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Aim of project: The scientific problem undertaken in this project is to examine and describe 

the interactions occurring between the DNA strand, that is the proposed bioreceptor and 

immunosuppressive thiopurine analogues. The comprehensive description of these 

interactions will be the first step in developing an effective method of thiopurine 

determination. Obtained information will be vital for further investigation on the 

development of selective biosensors for thiopurines detection. This will open the door for 

manufacturing of the disposable sensors, that can be used in clinical practice to monitor the 

concentration of these drugs in patients' blood.  

 

Short description: Immunosuppressants are important drugs used in autoimmune diseases 

treatment and after organ transplantation to minimize the risk of the transplant rejection. 

Thiopurines, are one of the examples of this class of drugs. Azathioprine is a thiopurine-type 

commonly used prodrug, which is converted in the liver and kidneys to drugs as 6-

mercaptopurine and 6-thioguanine. The activity of thiopurines relays on the inhibition of 

DNA synthesis in cells. In these DNA molecules regular purines (guanine and adenine) are 

replaced by thiopurines, which disables DNA replication, inhibiting proliferation of cells 

involved in the immune response. The therapeutic effect of azathioprine occurs after weeks 

or months of medication. Unfortunately, long-term administration of azathioprine can lead to 

many serious side effects. To select an effective dose, while minimizing side effects, the 

patient must undergo regular tests. To accomplish this task, it is necessary to propose a 

measuring system with properties adapted to the analyzed substances. In this project gold 

screen-printed electrodes, modified with gold nanoparticles, to which DNA fragments will be 

attached by linkers will be used. Gold nanoparticles significantly increase the electrode 

active surface and enhance the electron transfer between the bioreceptor and the electrode, 

which in turn increases the sensitivity of the measuring system. Moreover, the selected 

bioreceptor can be easily attached to the surface of nanoparticles. Typically, bifunctional 

thiols are used, whose thiol group binds to the gold surface, and the second functional group 

serves as a bonding site for bioreceptors immobilization. However, the number of receptors 

connected with the surface is relatively small. To increase the amount of surface-connected 

bioreceptors, we propose the alignment of hyperbranched molecules – dendrimers. 

Dendrimers consist of repetitive connections of organic compounds that split like branches 

from the tree bough. Thanks to this branched structure, there may be dozens of functional 

groups on the dendrimer surface, which can be used to immobilize the bioreceptor. The 

number of receptor molecules connected with the electrode surface has a significant impact 

on the recorded signal intensity. The proposed electrodes modified with the nanogold-

dendrimer-DNA system will assure the sensitive and selective measuring system for study on 

the DNA-thiopurines interactions. These studies will give base for the description of DNA-

thiopurines interaction and may also shed light on the cause of the azathioprine side-effects. 



 


