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Protein overexpression is linked to a number of disorders (cancer, Alzheimer's, Parkinson's, and 

so on). Therefore, many current treatments are focused on binding and inhibiting these 

proteins.  Finding protein inhibitors as drugs is frequently hampered by a lack of understanding of 

protein structures. RNA and DNA-based therapies (oligonucleotides) that bind to messenger 

RNAs (mRNA) and suppress protein expression have gotten a lot of attention in recent years. 

This method prevents the creation of an undesired protein by acting directly at the genetic level. 

Antisense oligonucleotides (ASO)-single-stranded DNA molecules that bind to mRNA and 

prevent gene translation of a target protein- are one of the most common nucleic acid 

therapeutics. However, ASOs confront difficulties in clinical use, such as nuclease degradation, 

low cellular uptake, and liver accumulation. To address these issues, researchers have tried a 

variety of techniques, including chemical modifications of nucleic acid bases and embedding of 

ASOs into nanoparticles. However, the latter approach may cause problems such as high 

polydispersity in the final product's structures, which may affect their effective clinical application 

[1]. 

The employment of DNA-based nanocarriers is an emerging strategy for dealing with these 

problems. Our team created novel amphiphilic DNA-block copolymers [2], in which DNA is 

covalently bonded to a hydrophobic polymer. These polymers are sequence-defined and 

monodisperse and are created by adapting automated DNA synthesis methods. The DNA-

polymer conjugates self-assemble in aqueous media into well-defined structures with a DNA 

exterior and a hydrophobic core, such as nanospheres, nanofibers, or nanosheets [3]. Despite 

the advantages of DNA amphiphiles, certain obstacles need to be addressed. Little is known 

about the pharmacokinetics (in-vivo circulation, distribution, metabolism, excretion, etc.) of DNA 

nanostructures. In addition, the shape of a nanoparticle has been shown to alter its biodistribution, 
cellular uptake, and cell targeting in-vivo. As a result, it is critical to investigate the properties of 

assemblies with various modifications and shapes. 

My research fulfills this aim by first creating a large library of DNA-polymer conjugates with a 

variety of designed ASO sequences and different hydrophobic monomer compositions. Then we 

look into their biological activity. Furthermore, we were able to encapsulate small molecules in 

our self-assembled DNA nanostructures hydrophobic core that allows us to benefit from drug 

delivery to targeted cells as well as ASO's activity at the genetic. Moreover, we have been working 

on different shapes of these assemblies like rods in different sizes and stabilizing them for 

biological studies. The intended research will lay the groundwork for using optimized DNA-

conjugates for each cell line's uptake and biological activity. Furthermore, by encapsulating 

various small molecule drugs in these structures, we can create personalized dual therapy 

medications. This research could lead to new industrial collaborations targeted at generating 

more effective oligonucleotide medicines. 
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