Exploration studies for Leishmania donovani CpG DNA pattern interacting with
Toll Like Receptor 9: An In silico approach

Chhedi Lal Gupta and Preeti Bajpal™®
IDepartment of Biosciences, Integral University, Lucknow-226026, India
*Corresponding Author E-mail: pbajpai@iul.ac.in, preeti2874@gmail.com e

INSPIRING EXISTENCE

Abstract

The potential involvement of Toll-like receptors in combating parasitic infections of Leishmania, an intracellular protozoan parasite causes a broad range of clinical manifestations from cutaneous lesions to fatal visceral
disease has gained significant attention during the last decades. Although it is well established that Toll-like receptors 9 (TLR9) recognizes microbial CpG DNA, but the specificity of the CpG DNA pattern of Leishmania
parasite interacting with endosomal TLR9 is still unexplored. Thus to identify the specific CoG DNA pattern act as TLR9 ligand in Leishmania donovani (L. donovani), the homology search was performed using known
CpG ODN 2216 (synthetic) as initial template until a consistent CpG pattern in L. donovani was achieved. Further, we propose a reliable 3D complex model of TLR9 ectodomains (ECDs) with CpG DNA patterns
utilizing homology modeling and docking approaches. The molecular docking studies revealed that identified L. donovani CpG pattern encompasses robust docked energy than other patterns considered for this study. The
complex interaction patterns demonstrated that the interface between TLR9 and CpG DNA molecules were geometrically complementary. The computed molecular interactions indicated that the identified L. donovani
CpG DNA pattern shows comparable binding with known CpG ODN 2216 by LRR11 region of TLR9 acting as the critical region for ligand recognition. This complex model may lead to a better understanding of the
function of TLR9 and its interaction with CpG DNA and will improve our understanding of TLR9-ligand interaction in immune regulation.

Introduction Results

TLR9 recognizing microbial CpG-DNA/CpG-containing oligodeoxynucleotides (CpG ODN) s Identification of L. donovani CpG DNA pattern using homology searching method
localized within the endosomal compartment of APCs . Internalizing CpG-DNA within the endosome

initiates signaling via sequential recruitment of MyD88 and TRAF®6, thereby activating downstream Similarity matrix of CpG DNA patterns.
nuclear transcription factors NF-kB and AP-1 which instigates the induction of inflammatory
cytokines viz. TNF-a, IL-6, IL-1B, and IL-12. Synthetic CpG-ODN mimics the stimulatory effect of

Multiple sequence alignment of CpG ODN 2216 and DNA patterns of P.
vivaX, L. mexicana and L. donovani using Clustal W tool. The asterisk
represents conserved sequences.

microbial DNA inducing both lymphoid and myeloid lineage proliferation. L. mexicana ——GGGACGACCGTCGGG——- 15
Parasitic protozoans of Leishmania genus afflict ~14 million people in 88 countries and have been a L. donovani ——GGGACGACCGTCGG———— 14
matter of serious concern. This intracellular parasite Is capable of creating a broad range of clinical .

manifestations from cutaneous lesions to fatal visceral disease. The immune status of the host largely E 1”;‘“ GGGGGACGACCGTCGGGGEE 20
manipulates the outcome of disease . Current therapeutic strategies enforce limited cure due to soaring ODN 2216  GGGGGACGATCGTCGGGGGG 20
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prices and restricted use. The upcoming drug resistance has added to the issues. The innate immune
response has been the preferential target to the researchers towards vaccine/drug development against

this neglected disease. TLRs are considered to be the first one to hamper the pathway of Leishmania Structural analysis of developed models of human and mouseTLR9 ectodomains

parasite triggering Th1 immune response. The parasitic components LPG, GPIL, and gp63 are thought The energy profile of hTLR9 ECD and mTLR9 ECD 3D model validation of TLR9 ECDs through various tools.

to be the first substrates to encounter the Iinnate immune system via TLR2/4. The activation of obtained from ProSA web server

myeloid and plasmacytoid DCs in a strictly TLR9-dependent manner against the Leishmania spp. has hTLRY MTLRY

also been observed in few upcoming reports. Another study demonstrated the increased expression of | | ’ 1] -

TLR9 after exposure of macrophages to Leishmanial DNA thereby establishing the role of TLR9 as a - f

role model for host innate Immune response against the parasite. However, the specificity of the §; §

parasitic DNA pattern subject to TLR9 is still unexplored. The present study was therefore focused on g T

the prediction of a common structural pattern (CpG DNA) for TLR9 recognition in Leishmania spp. B——— -

by applying CpGODN-2216 as initial template using homology searching method. Further molecular

modeling and docking studies were employed to model the TLR9 ECD-CpG DNA complexes to Identification of ligand recognition sites of TLR9

elucidate the critical residues of TLR9 ECD implicated for molecular interaction. Molecular interactions between hTLRS and CpG DNA. The hTLR9 s shown in cyan color and CpG DNA  Molecular interactions between mTLR9 and CpG DNA. The mTLRS is shown in cyan color and CpG
in magenta color. The interacting residues are shown in CPK (green color for hTLR9 and red for CpoG ~ DNA in magenta color. The interacting residues are shown in CPK (green color for mTLR9 and red
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Representation of LRR regions present in TLR9 ECD having molecular interactions with ligands
(CpG DNA) (A) hTLR9 LRR region (B) mTLR9 LRR region. The black dashed lines showed
hydrogen bond interactions between TLR9 LRR region and CpG ODN 2216; blue dashed lines for P.

Docking energies af CpG DNA patterns with TLR9. obtained by molecular docking studies.

*- - =
R - g vivax CpG DNA; cyan dashed lines for L.mexicana CpG DNA and magenta dashed lines for L.
P o - . donovani CpG DNA. The LRR11 region of TLR9 (highlighted in red color) was found to be critically
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