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Photodynamic therapy (PDT) is a non-invasive treatment for different types of cancer. It relies on the use of 

photosensitizer agents (PS) able to generate reactive oxygen species (ROS) upon light irradiation to locally 

kill cancer cells [1]. Thiophene-based materials are characterized by a wide range of interesting properties 

such as controllable tuning of the absorption and emission, easy synthetic modification, geometrical 

adaptability, biocompatibility, and much more. These characteristics make them suitable candidates as light-

activated ROS generators for PDT [2]. Nevertheless, due to their inability to target specific cells, a biological 

carrier is required. Recently, we showed that an oligothiophene-based PS, namely ECB04,  upon 

conjugation with human serum albumin (HSA) to improve its cellular uptake, is able to promote the 

complete eradication of HeLa cancer cells [3]. However, with the employed protocol, just one or two 

ECB04 molecules are linked to an HSA protein strand and the obtained bio-conjugate shows killing activity 

only at a micromolar concentration (IC50 ≈ 2 μM). Here, we propose a novel bioconjugation strategy for 

ECB04 involving an engineered bacteriophage M13. This genetically modified virus can be used as a 

carrier to target specific receptors, particularly, the epidermal growth factor receptor (EGFR). Remarkably, 

the resulting bio-conjugate is decorated with more than 400 ECB04 molecules. This significantly enhances 

the cellular uptake in cells overexpressing EGFR and drastically reduces the half-maximal inhibitory 

concentration (IC50) down to picomolar concentrations (IC50 = 160 pM), which is one of the lowest 

concentrations ever observed for PDT treatment. This effect has been consistently observed both in vitro 

and in vivo. Finally, we conclude with an outlook on the design and synthesis of even more efficient ECB-

like oligothiophenes, their bioconjugation with HSA, and some preliminary tests of the adducts, that 

demonstrate the enhanced killing capability of these new compounds. 

 

Figure 1. A) Chemical modification of HSA and M13 bacteriophage. B) Photo-dependent cytotoxicity on A431 cancer cells 

treated with M13EGFR(ECB04) or HSA(ECB04) bioconjugates. C) ECB-like oligothiophenes molecular structures. 
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