
1. Calcimycin induced autophagy showed antimycobacterial effect in THP-1 cells.

2. Calcimycin treatment led to increased P2RX7 mRNA expression, ATP release and

intracellular calcium level in THP-1 cells.

3. Intracellular calcium chelation or P2RX7 inhibition abrogated the calcimycin

induced autophagy leading to increased intracellular mycobacterial viability.

AIM - To understand the mechanism of autophagy induction by calcimycin and its effect on the viability of intracellular mycobacteria in THP-1 cells.

RESULT - We noticed that treatment with calcimycin led to up-regulation of different autophagy markers like Beclin-1, autophagy-related gene (Atg) 7, Atg 3 and enhanced microtubule-associated protein 1A/1B-light chain 3-I (LC3-I) to LC3-II conversion in macrophages. This calcimycin-mediated killing of intracellular M.

smegmatis and M. bovis BCG was abrogated in the presence of 3-methyladenine (3-MA). We also demonstrate that calcimycin binding with purinergic receptor P2X7 (P2RX7) led to increase in intracellular calcium level that regulates the extracellular release of ATP. ATP was able to regulate calcimycin-induced autophagy

through P2RX7 in an autocrine fashion. Blocking of either P2RX7 expression by 1-[N,O-bis(5-Isoquinolinesulfonyl)-N-methyl-L-tyrosyl]-4-phenylpiperazine (KN-62) or reducing intracellular calcium levels by 1,2-Bis(2-aminophenoxy)ethane-N,N,N′,N′-tetraacetic acid tetra (acetoxy-methyl) ester (BAPTA-AM) abrogated the

antimycobacterial activity of calcimycin. Taken together, these results showed that calcimycin exerts its antimycobacterial effect by regulating intracellular calcium-dependent ATP release that induces autophagy in a P2RX7 dependent manner.

CONCLUSION - Calcimycin exerts its antimycobacterial effect by regulating intracellular calcium-dependent ATP release that induces autophagy in a P2RX7 dependent manner.

SIGNIFICANCE - Understanding the mechanism of autophagy by calcimycin may provide an attractive target for the control of mycobacterial infection, which will help in developing better therapeutic interventions against TB.
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Calcimycin mediates mycobacterial killing by inducing intracellular calcium-regulated autophagy in a P2RX7 dependent manner
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Fig. 1. Cumulative % cell viability of THP-1 cells treated with varying concentration

of calcimycin at different time points and effect of calcimycin (0.4 µM) on autophagy

in differentiated THP-1 cells. A, MTT assay. Differentiated THP-1 cells were treated

with calcimycin and at indicated time points viability was measured through MTT assay.

Data are expressed as percentage cell viability over control cells. B, Trypan blue dye

exclusion assay. Differentiated THP-1 cells were treated with calcimycin and at indicated

time points, cells were mixed in equal proportions with trypan blue dye. Cells were then

counted under tissue culture inverted microscope. Data are expressed as percentage cell

viability over control cells. C, THP-1 cells were treated with calcimycin (calci.) and after

6 and 12 h of treatment, whole-cell lysates were subjected to western blotting. D,

Statistical analysis of western blotting replicates showing normalized fold intensity of

proteins after 6 and 12 h of calci. treatment.

Fig. 4. Effect of calcimycin on autophagy and intracellular M. bovis BCG viability in infected

macrophages. A, C, M. bovis BCG infected THP-1 cells were treated with calci. After 12 h of

treatment, western blotting was done. B, Statistical analysis of western blotting replicates showing

normalized fold intensity of proteins (representative data are shown in A). D, M. bovis BCG

infected THP-1 cells were treated with calci. for 12 h. LC3 puncta formation was then visualized

by staining with anti-LC3 using confocal microscopy. Scale bar 10 µm. E, The detailed quantitative

analysis of LC3 puncta formation obtained from random fields of panels shown in Fig. 4D. F,

Infected THP-1 cells were treated with calci. At indicated time points, cells were lysed and lysates

were log diluted and plated on 7H10 agar plates.
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Fig. 3. Effect of calcimycin on autophagy and intracellular M. smegmatis viability in infected

macrophages. A, M. smegmatis infected THP-1 cells were treated with calci. After 12 h of

treatment, whole-cell lysates were subjected to western blotting. B, Statistical analysis of western

blotting replicates showing normalized fold intensity of proteins. C, Infected THP-1 cells were

treated with calci. After 2 days of treatment, cells were lysed and lysates were log diluted and

plated on 7H10 agar plates.
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Tuberculosis caused by Mycobacterium tuberculosis (M. tb) begins with inhalation of tubercle bacilli, which are phagocytosed by alveolar macrophages. The macrophages most often destroy the pathogen by employing various defence mechanisms including autophagy. Autophagy during infection acts as an innate defence

mechanism. There are reports supporting the role of autophagy in modulating intracellular mycobacterial growth. The recent finding of calcium-dependent autophagy induction in an adenosine triphosphate (ATP)-dependent pathway is associated with the reduction of this intracellular pathogen. Therefore, we intended to study the

effect of novel calcium-inducing compounds like calcimycin, which is an ionophorous, polyether antibiotic from Streptomyces chartreusensis on autophagy of mycobacteria infected macrophages and intracellular viability of mycobacteria.
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Fig. 2. Effect of calcimycin on LC3 conversion and effect of 3-MA on autophagy
in differentiated THP-1 cells. A, THP-1 cells were treated with calci. for 12 h and
then whole-cell lysates were subjected to western blotting. B, Treated THP-1 cells
were stained with anti-LC3 antibody and DAPI. Cells were then visualized under a
confocal microscope. C, THP-1 cells were pretreated with 3-MA for 1 h before calci.
addition. After 12 h of addition, whole-cell lysates were prepared and subjected to
western blotting. D, Statistical analysis of western blotting replicates showing
normalized fold intensity of proteins in different combinations. E, THP-1 macrophages
were differentiated and treated with calci. for 12 h. LC3 puncta formation was then
visualized by staining with anti-LC3 using confocal microscopy. Scale bar 50 µm. F,
The detailed quantitative analysis of LC3 puncta formation in THP-1 macrophages
treated with calci. for 12 h. The data shows LC3 puncta obtained from random fields
of panels shown in Fig. 2E.

Fig. 5. Effect of calcimycin on P2RX7 mRNA expression, ATP release and
intracellular calcium level in THP-1 cells. A, THP-1 cells were infected with either M.
bovis BCG or M. smegmatis and then treated with calci. After 6 h of treatment, RNA was
isolated, reverse transcribed to cDNA which was quantified by qRT-PCR. Values were
normalized to b-actin mRNA content, and control cells were assigned a value of 1.
Relative expression was calculated using the 2 ΔΔCT method. B, Infected or uninfected
THP-1 cells were treated with calci. After 12 h of treatment, supernatants were collected
and stored. Later, ATP levels were measured using BacTiter-Glo reagent. C, Cells were
either treated with calci. or left untreated for 12 h. 4 h before the termination of treatment,
cells were loaded with Fluo-4 dye and intracellular calcium level was measured using
Fluo-4 Direct assay kit. D, Calci. treated cells were loaded with Fluo-4 dye and
intracellular calcium level was measured by visualizing cells positive for fluorescence by
confocal microscopy. Scale bar 10 µm. E, The detailed quantitative analysis of calci.
treated or untreated cells showing fluorescence obtained from random fields of three
independent experiments.

Fig. 6. The binding affinity of calcimycin with P2RX7 and effect of P2RX7 or
intracellular calcium inhibition on intracellular calcium level or ATP release in
calcimycin treated THP-1 cells. A, A grid box of size 20 × 20 × 20 Å3 and grid-center
placed at (x,y,z): 169.816, 145.646, 159.337 was used. The surface of the protein P2RX7
nearer to the binding region of calcimycin (cyan) is shown. B, H-bonds (yellow dotted
lines) are formed between ligand and LYS311 and LYS64 of P2RX7. The nearby
residues are labeled. C, 4 h before the termination of 12 h calci. treatment, cells were
loaded with Fluo-4 dye and intracellular calcium level was measured using Fluo-4 Direct
assay kit. D, Supernatants from different combinations were collected, stored and later,
ATP levels were measured using BacTiter-Glo reagent.

Fig. 7. Effect of intracellular calcium chelation, P2RX7 inhibition on autophagy and
intracellular mycobacterial viability in calcimycin treated THP-1 cells. A, Whole cell lysates
from different combinations were prepared and subjected to western blotting. B, Statistical
analysis of western blotting replicates. C, THP-1 macrophages were pretreated with either
BAPTA-AM or KN-62 for 1 h before calci. addition. After 12 h of addition, LC3 puncta
formation was visualized by confocal microscopy. Scale bar 10 µm. D, The detailed quantitative
analysis of LC3 puncta formation. E, M. smegmatis infected or control cells were either treated
with calci., some left untreated or in some, KN-62 or BAPTA-AM pre-treatment was given for 2
h before adding calcimycin. On 3rd day, cells were lysed and lysates were log diluted and plated
on 7H10 agar plates.

Fig. 8. ATP-dependent P2RX7 regulation of autophagy in calcimycin treated THP-1 cells by
modulating intracellular calcium level. A, Calcimycin binding to P2RX7 leads to increase in
intracellular calcium level and increase in P2RX7 expression. B, Intracellular calcium then
increases the extracellular release of ATP. C, Extracellular ATP then through its receptor
(P2RX7) induces activation of the autophagic cascade by increasing Beclin-1 expression. D,
Beclin-1 expression leads to a generation of isolation membrane around phagosome containing
mycobacteria and this pathway culminates into autophagosome formation. E, Increased LC3-II
form upon calcimycin treatment augments fusion of autophagosome with the lysosome that
ultimately inhibits intracellular mycobacterial survival.


