics.
Oligonucleotides, short sequences of nucleotides, play pivotal roles
in biological processes such as gene expression, DNA replication,
and molecular recognition [7]. The ability to precisely manipulate
and pattern oligonucleotides at the nanoscale opens up avenues for
studying biomolecular interactions, developing diagnostic assays,
and engineering advanced biomedical devices. However, achieving
precise and reliable patterning of oligonucleotides presents several
challenges, including the choice of suitable substrates, control
over molecular deposition, and preservation of oligonucleotide
integrity [8,9]. In recent years, researchers have explored the use
of thermoplastic polymer substrates as a promising approach to
address these challenges and enhance the capabilities of DPN
for oligonucleotide patterning. Thermoplastic polymers offer
several advantages, including flexibility, tunable surface chemistry,
and biocompatibility, making them well-suited for biomedical
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applications. Moreover, the ability to functionalize thermoplastic
polymer surfaces enables precise control over molecular interactions
and enhances the adhesion of oligonucleotides [10].

Understanding dip-pen nanolithography

Dip-Pen Nanolithography (DPN) is a scanning probe lithography
technique that enables the deposition of molecules with nanoscale
precision onto a substrate surface. In DPN, a sharp tip coated
with the desired material is brought into contact with a substrate,
where molecules are transferred from the tip to the surface through
capillary action. By precisely controlling the movement of the tip,
complex patterns can be created at the nanoscale.

Advantages of thermoplastic polymer substrates

Thermoplastic polymers offer several advantages as substrates for
DPN of oligonucleotides. These polymers, such as polystyrene,
poly(methyl methacrylate) (PMMA), and polyethylene glycol (PEG),
exhibit properties such as flexibility, tunable surface chemistry,
and biocompatibility. Moreover, thermoplastic polymer substrates
can be easily functionalized with various chemical moieties to
control surface properties, enhance molecular adhesion, and
facilitate specific interactions with oligonucleotides. Furthermore,
thermoplastic polymers can be patterned using conventional
lithographic techniques, allowing for the fabrication of complex
micro-and nanostructures prior to oligonucleotide deposition. This
capability enables the integration of DPN with other fabrication
methods, expanding the potential applications of oligonucleotide
nanolithography.

MATERIALS AND METHODS

Selection of thermoplastic polymer substrates

Describe the thermoplastic polymers chosen for substrate
fabrication, such as polystyrene, poly(methyl methacrylate)
(PMMA), or polyethylene glycol (PEG).

Discuss the rationale behind selecting these polymers based on their
mechanical properties, surface chemistry, and biocompatibility.

Substrate preparation

Outline the procedure for preparing thermoplastic polymer
substrates, including cleaning, surface functionalization, and
patterning (if applicable).

Detail any surface modification techniques employed to tailor
the substrate properties for specific applications, such as plasma
treatment, chemical functionalization, or micro/nanostructuring.

Preparation of oligonucleotide ink

Provide information on the synthesis or procurement of
oligonucleotides used for DPN.

Describe the formulation of the ink solution containing
oligonucleotides, including solvent choice, concentration, and any
additives used to enhance stability or functionality.

Dip-pen nanolithography setup

Describe the DPN setup used for patterning oligonucleotides onto
thermoplastic polymer substrates.

Specify the type of atomic force microscope (AFM) or scanning
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probe microscope (SPM) employed, along with the configuration
of the ink delivery system.

Detail the experimental parameters, such as tip material, tip radius,
writing speed, and applied forces, optimized for oligonucleotide
deposition.

Oligonucleotide patterning procedure

Outline the step-bystep process of performing DPN on

thermoplastic polymer substrates.

Include information on tip conditioning, calibration, and
validation procedures to ensure reproducibility and accuracy of
patterning.

Provide details on the patterning strategy employed (e.g., direct-
write, molecular ink lithography) and any patterning algorithms
utilized for complex designs.

Characterization and validation

Describe the techniques used to characterize and validate the
patterned oligonucleotide arrays.

Include information on imaging methods (e.g., AFM, fluorescence
microscopy) used to visualize the patterns and assess their quality.

Discuss any analytical techniques employed to evaluate the density,
homogeneity, and functionality of the deposited oligonucleotides,
such as hybridization assays or surface-sensitive spectroscopy.

Applications and future directions

The utilization of thermoplastic polymer substrates for DPN
of oligonucleotides holds promise for various applications in
biotechnology, diagnostics, and therapeutics. For example,
patterned oligonucleotide arrays on flexible polymer substrates
could be employed for high-throughput screening of biomolecular
interactions, DNA sequencing, and diagnostic assays. Additionally,
the ability to precisely control the spatial distribution of
oligonucleotides on polymer surfaces opens up new avenues for
the development of programmable biosensors, drug delivery
platforms, and tissue engineering scaffolds. Future research in this
area is focused on refining the fabrication techniques, enhancing
the resolution and throughput of oligonucleotide patterning, and
exploring novel applications in biomedicine and nanotechnology.
Integration with emerging technologies such as microfluidics and
single-molecule imaging could further advance the capabilities
of thermoplastic polymer-based DPN for oligonucleotide
nanolithography.

CONCLUSION

The utilization of thermoplastic polymer substrates in Dip-Pen
Nanolithography offers a versatile and promising approach for
the precise patterning of oligonucleotides at the nanoscale. By
leveraging the unique properties of these polymers, researchers are
expanding the capabilities of DPN for applications in biotechnology,
nanomedicine, and beyond. Continued advancements in this field
hold the potential to revolutionize the way we manipulate and
engineer biomolecules at the molecular level, paving the way for
innovative solutions in healthcare, diagnostics, and biotechnology.

REFERENCES

1. Cho]J S, Hong Y J, Kang Y C. Design and Synthesis of Bubble-


https://www.researchgate.net/publication/273463361_Design_and_Synthesis_of_Bubble-Nanorod-Structured_Fe_2_O_3_-Carbon_Nanofibers_as_Advanced_Anode_Material_for_Li-Ion_Batteries

Vivek S.

Nanorod-Structured Fe2O3-Carbon Nanofibers as Advanced Anode
Material for Li-lon Batteries. ACS Nano. 2015; 9: 4026.

Asoufi HM, AlAntary T M, Awwad AM. Magnetite (Fe304)
Nanoparticles Synthesis and Anti Green Peach Aphid Activity
(Myzuspersicae Sulzer). Journal of Computational Biology. 2018; 6.

Esmaili N, Mohammadi P, Abbaszadeh M, Sheibani H. Green
synthesis of silver nanoparticles using Eucalyptus comadulensis leaves
extract and its immobilization on magnetic nanocomposite (GO
Fe304/PAA/Ag) as a recoverable catalyst for degradation of organic
dyes in water. Applied Organometallic Chemistry. 2020; 34(4): €5547.

Sandhya ], Kalaiselvam S. Biogenic synthesis of magnetic iron
oxide nanoparticles using inedible borassus flabellifer seed coat:
characterization, antimicrobial, antioxidant activity and in vitro
cytotoxicity analysis. Materials Research Express. 2020; 7(1): 015045.

Zhang N, Li X, Wang Y, Zhu B, Yang ]. Fabrication of magnetically
recoverable Fe304/CdS/¢-C3N4 photocatalysts  for effective

J Nanomed Nanotechnol, Vol.15 Iss. 2 No: 725

10.

OPEN aACCESS Freely available online

degradation of ciprofloxacin under visible light. Ceramics

International. 2020.

Liu S, Yu B, Wang S, Shen Y, Cong H. Preparation, surface
functionalization and application of Fe304 magnetic nanoparticles.

Adv. Colloid Interface Sci. 2020; 102165.

Mirza S, Ahmad MS, Shah A, Ateeq M. Magnetic nanoparticles: drug
delivery and bioimaging applications. 2020; 189-213.

Iravani S, Korbekandi H, Mirmohammadi SV, Zolfaghari B. Synthesis
of silver nanoparticles: chemical, physical and biological methods. Int

J Pharm Sci. 2014; 9(6): 385.

Sorbiun M, Shayegan Mehr E, Ramazani A, Mashhadi A. Biosynthesis
of metallic nanoparticles using plant extracts and evaluation of their
antibacterial properties. Nanochemistry Research. 2018; 3(1): 1-16.

Singh ], Dutta T, Kim KH, Rawat M, Samddar P, Kumar P. Green
synthesis of metals and their oxide nanoparticles: applications for
environmental remediation. Journal of nanobiotechnology. 2018;

16(1): 1-24.


https://www.researchgate.net/publication/273463361_Design_and_Synthesis_of_Bubble-Nanorod-Structured_Fe_2_O_3_-Carbon_Nanofibers_as_Advanced_Anode_Material_for_Li-Ion_Batteries
https://www.researchgate.net/publication/273463361_Design_and_Synthesis_of_Bubble-Nanorod-Structured_Fe_2_O_3_-Carbon_Nanofibers_as_Advanced_Anode_Material_for_Li-Ion_Batteries
https://www.researchgate.net/publication/326878544_Magnetite_Fe_3_O_4_Nanoparticles_Synthesis_and_Anti_Green_Peach_Aphid_Activity_Myzuspersicae_Sulzer
https://www.researchgate.net/publication/326878544_Magnetite_Fe_3_O_4_Nanoparticles_Synthesis_and_Anti_Green_Peach_Aphid_Activity_Myzuspersicae_Sulzer
https://www.researchgate.net/publication/326878544_Magnetite_Fe_3_O_4_Nanoparticles_Synthesis_and_Anti_Green_Peach_Aphid_Activity_Myzuspersicae_Sulzer
https://www.researchgate.net/publication/339193533_Green_synthesis_of_silver_nanoparticles_using_Eucalyptus_comadulensis_leaves_extract_and_its_immobilization_on_magnetic_nanocomposite_GO-Fe3O4PAAAg_as_a_recoverable_catalyst_for_degradation_of_organic
https://www.researchgate.net/publication/339193533_Green_synthesis_of_silver_nanoparticles_using_Eucalyptus_comadulensis_leaves_extract_and_its_immobilization_on_magnetic_nanocomposite_GO-Fe3O4PAAAg_as_a_recoverable_catalyst_for_degradation_of_organic
https://www.researchgate.net/publication/339193533_Green_synthesis_of_silver_nanoparticles_using_Eucalyptus_comadulensis_leaves_extract_and_its_immobilization_on_magnetic_nanocomposite_GO-Fe3O4PAAAg_as_a_recoverable_catalyst_for_degradation_of_organic
https://www.researchgate.net/publication/339193533_Green_synthesis_of_silver_nanoparticles_using_Eucalyptus_comadulensis_leaves_extract_and_its_immobilization_on_magnetic_nanocomposite_GO-Fe3O4PAAAg_as_a_recoverable_catalyst_for_degradation_of_organic
https://www.researchgate.net/publication/339193533_Green_synthesis_of_silver_nanoparticles_using_Eucalyptus_comadulensis_leaves_extract_and_its_immobilization_on_magnetic_nanocomposite_GO-Fe3O4PAAAg_as_a_recoverable_catalyst_for_degradation_of_organic
https://www.researchgate.net/publication/338238999_Biogenic_synthesis_of_magnetic_iron_oxide_nanoparticles_using_inedible_borassus_flabellifer_seed_coat_characterization_antimicrobial_antioxidant_activity_and_in_vitro_cytotoxicity_analysis
https://www.researchgate.net/publication/338238999_Biogenic_synthesis_of_magnetic_iron_oxide_nanoparticles_using_inedible_borassus_flabellifer_seed_coat_characterization_antimicrobial_antioxidant_activity_and_in_vitro_cytotoxicity_analysis
https://www.researchgate.net/publication/338238999_Biogenic_synthesis_of_magnetic_iron_oxide_nanoparticles_using_inedible_borassus_flabellifer_seed_coat_characterization_antimicrobial_antioxidant_activity_and_in_vitro_cytotoxicity_analysis
https://www.researchgate.net/publication/338238999_Biogenic_synthesis_of_magnetic_iron_oxide_nanoparticles_using_inedible_borassus_flabellifer_seed_coat_characterization_antimicrobial_antioxidant_activity_and_in_vitro_cytotoxicity_analysis
https://www.sciencedirect.com/science/article/abs/pii/S0272884220314462
https://www.sciencedirect.com/science/article/abs/pii/S0272884220314462
https://www.sciencedirect.com/science/article/abs/pii/S0272884220314462
https://www.sciencedirect.com/science/article/abs/pii/S0001868620300956
https://www.sciencedirect.com/science/article/abs/pii/S0001868620300956
https://www.sciencedirect.com/science/article/abs/pii/B9780128169605000112
https://www.sciencedirect.com/science/article/abs/pii/B9780128169605000112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4326978/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4326978/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908060/
https://www.researchgate.net/publication/328601456_'Green'_synthesis_of_metals_and_their_oxide_nanoparticles_Applications_for_environmental_remediation
https://www.researchgate.net/publication/328601456_'Green'_synthesis_of_metals_and_their_oxide_nanoparticles_Applications_for_environmental_remediation
https://www.researchgate.net/publication/328601456_'Green'_synthesis_of_metals_and_their_oxide_nanoparticles_Applications_for_environmental_remediation

	Correspondence to
	ABSTRACT

