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THESIS SUBJECT:
Structural and inhibitory studies of new lead compounds against trypanosomatidal diseases targets 

PREMISE:
Trypanosomatids are the causative agents of neglected diseases like leishmaniasis, Chagas disease and HAT. Currently no effective vaccines are available for prevention, while treatment with both first line (Antimonials, Amphotericin B) and second line drugs (Paromomycin), toxic and expensive, are becoming ineffective because of drug-resistant protozoan strains. For all these reasons it is important to identify new active compounds against these agents.
Trypanothione metabolism represents an ideal target as it is essential for parasites survival, it is absent in mammals and druggable. This pathway is based indeed on Trypanothione (N1,N8-bis-glutathionyl-spermidine or TS2) a small dithiol synthesized by means of a double step reaction catalyzed by the ATP-dependent C-N ligase Trypanothione synthetase (TryS), which conjugates two molecules of glutathione to N1 and N8 amino groups of a molecule of spermidine (Ortalli et al., 2018); the latter comes from the polyamines biosynthesis pathway, generated by Spermidine synthase (SpdS). TS2 in its reduced form T(SH)2 acts as a scavenger for reactive oxidative species, preventing the parasites from oxidative damage. Trypanothione reductase (TR), a NADPH-dependent flavoenzyme, keeps TS2 in the reduced form T(SH)2 ensuring an intracellular reducing environment (Ortalli et al., 2018), playing therefore the same crucial role of the homologous human system Glutathione/Glutathione reductase.
The inhibition of TR is known to disrupt the parasite redox balance, inducing death of the parasite itself. TR can be regarded as a validated drug target, together with other enzymes from the same pathway (TryS) or above the Trypanothione metabolism (SpdS).
METHODOLOGY AND RESULTS:
After obtaining a pure and active recombinant TR, from Leishmania infantum, different inhibitors belonging to two distinct libraries were tested.

The first library contained 31 chalcone-based compounds (flavonoids derivatives) whose compound 6 and compound 16 displayed the best antiproliferative activity against amastigotes and promastigotes of L. donovani (IC50cpd 6 = 3 µM; IC50cpd16 = 12,5 µM). 
Both were tested against LiTR by FastStep SPR experiments, which demonstrated the binding affinity of these compounds against the enzyme (KDcpd6 = 0.6 ± 0.2 µM; KDcpd16 = 2.4 ± 0.5 µM). Furthermore, kinetic studies were performed on cpd 6, endowed with the best activity against promastigotes and the highest affinity towards TR. Steady state kinetic experiments were carried out at various concentrations of TS2 and cpd 6, while fixed TR and NADPH concentrations were maintained. The absorbance decrease at 340 nm, indicative of NADPH oxidation, was followed and the KI was calculated from the Dixon Plot: KIcpd6 = 0.45 ± 0.11 µM (Ortalli et al., 2018). Moreover, docking studies of cpd 6 were performed, using TR in both the oxidized and reduced states. In both the procedures the most populated clusters occupy the same portion of the trypanothione cavity volume. Cpd 6 binds to TR at the same hydrophobic pocket, close to the two catalytic cysteines lined by the following residues: Ile339, Ile4580, His4610, E4660, E4670, S4700, F3960, L399’, establishing electrostatic interactions with K61, E4670 and S470’ (Ortalli et al., 2018).
The second library (“LeishBox”), a series of 192 compounds, was obtained by GlaxoSmithKline as a result of a whole-cell high throughput screening of 1.8 million compounds on L. donovani, T. brucei and T. cruzi. 

All 192 compounds were first tested for their ability to inhibit TR enzymatic activity. A first screen was carried out at a concentration of 25 μM of inhibitor to measure the ability of the compounds to reduce TR activity. Sixteen were able to decrease the velocity of the reduction of T(SH)2 by at least 50%, while 7 compounds (3.6% of tested compounds, A1/7, B10/7, C5/7, C10/7, F1/7, G1/9, and G2/9) inhibit TR by at least 80% (Ilari et al, 2018). These 7 compounds were then tested at lower concentrations (between 10 and 0.02 μM) to determine their potency (IC50). Three of these (A1/7, C5/7, C10/7) showed the highest potency with IC50 in the nanomolar range (C10/7 IC50 = 190 nM, C5/7 IC50 = 220 nM, A1/7 IC50 = 550 nM) while A1/7 and C10/7 proved also to be selective, as they didn’t inhibit human Glutathione reductase. Docking experiments were performed with A1/7, C5/7, C10/7, and F1/7 using AutoDock4. The compounds were able to bind to the same region of TR active site, comprising catalytic C52, C57, H461′, and E466′, with similar orientations and good calculated affinities (Ilari et al., 2018).
X-ray structural determination of TR from Typanosoma brucei in complex with an inhibitor, IRBM3, is on going. The crystals were obtained by seeding, in the following conditions: Hepes 0,1 M pH 6,8; Ammonium Sulphate 2,1 M; crystals were then soaked with IRBM3.

From June to July 2018, test expression and purification of Sigma1 receptor, a membrane protein of the endoplasmic reticulum, were carried out at the Structural Biolab, headed by Dr.ssa Paola Storici, at Elettra Sincrotrone Trieste. The protein was expressed through the Baculovirus/Sf9 insect cells system and purified on anti-FLAG resin following the protocol proposed by Schmidt et al., 2016. In addition, one more His-tagged construct was expressed and purified with the same procedure, and actually used for SPR experiments.

PUBLICATIONS
1. Ortalli, M., Ilari, A., Colotti, G., De Ionna, I. D., Battista, T., Bisi, A., . . . Belluti, F. (2018). Identification of chalcone-based antileishmanial agents targeting trypanothione reductase. European Journal of Medicinal Chemistry, 152, 527-541. doi:10.1016/j.ejmech.2018.04.057
2. Ilari, A., Genovese, I., Fiorillo, F., Battista, T., De Ionna, I. D., Fiorillo, A., & Colotti, G. (2018). Toward a Drug Against All Kinetoplastids: From LeishBox to Specific and Potent Trypanothione Reductase Inhibitors. Molecular Pharmaceutics, 15(8), 3069-3078. doi:10.1021/acs.molpharmaceut.8b00185
PARTICIPATION TO COURSES / MEETINGS
1. ARBRE biophysics - School “MOLECULE IN(ter)ACTION: from in vitro to zebrafish”, 6 - 9 February 2018, Palermo, Italy;
2. ICGEB Workshop "Molecular biology of Leishmania", 22 - 24 October 2018, Trieste, Italy. 
[image: image1.wmf]




_1599479569.unknown

