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Introduction Objective
= Schistosomiasis is a neglected tropical disease (NTD) affecting 230 million people, and 779 million are at risk of becoming infected globally. . . . . _ . . _ . _ o _
* This study aims to characterise the role of Sphingosine Kinase in the parasite S. mansoni and assess its suitability as a potential drug

. There are two types of Schistosomiasis infections. Urogenital schistosomiasis caused by Schistosoma haematobium, and intestinal schistosomiasis target.

caused by either Schistosoma mansoni or Schistosoma japonicum. . . o . . _ _
. Schistosoma mansoni is a major species responsible for infecting approximately 54 million people annually. * SPHKis an enzyme that phosphorylates the sphingolipid sphingosine to sphingosine 1 phosphate (S1P).
. Praziquantel (PZQ) is the only World Health Organization’s recommended drug for treating all Schistosoma species worldwide e S1Pis invo!ved in the regulatioq of vgrious pellular processes, such as.cell sqrvival, proliferation, migration, and'differentie.]tion.
. In absence of vaccine and documented evidence indicating possible resistance of PZQ, new chemical matter needs to be brought into the drug Dysregulation of S1P has been implicated in several human diseases, including cancer, inflammation, and autoimmune disorders

: .. . : . (Zheng et al., 2019).
discovery pipeline to sustain schistosomiasis control.

* |n human diseases, Sphingosine kinase inhibitors have been primarily studied as a potential therapeutic agent for cancer and

Bioinformatic Searches inflammatory conditions.

* They have shown promise in preclinical studies and early clinical trials for their ability to suppress tumor growth, induce apoptosis in
cancer cells, and inhibit angiogenesis (Zheng et al., 2019). Thus, the importance of screening these compounds against schistosome

* Analysis of alighed sequence was parasite.
Smp_343150 Conserved performed using Jal view 2.11.3.2. « More argumentation of using these compounds is evidenced by the structural protein (3D) structure - see figure D, E, F, and G showing
Blast search Smp_157100  functional motifs * Human Sphingosine Kinase 1 contains binding of the compounds to the S. mansoni protein.
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© Ia.cy g ycero mgse putative 3 chemically distinct compounds known to inhibit HsSPHK were screened against adult S. mansoni
i 13 L catalytic domain family. Compounds were screened against worm pairs in triplicate on 3 separate occasions
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* First experiment was performed at a final concentration of 50 pM followed by 2 dose response or controls

Matif 1 Matif 2 M atif 3 al.. 2002).
. Ba’sed on conservation of these titrations of 25 uM, 12.5 yM, and 6.25 pM concentrations.
: , : . * Worms were scored by microscopy at 24, 48 and 72h using the WHO-TDR scoring metric described in
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Pl staining, egg count, EC,, measurements
2 a0 e e * At 72h, 15pg/ml of propidium iodide was added to those worms that showed no movement (i.e. scored 0) to distinguish the
Gene expression th I’OLIghOLIt the life cycle = o - compounds that caused worm death and those that only immobilized the worms.
. . . ' . 5 s N N * Worms that stained red upon the addition of propidium iodide were confirmed as dead.
* Highly expressed in cercaria and schistosomula (Lu etal., 2016)(Protasio £ “® =< 13.45 e * Eggs present in each well were counted using a Cytation 7. Egg production was inhibited in wells treated with compounds when
etal., 2017) = 200 488 247 \4p 280 243 540 368 oo compared to the negative control, (DMSO)
* Single-cell RNA sequencing (RNA-seq) from adult schistosomes, where 0.00 = ——

this transcript shows enriched expression in neurons, germinal stem cell NN R T T - S S S DSMO PF543 C556773 . Compound at

Egg count
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progenies (GSCs) and male germ cells (Wendt et al., 2020). Ml fomale & T ¥ ® Bright field 0 72 hrs EC50 195% C
- - | A PF543
Structural Protein AnalyS|s oo em o weetifomales) 17.94 113.02 - 23.40
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* This analysis predicts the binding of PF543 and C567731 to S. mansoni SPHK using the known crystallographic structures for human sphingosine 2‘%?‘:,?@3@%*’;”?”?{3? (males) 18.77 116.82 - 20.82
Y& & o)b. ‘,obl é\’\ é\’\'\,\ﬂ_, '\,\6, . . .
kinase 1 co-complexed with the compounds (PDB 4V24 - PF543 & 3VZD - C567731) (J. Wang et al., 2014) (Z. Wang et al., 2013). IS S C567731
* Validation of our analysis tools — Repeating the docking of the known human protein (SPHK) crystal structure and the compounds to produce the same Plimages Tisatnient (females) 21.14 |18.35 - 24.73

pose of compound
* In Auto Dock Vina, the ligands were energy minimized before docking was carried out. The protein’s active site was placed with grid box dimensions set

at X=12.65 A, Y=13.4757 A, and Z=-11.1428 A for the centre while box size dimensions were set at X=27.0291 A, Y=23.3081 A, and Z=23.4367 A.

Figure A & B shows the crystal structure of 4V24 & Smp_157100 homology respectively and the binding of compound PF543 Immun l C liZ ti n f 1 P in Ult worm
Figure C & D shows the crystal structure of 3VZD & Smp_157100 homology respectively and the binding of compound C567731 oloca ation o S ad 0 S

Sample Preparation

* Asetof 3 male’s adult worms were o e « Blocking with 10% goat serum for 2 hrs
Smp_157100 NFIINLPKENLLRYRATVICSGEGLVYEVINGLISRKDYDDVIEEDT IFIGILEGGSANS 240 Incubated with compounds up to 72 Fixation with 4% = Wash 10 min 2x e Wash 15 min 3x
4v2a ELVR---5EELGRWDALVVMSGRSLMEEVVNGLMEREDHETAT QK- --PLCSLEAGSGNA 123 hrs paraformaldehyde * permeabilization « Additional blocking with 0.1 mg/m
3VZD 1 ::.‘JR———SEELFRﬂ'“IA_.W'MwG SLMHEVVHGLMERPDWETAIQK---FLCSLEAGSGNA 112 e Compound: C567731 at 25 yM for 1 hr with 0.5% Saponin Goat F(ab) Anti-Mouse IgG H&L for 2

rk ke Eik  kEkkdaadkdeddkds ok ke ke: ke kd RF ko e Scored by WHO-TDR score at 24, 48, for 1 hour : hrs
and 72 hrs ¢ BasiEisauioR » Repeat washing 15min 3X

e Relaxation of the worms using trikane PBS
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3{ / Primary Antibody Incubation
o DMSO / 3 L g » Parasites in column 1 were incubated with
C567731 1 = primary antibodies, S1P antibody (1:50 in 1%
Smp 157100 LEETHOHI SNHQDKWVT LDKKEVT I LVLNASHIT5 BVl Y PDAAMSDEY LI LHENTT 473 Mounting BSA in PBS) for 3 days at 4°C with gentle
4V2d - - DEDFVLVLALLHSHLGSEMFALPMGRCARGVMALEYVRAGYS 303 2mi I e R mixing |
VID 1 - - DEDFVLVLALLHSHLGSEMFALPMGRCARGVMALEYVRAGYS 292 Qe B S R L « Wash 3x 30 min
- s tr 5s o3 % saee 2 .. LT . 3 adult varnish, covered by coverslips and
. R o oo Y mal Fluoromount G™ - Mounting

Smp_ 157100 RFDLLALERAESSG0BLOST-SHMDIVKVCALR IERYSODSVT TMENBELVESGTFOAEY 537 Mediurm with DAPI
4?:24 }E;HLLE.F&J&EH:RE[IEYECE‘YL:ﬁEvJELFRLEPBIE—E{G‘i—F;_ﬁﬂﬂ;ﬂﬂ.:{c&g:iEEE Visualizati Secondary Antibody Incubation
Vel :J"HT;I;‘“FL:-"-‘EH*RE[EYECPE ' ‘:*?*FELEEFI=5G‘;‘FP- *HE““ EET‘-‘E&; 33l o o « Incubation with Alexa Fluor 488 secondary

antibody (1:500 in PBS) and rhodamine phalloidin
(1:500 in PBS) in both column 1 and 3 for 2 days at
4°C with gentle agitation

e wash 3x 30 min

I:l Residues in 4VDZ and 3VZD active site (lipid binding pocket) conserved with the Smp_157100 and was used in docking.

[ Residues involved in binding of PF543 in 4VDZ. Results Images at 2.5x <:|
Magnification

[ Residues involved in binding of 567731 in 3VZD.
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> y‘“‘/ Validation of our analysis tool
.. : - ; W > a) Compound position Alignment of our docking results; PF543: RMS - 0.382
Sera10() g g .‘o,. b) Compound position Alignment of our docking results; C567731: RMS - 1.088
* Ligplot was used to observe the interactions of the residues and the compound of our docking results, Hydrogen bond interactions are coloured in green Ongoing activities
which are Asp 320 and Ser 310 in compound C567731 (Figure E), These compounds are both conserved with the human protein. * S1Pis not detected in the worms treated with SPHK inhibitors, however, further experiments are to be performed to clearly see the
localization of S1P on worms
* In compound PF543 (Figure F), Ile 308, Gln 309 and Arg 327 shows the hydrogen bond interaction which are also conserved with human protein, and * Currently performing long-term culture on schistosomula treated with compounds to observe if SPHK inhibition affects worm
the residues coloured black are the Hydrophobic bonds. development
Future directions
(Dankwa et al., 2022)(Z. Wang et al., 2013)(J. Wang et al., 2014)(Whatley et al., 2019) * Further titration of the compounds until full recovery of the worms is observed

* Knock-down of Smp_157100 using RNA interference

References

1. Dankwa, B., Broni, E., Enninful, K. S., Kwofie, S. K., & Wilson, M. D. (2022). Consensus docking and MM-PBSA computations identify putative furin protease inhibitors for developing potential therapeutics against COVID-19. Structural Chemistry, 33(6), 2221-2241. https://doi.org/10.1007/s11224-022-02056-1

2. Lu, Z., Sessler, F., Holroyd, N., Hahnel, S., Quack, T., Berriman, M., & Grevelding, C. G. (2016). Schistosome sex matters: A deep view into gonad-specific and pairing-dependent transcriptomes reveals a complex gender interplay. Scientific Reports, 6. https://doi.org/10.1038/srep31150

3. Pitson, S. M., Moretti, P. A. B., Zebol, J. R., Zareie, R., Derian, C. K., Darrow, A. L., Qi, J., D’Andrea, R. J., Bagley, C. J., Vadas, M. A., & Wattenberg, B. W. (2002). The nucleotide-binding site of human sphingosine kinase 1. Journal of Biological Chemistry, 277(51), 49545-49553. https://doi.org/10.1074/jbc.M206687200

4. Protasio, A. V., van Dongen, S., Collins, J., Quintais, L., Ribeiro, D. M., Sessler, F., Hunt, M., Rinaldi, G., Collins, J. J., Enright, A. J., & Berriman, M. (2017). MiR-277/4989 regulate transcriptional landscape during juvenile to adult transition in the parasitic helminth Schistosoma mansoni. PLoS Neglected Tropical Diseases, 11(5).
https://doi.org/10.1371/journal.pntd.0005559

5. Wang, J., Knapp, S., Pyne, N. J., Pyne, S., & Elkins, J. M. (2014). Crystal structure of Sphingosine Kinase 1 with PF-543. ACS Medicinal Chemistry Letters, 5(12), 1329-1333. https://doi.org/10.1021/m15004074

6. Wang, Z., Min, X., Xiao, S. H., Johnstone, S., Romanow, W., Meininger, D., Xu, H., Liu, J., Dai, J., An, S., Thibault, S., & Walker, N. (2013). Molecular basis of sphingosine kinase 1 substrate recognition and catalysis. Structure, 21(5), 798-809. https://doi.org/10.1016/j.str.2013.02.025

7. Whatley, K. C. L., Padalino, G., Whiteland, H., Geyer, K. K., Hulme, B. J., Chalmers, |I. W., Forde-Thomas, J., Ferla, S., Brancale, A., & Hoffmann, K. F. (2019). The repositioning of epigenetic probes/inhibitors identifies new anti-schistosomal lead compounds and chemotherapeutic targets. PLoS Neglected Tropical Diseases, 13(11).
https://doi.org/10.1371/journal.pntd.0007693

8. Wendt, G., Zhao, L., Chen, R., Liu, C., O’donoghue, A. J., Caffrey, C. R., Reese, M. L., &1ii, J. J. C. (2020). A single-cell RNAseq atlas of Schistosoma mansoni identifies a key regulator of blood feeding HHS Public Access. Science, 369(6511), 1644-1649. https://doi.org/10.5061/dryad.0k6djh9xk

9. Zheng, X., Li, W., Ren, L., Liu, J., Pang, X., Chen, X., Kang, D., Wang, J., & Du, G. (2019). The sphingosine kinase-1/sphingosine-1-phosphate axis in cancer: Potential target for anticancer therapy. In Pharmacology and Therapeutics (Vol. 195, pp. 85-99). Elsevier Inc. https://doi.org/10.1016/j.pharmthera.2018.10.011

Special thanks to my supervisor Prof Karl Hoffmann and his laboratory team PRIFYSQOL @
P y sup y EWSTWYTH Adran Y Gwyddorau Bywyd The Queens A )\ ONWEALTH
. . . Department of Life Sciences Anniversary QY SCHOLARSHIPS
Much thanks to the British Society of Parasitology for the travel award grant — ——— UNIVERSITY Prizes



https://doi.org/10.1371/journal.pntd.0007693

	Slide 1

