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Human Thymidylate Synthase (hTS) is a critical target for cancer therapy, as it is the key enzyme of folate 
cycle for DNA replication and repair. However, drug resistance in colorectal cancer (CRC) cells limits the 
clinical efficacy of TS-targeting drugs. Cells with increased TS protein activity are less sensitive to TS-targeting 
chemotherapeutic agents (5-FU and pemetrexed), and exhibit cross-resistance to other chemotherapeutics 
(e.g., oxaliplatin). For this reason, we have recently proposed innovative hTS inhibitors with an innovative 
mechanism of action that prevent protein overexpression and downregulate hTS by increasing its 
proteasomal degradation rate, by targeting the dimer interface and drive the dimer to separate into its 
monomers (dimer destabilizers, DDIS). We have demonstrated that after the administration of DDIS, both in 
vitro and in vivo, hTS catalytic activity is inhibited, and the intracellular protein level is rapidly decreased 
because of TS dimer dissociation [1]. 

hTS is also able to control its own biosynthesis with a negative feedback mechanism on its mRNA, by 
exploiting a peripheric mRNA binding domain (RBD). Through RBD, hTS is also assumed to regulate cellular 
expression of several genes, including those regulating apoptosis and chemosensitivity (c-myc, blc-2, p53) [2]. 
The state of ligand occupancy influences hTS's RNA-binding activity. When hTS is devoid of active-site ligands, 
its RNA-binding activity is at its peak, resulting in translational repression of TSmRNA. When hTS is bound to 
either of its physiologic substrates or substrate-analogue inhibitors, the in vitro binding of TS to its mRNA is 
reduced [3]. The aim of this work is thus to study the translational repression mechanism of hTS on its mRNA 
with Optical Tweezers (OT), an innovative biophysical tool which measure the mechanical energy associated 
with the interaction between macromolecules. For this purpose, we have synthesized a truncated domain of 
TS mRNA binding site 1, whose structure folding was predicted with UNAFold (37°C, 1M NaCl). The 
computational results suggest the formation of 
a hairpin structure with three possible 
configurations. Then we performed the mRNA 
fragment (110 bases) synthesis, which was 
obtained by PCR from a pBR322 plasmid clone. 
The fragment was functionalised with 
digoxigenin through an extension of the handle 
using DIG-dUTP and annealed to a biotin-
streptavidin recognition system to form the 
final construct (handle A-dig/handle B-biotin/ 
TSmRNA hetero handle). The construct will be fixed into the optical trap, and by repeated stretching and 
refolding, we will gain insights into the energies associated with mRNA actual folding. Consequently, by 
adding a stoichiometric amount of recombinant hTS, we will reveal the actual regions of mRNA interactions 
with the protein. This will provide to understand the translational repressor’s activity of the protein and 
characterized which form of hTS is important to interact with its mRNA between active/inactive or 
monomeric/dimeric conformation. This may help us in the study of new possible mechanism of action of new 
inhibitors by unraveling non exposed pockets and grooves which are physiologically hidden, this tool is 
suitable to develop alternative medicinal chemistry strategies. 
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Figure 1 a. Schematic mechanism of an Optical Tweezer experiment. (b) UNAFold 
prediction of TS mRNA folding. 


