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response following infection (Nagy & Haschemi, 2015). Here, we applied
untargeted mass spectrometric analysis to study the metabolic changes induced by
infection with LmCen”- and compared them with virulent L. major parasite
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Our results show that distinct metabolic reprogramming occurs in the host
cells infected with virulent or live attenuated Leishmania parasites.
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C57/Bl6 mice were infected with wild type L. major (LmWT)and LmCen~-. The
infected ear tissues were collected 7 days post infection and analyzed by untargeted

in MetaboAnalyst5.0, the mummichog and gene set enrichment analysis (GSEA) p-
values were combined. The Integrated MS Peaks to Paths plot summarizes the
results of the Fisher's method for combining mummichog (y) and GSEA (x) p-values
from the positive (A) negative (B) mode data sets, indicating the metabolic pathways
enriched. The size and color of the circles correspond to their transformed combined
p-values. Large and red circles are considered the most perturbed pathways. The
colored areas show the significant pathways based on either mummichog (green) or
GSEA (pink), and the gray area highlights significant pathways identified by both
algorithms. Arginine metabolism pathway associated with a protective immune
response was found to be enriched in LmCen”- immunization (highlighted by the

with Metscape. The differential regulation of the tryptophan metabolites,
specifically kynurenine, indole-3-acetaldehyde, and melatonin are illustrated in
this graph for the immunized (A) and infected (B) conditions compared to naive
control. Larger hexagons represent up-regulation, while smaller hexagons
represent down-regulation. Red hexagons represent compounds detected in the
data set, while hexagons with a green outline represent statistically significant
metabolites (p-value < 0.05). The purple hexagons represent compounds that are
associated with the pathway but are not detected in the input dataset. The pink
circles represent the genes regulating the biosynthetic activities. The networks
associated with the kynurenine, indole, and serotonin pathways are highlighted

LC/MS mass spectrometry, and the data were analyzed with the Metaboanalyst 5.0
(Xi1a et al. 2009, Pang et al. 2022) for pathway analysis and Metscape 3.1.1

2012) for integrative network analysis. To verify the results from MS
bone marrow-derived dendritic cells, were infected with LmWT and

LmCen~. To test the role of the kynurenine pathway in Leishmania immunity, BMDCs

were cultured with 1-Methyl tryptophan, an IDO-1 1nhibitor, or L-kynurenine and the

of IDO-1, AhR, and IFN-y were measured via qRT-PCR. To test the

role of the indole pathway 1n Leishmania immunity, BMDCs were cultured with FICZ,
the product of Indole-3-acetaldehyde that acts as an agonist of AhR, and the

of AhR and IL-10 were measured via qRT-PCR. Lastly, to test the

role of the serotonin pathway in Leishmania immunity, 4-CDP, an inhibitor of the rate-
limiting enzyme 1n melatonin synthesis (TPH), was applied to the BMDCs, and the

of IL-12 and TNF- a were measured by qRT-PCR.

black boxes).

with yellow, purple, and blue hues respectively.

y e Figure 5. Validation of the role of kynurenine and FICZ in vaccine induced immunity. To

confirm kynurenine-dependent alteration of IDO-1, AhR, and IFN-y expression in LmWT and
8, LmCen" infections, BMDCs were infected overnight with LmWT or LmCen” (A). After 24

’ ———— hours, 1-methyl tryptophan or kynurenine were added, and the expression levels of IDO-1

(B), AhR (C), and IFN-y (D) were measured by RT-PCR. Treated naive BMDCs were used
forcalculating fold enrichment of the analytes. Upon the addition of 1-MT, in both LmCen"

LmCen”~ and LmWT infections showed a decrease in IDO1 (E), AhR (F) and IFN-y (G)

7 b l—b
§2°‘ = and the LmWT infections, the expression of AhR (C) and IFN-y (D) were increased. Both
o

expression upon the addition of kynurenine, showing that the expression of AhR and IFN-y

2 —— were kynurenine-dependent. To confirm the role of FICZ in the induction of IL-10, BMDCs

were infected overnight with LmWT or LmCen”- (H). After 24 hours, FICZ was added, and the
expression levels of IL-10 (I) and AhR (J) were measured by RT-PCR. Upon the addition of
FICZ, in both LmCen™" and the LmWT infections, the expression of IL-10 was increased (I).
Both LmCen”- and LmWT infections showed an increase in AhR expression (J) upon the
addition of FICZ, showing that the expression of IL-10 was FICZ-dependent. Data are
represented as mean +/- SEM. Data represents one of three experiments with N=3-5 per
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group. *P<0.05, ***P <0.001, unpaired t-test

infections.
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“ LmCen” infection uses tryptophan for the synthesis of TNF-o promoting

melatonin.

“ LmCen”- infection downregulates kynurenine, a product of tryptophan

metabolism.

* LmWT infection produces kynurenine that promotes anti-inflammatory

activities.
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