
ABSTRACT 

Despite diagnostic advancements in prostate cancer, early detection of aggressive forms 

remains challenging. Prostate specific antigen (PSA) screening, followed by biopsy, is the 

standard diagnostic method. However, this approach is hampered by over-detection and 

inability to differentiate between dormant and aggressive tumors by PSA, leading to 

unnecessary invasive procedures and overtreatment. Prostate specific membrane antigen 

(PSMA), a tissue-based biomarker linked to prostate cancer aggressiveness has shown promise, 

but heterogeneity in expression necessitates exploration of new biomarkers. Treatments like 

surgery, radiotherapy, hormonal therapy, chemotherapy and immunotherapy have lessened the 

burden of metastatic prostate cancer. Nonetheless, undesirable side effects like recurrence and 

development of insensitive and resistant tumors makes it imperative to search for alternative 

treatment approaches. Protein-based nanomedicines have emerged as promising alternative in 

cancer detection and therapy by utilizing diverse functional properties of various proteins to 

overcome the limitations of conventional small molecules drugs. In contrast to conventional 

chemotherapy, protein-based nanomedicines offer precise targeting, reduced off-target effects 

and enhanced therapeutic efficacy.  

In the present work, novel composite protein engineered nanomedicines were designed while 

conjugating different class of proteins via genetic engineering for prostate cancer management. 

Erythropoietin-producing hepatocellular (Eph) receptors a subfamily of receptor tyrosine 

kinases, play a pivotal role in cancer development and progression. Thus, Ephs, have emerged 

as prominent cancer biomarkers due to their aberrant expression with cancer progression. 

Azurin, a bacterial protein isolated from Pseudomonas aeruginosa, has demonstrated its 

potential in inhibiting tumor progression by disrupting Eph–ephrin signaling via its C-terminal 

domain as one of the mechanisms. In prostate cancer, overexpression of EphA6 receptors has 

been associated with prostate cancer metastasis. Thus, for the first-time cell surface receptor, 



EphA6 has been explored as a theranostic biomarker for detecting and simultaneously killing 

of metastatic prostate cancer in in vitro studies. The in silico binding studies, demonstrated that 

the fusion protein, his6EGFP-azu (80–128) exhibited higher binding affinity for the EphA6 

receptor compared to traditional ephrin A ligands via azu (80– 128) peptide. Inspired by the in 

silico binding studies, a novel recombinant protein his6EGFP- azu (80-128) was designed, 

cloned, expressed, and purified. The his6EGFP-azu (80–128) fusion protein, spontaneously 

self-assembled as nanoparticles, effectively targeted EphA6 receptors on prostate cancer cells 

(LNCaP) and demonstrated remarkable imaging potential, antiproliferative, apoptotic, 

antimigratory, and anti-invasive effects, while sparing EphA6- negative human normal lung 

cells (WI-38). Further, to enhance the therapeutic efficacy of azurin via its nanodelivery as 

cross-linked azurin-ELP micelles, a fusion protein composed of azurin and a thermally 

responsive structural cationic elastin-like protein (ELP), was designed, cloned, expressed, and 

purified. A simple method of inverse transition cycle (ITC) was employed to purify the fusion 

protein azurin-ELP diblock copolymer (d-bc). Further, it’s self-assembly properties were 

investigated. Interestingly, the engineered azurin-ELP d-bc in response to increasing 

temperature shows a dual step phase separation into bio-functional nanostructures. Around 

physiological temperature azurin-ELP d-bc formed stable coacervates which was dependent on 

the concentration and time of incubation. These coacervates were formed below the lower 

critical solubility temperature (LCST) of the ELP block at physiological temperature. Above 

LCST micelles of size ranging from 25-30 nm are formed. The cytotoxicity of azurin-ELP d-

bc depends on the size of coacervates formed and their cellular uptake at physiological 

temperature. Further, MTT assay of azurin-ELP d-bc in the cross-linked micelles prepared ex 

situ showed > six times higher killing of LNCaP cells than the unimeric form of azurin-ELP at 

5 µM concentration. The flow cytometric results of these micelles at 20 µM concentration 



showed, ~97 % LNCaP cells in apoptotic phase. Thus, azurin-ELP cross-linked micelles 

enhanced potential for anticancer therapy due to their higher avidity.  

Thus, in retrospect protein engineered nanomedicines based on the recombinant proteins, 

azurin-ELP and his6EGFP-azu (80–128) were designed by fusing, an anticancer bacterial 

protein, azurin with a thermoresponsive structural protein, ELP and azurin’s peptide azu (80- 

128) with fluorescent protein EGFP, respectively. The unique functions of both the components 

in the fusion systems aided in the nanoscale self-assembly of the recombinant proteins to 

achieve enhanced therapeutic effect along with real time imaging of the prostate cancer cells. 

The work collectively represents innovative approaches for targeting prostate cancer aiming to 

overcome the limitations associated with conventional approach. These findings contribute 

valuable insights to the evolving field of protein-based nanotherapeutics and nanotheranostics 

with significant potential for precision cancer therapy. 


