Glutamine is required for M1-like polarization in response to Mycobacterium tuberculosis infection
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Fig. 5. Coordination of glucose and glutamine catabolism during M1-like polarization.
M1-like polarization is marked with increased catabolism of glucose and glutamine (GIn) in

lutamine during the M1-like polarization Diagram of '3C distribution from the catabolism distinctive subcellular compartments, but with coordinated functions. Increased glucose

ig. 3. Isotope labeling distribution of U'3C glucose and glutamine, and U"
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t i f U'SC glucose and U'3C glutamine in glycolysis and/or the TCA cycle (A). Increased '3C uptake, mediated by GLUT1, and its catabolism in the glycolysis pathway in cytosol result in

distribution from U'3C glucose catabolism in glycolysis with the generation of M+3 lactate (B), the production of lactate (Lac). Increased GIn uptake, probably mediated by neutral amino

Fig. 1. Single-cell mRNA analysis of immunometabolic markers in Mtb- and from the catabolism of U'3C glutamine in the oxidative and reductive TCA cycle resulting acid antiporters, and its direct metabolite glutamate (Glu) participate in multiple pathways of
infected BMDMs. BMDMs seeded on coverslips were probed in 3-plex in the generation of TCA cycle intermediates/derivatives (C - ). M1-like polarization was the metabolic remodeling program of M1-like macrophages. Glu, the product of the
hybridization reactions using sm-RNA-FISH probes labeled with transcript- marked by diverting of the 13C glucose carbon distribution from the TCA cycle M+2, M+1, and glutaminolysis pathway by glutaminase (GLS) in mitochondria, enters the TCA cycle for
specific probe sets (about 50 oligonucleotides for each mRNA) that were M+3 intermediates to the formation of M+3 lactate (A). In contrast, catabolism of U'C anaplerosis reactions. Glu replenishes the TCA cycle leading to the generation of the
coupled to tetramethylrhodamine (TMR), Texas Red, or Cy5 fluorophores. glutamine led to increased '3C distribution in the form of M+4 TCA cycle Admieesiel mEEsele iEselEe (b ewel e elgiellng melsauls suseiiEe, will

promotes stabilization of HIF1a and the subsequent Warburg Effect. GIn also contributes

Images were acquired in Z-stacks of different fields of cells in different channels. intermediates/derivatives, including succinate (D), fumarate (E), malate (F), itaconate (H) and bt @aben 2 HiesEn [ e e of (e nonessenial s e separae (A
Fluorescence spots corresponding to single mMRNA molecules in individual cells aspartate (1), as well as M+4 and M+5 citrate (G), indicating the simultaneous operation of L . gen . . . . b P)

. . . . S . S . which is then involved in biosynthetic pathways in the cytosol, including nucleotide synthesis
were counted in the merged Z-stacks using a custom image-processing both the oxidative and reductive TCA cycle. Increased °N distribution from U'N glutamine to and intracellular arginine regeneration by coupling with nitric oxide synthase 2 (NOS2)-
algorithm implemented in MATLAB. Representative images of GFP-labeled Mtb M+1 aspartate (l) also indicates glutamine being a nitrogen source for the formation of derived citrulline (Cit) via argininosuccinate synthase 1 (ASS1) to sustain NO generation by
(yellow) and mRNA molecule spots for //1b (Green), Nos2 (Red), and Arg1 nonessential amino acid aspartate. Solid red and blue circles represent 3C from U'3C

NOS2. The export of mitochondrial Asp to the cytosol is mediated by the functional coupling
between two mitochondrial carriers, wherein the glutamate carrier (GC1) exports the
marked as 13CG_M1, 13CG_M2, 13CG_M3, and 13CG_). > was calculated with mitochondrial Glu deriving from GLS activity to cytosol. Cytosolic Glu then serves as a
M1*1+M2*2...+Mn*n. Enrichment calculated from U'C glutamine was marked as substrate of aspartate/glutamate carrier 1 (AGC1) for the net export of mitochondrial
13CGIn_M3, 13CGIn_M4, 13CGIn_M5, and 13CGIn_}. Enrichment calculated from "N aspartate to the cytosol. Cytosolic Glu also participates in intracellular redox homeostasis
-glutamine was marked as 15NGIn_M1. involving the synthesis of glutathione (GSH).
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@ue) at 8 hrs p.i in Z-stacks of the same field of cells in different channels ay glucose and U'™SC glutamine, respectively. Enrichment calculated from U'C glucose was
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