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Phage selected Bicyclic Peptides for the Inhibition  

of Matrix metalloproteinases-2 and -9 

Matrix metalloproteinases (MMPs) form a group of 20 structurally related proteins with high 

importance in normal physiological processes. Its production and activity plays a vital role in 

maintaining the homeostatic balance of the extracellular environment.  Shift of this balance has 

been implicated in progression of various diseases like cancer, arthritis and multiple sclerosis. 

MMPs are considered as important drug targets for non-cytotoxic cancer therapies due to their 

role in tumor growth and metastasis formation. Clinical trials of broadly blocking MMPs in 

patients failed because the unspecific MMP inhibitors caused side effects and because multiple 

MMPs that are today known to have host-protective functions (e.g. repression of angiogenesis) 

were blocked by the non-specific inhibitors. Development of inhibitors capable of selectively 

inhibiting a small set of MMPs is of great importance. However, the generation of selective 

inhibitors to this class of proteases is difficult because of the high structural similarity of the 

more than 20 existing human MMPs.  

Bicyclic peptides form a new class of highly potent and selective phage-derived chemically 

modified peptides. (Heinis, C., et al., Nat. Chem. Biol., 5, 502-507, 2009). My degree project 

work aimed at testing the inhibitory effect of phage-selected bicyclic peptides on MMP-2 and 

MMP-9 respectively. The study method involved subcloning the DNA sequences encoding the 

phage selected bicyclic peptide fusions into an expression vector (plasmid pET28b). 

Furthermore, the goal was to express, purify, chemically conjugate the purified peptide fusion 

protein with tris-bromomethyl-benezne (TBMB) to obtain a bicyclic structure and characterize 

their inhibitory activity towards corresponding MMP-2 and -9 respectively.  

 

Two bicyclic peptides were able to inhibit MMP-9 at concentrations at of 5, 2.5 and 1.25 μM 

and have an IC50 of 3 and 4.5 μM respectively. The clones which did not show inhibition may 

inhibit the MMP-2 or -9 at higher concentrations. There is also a possibility that these clones 

are not inhibitors i.e. they do not probably bind to the active site of enzyme. They may have 

been selected by binding to some other domain during phage selection with MMP-2 and -9 

respectively. A different strategy which allows us to determine more specifically bicyclic 

peptides binding to the active site and avoid obtaining bicyclic peptides not binding to the 

active site is being worked on.  


