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concern that people undergoing antibiotic

treatment may not respond equally to NR

supplementation. It would be interesting

to investigate the contribution of the

microbiome to NR-induced NAD biosyn-

thesis in the context of varying NR con-

centrations and different gut microbiota.

This study elegantly demonstrates how

metabolic labeling can be used to chip

away at our understanding of the complex

interactions between the gut microbiome

and host in NAD biosynthesis. It stimu-

lates innumerable questions about how

the gut microbiome impacts host NAD

metabolism and disease. Aging is associ-

ated with a decline in NAD levels and

immune function and changes in the gut

microbiome.3,6 Understanding the causal

relationships between these interlinked

associations will be critical in finding ther-

apies that promote healthspan. Using this

technique to investigate the contribution
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of different bacterial strains or patient mi-

crobiota on NAD metabolism in different

host cells (i.e., immune cells) with different

diets, with varying doses of NAD precur-

sor supplementation, and in distinct dis-

ease contexts could be instrumental in

uncovering the dynamic interactions that

underpin this complex host-microbiome

symbiotic relationship.
REFERENCES

1. Gilbert, J.A., Blaser, M.J., Caporaso, J.G.,
Jansson, J.K., Lynch, S.V., and Knight, R.
(2018). Current understanding of the human mi-
crobiome. Nat. Med. 24, 392–400. https://doi.
org/10.1038/nm.4517.

2. Chellappa, K., McReynolds, M.R., Lu, W.,
Zeng, X., Makarov, M., Hayat, F., Mukherjee,
S., Bhat, Y.R., Lingala, S.R., Shima, R.T.,
et al. (2022). NAD precursors cycle between
host tissues and the gut microbiome. Cell
Metabol. 34, 1947–1959.e5. https://doi.org/
10.1016/j.cmet.2022.11.004.
022 ª 2022 Elsevier Inc.
3. Covarrubias, A.J., Perrone, R., Grozio, A., and
Verdin, E. (2021). NAD+ metabolism and its
roles in cellular processes during ageing. Nat.
Rev. Mol. Cell Biol. 22, 119–141. https://doi.
org/10.1038/s41580-020-00313-x.

4. Trammell, S.A.J., Schmidt, M.S., Weidemann,
B.J., Redpath, P., Jaksch, F., Dellinger, R.W.,
Li, Z., Abel, E.D., Migaud, M.E., and Brenner,
C. (2016). Nicotinamide riboside is uniquely
and orally bioavailable in mice and humans.
Nat. Commun. 7, 12948. https://doi.org/10.
1038/ncomms12948.

5. Shats, I., Williams, J.G., Liu, J., Makarov, M.V.,
Wu, X., Lih, F.B., Deterding, L.J., Lim, C., Xu,
X., Randall, T.A., et al. (2020). Bacteria boost
mammalian host NAD metabolism by engaging
the deamidated biosynthesis pathway. Cell
Metabol. 31, 564–579.e7. https://doi.org/10.
1016/j.cmet.2020.02.001.

6. Wilmanski, T., Diener, C., Rappaport, N.,
Patwardhan, S., Wiedrick, J., Lapidus, J., Earls,
J.C., Zimmer, A., Glusman, G., Robinson, M.,
et al. (2021). Gut microbiome pattern reflects
healthy ageing and predicts survival in humans.
Nat. Metab. 3, 274–286. https://doi.org/10.
1038/s42255-021-00348-0.
Putting the p(hosphor) in pyroptosis
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A recent study in Science foundMycobacterium tuberculosis inhibits pyroptosis of the host cell by secreting
a phosphatase (PtpB). PtpB targets the plasma membrane to dephosphorylate PI4P and PI(4,5)P2, inhibiting
recruitment of the pore-forming gasdermin D N-terminal fragment. Pyroptosis inhibition contributes to viru-
lence, as ptpB-deficient Mtb is attenuated in mice.
Inflammasomes are multi-protein com-

plexes designed to recognize cytosolic

danger/pathogen-associated molecular

patterns (D/PAMPs) and activate the innate

immune system. Two well-studied sensor

components of inflammasome complexes

are AIM2, which binds to double-stranded

DNA, and NLRP3, which senses intracel-

lular DAMPs (Figure 1).1 Activated NLRP3

or AIM2 bind to the adaptor protein ASC

for subsequent recruitment and autolysis

of the zymogen protease, pro-caspase-1

(Figure 1).1 Amajor consequenceof inflam-

masome-activated caspase-1 is the

cleavage of latent, immature forms of un-

conventionally secreted cytokines, such
as pro-IL1b, and gasdermin D (GSDMD)

to generate an N-terminal fragment

(GSDMD-NT) that forms pores in the

plasma membrane (PM) through which

mature IL-1b is secreted. These events

can ultimately lead to the rupture of

thePMviaNINJ1oligomers inan inflamma-

tory death process termed pyroptosis

(Figure 1).1

Mycobacterium tuberculosis (Mtb) is a

strict human pathogen that constitutes a

major burdenonglobalpublichealth.2Prior

reports demonstrate that, depending on

time and context, IL-1b has a protective

role in host defense against Mtb in humans

and the mousemodel of tuberculosis.2 It is
thus counterintuitive that the deletion of

mouse inflammasomecomponents impor-

tant for the activation of the inflammasome

complex, suchas the adaptor protein ASC,

have no significant effect on host resis-

tance after Mtb infection.2 These data

couldbe interpretedasanabsenceof func-

tion of inflammasome complexes for host

protection. Alternatively, one could pro-

pose that, being a highly host-adapted

pathogen, Mtb has evolved ways to inhibit

host cell inflammasome recognition and/or

activation and that, therefore, creating

inflammasome-response-deficient mice

does not make a difference to the host

response anymore. Evidence in support
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Figure 1. Mycobacterial effectors inhibit different steps of the inflammasome signaling pathway
Several Mtb effectors either secreted (PtpB or Rv3364c) or non-secreted (Hip-1 or PknF, as indicated by *) are involved in evasion of inflammasome-mediated
secretion of pro-inflammatory cytokines and pyroptosis. Unknown Mtb effectors are represented by ?. Both PtpA and PtpB are activated by binding of host
ubiquitin to a UIM-like domain. In contrast to PtpA, once activated, PtpB localizes to specific PM lipids PI4P and PI(4,5)P2, thereby dephosphorylating to PI, and
thus inhibits the binding and membrane localization of activated GSDMD-NT fragment. Dashed lines, indirect interaction; solid lines, direct interaction; arrow-
head, activation; blunt end, inhibition). TLR2, toll-like receptor 2; NF-kB, nuclear factor kappa B; PtpA, protein tyrosine phosphatase A; PtpB, protein tyrosine
phosphatase B; PM, plasma membrane; Ub, ubiquitin; UIM, ubiquitin-interacting motif; TRIM27, tripartite motif-containing protein 27; JNK, Jun N-terminal ki-
nase; PknF, protein kinase F; NLRP3, nucleotide-binding domain (NOD)-like receptor protein 3; AIM2, absent in melanoma 2; ASC, apoptosis-associated speck-
like protein containing a CARD; GSDMD, gasdermin D; NT- GSDMD, N-terminal gasdermin D fragment; P14P, phosphatidylinositol 4 phosphate; PI(4,5)P2,
phosphatidylinositol 4,5 bisphosphate; PI, phosphatidylinositol; PS, phosphatidylserine; PE, phosphatidylethanolamine; PC, phosphatidylcholine; SM, sphin-
gomyelin; GSL, glycosphingolipids. Created with https://biorender.com/
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of this hypothesis is that Mtb expresses

several proteins that are involved in inhibit-

ing host cell inflammasome activation

(Figure 1).2 Hip1 of Mtb limits host cell

TLR-2 signaling, which may inhibit typical

signal 1 transcriptional and non-transcrip-

tional ‘‘priming’’ events prior to inflamma-

some triggering.2 Moreover, Rv3364c indi-

rectly inhibits caspase-1 activation,2 and

Mtb PknF inhibits NLRP3 activation

(Figure 1).3 Mtb also inhibits the AIM2 in-

flammasome upstream of inflammasome

complex formation via an unknown

mechanism (Figure 1).4 Adding to the

compendium of bacterial strategies to

hide from and inhibit inflammasome
signaling, a recent study from Chai et al.

in Science now adds several Mtb proteins

(Rv0153c/PtpB, Rv0561c, Rv0824c/

DesA1, Rv0861c/Ercc3, Rv1515c, and

Rv1679/FadE16) as putative effectors that

limit IL-1b secretion and pyroptosis.5 The

authors performed an elegant screen

based on the capacity of a protein out of

201 screened Mtb proteins to suppress

inflammasome activation and, more

precisely, IL-1b secretion in model

HEK293T cells.5 Chai et al. created a

mutant that activates pyroptosis more

strongly by deleting the phosphatase B

(ptpB) in Mtb and demonstrate that this

mutant (DptpB Mtb) is attenuated in mice.
Cell Ho
Importantly, the attenuated phenotype of

the deletion mutant is dependent on the

presence of the host cell inflammasome

substrate GSDMD, which is the target of

PtpB since in gsdmd�/� mice, wild-type

Mtb and DptpB Mtb have the same viru-

lence. These data support a model in

which host cell inflammasome activation

can mediate a protective response, but

Mtb may inhibit inflammasome activities,

namely GSDMD pore formation, to pro-

mote virulence. The mechanisms of the

protective host inflammasome-dependent

immune response in the context of Mtb in-

fections will be of interest in future studies

and may help to establish correlates of
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protection for vaccine development and

novel approaches for targeted host

therapeutics.

Another major finding by Chai et al.

was the demonstration that PI4P and

PI(4,5)P2 levels in the PM are critical for

binding of GSDMD-NT.5 Previous work

shows that GSDMD-NT binds to PI4P

and PI(4,5)P2 but also phosphatidylser-

ine (PS) and cardiolipin (found in mito-

chondria), suggesting that the lack of

PI4P/PI(4,5)P2 could be compensated

by the presence of PS in the PM.6,7

Why this is not the case in the work by

Chai et al. could be due to binding affin-

ities of GSMDM-NT, which seem to be

stronger to PI4P/PI(4,5)P2 compared to

PS.6,7 These differences in binding affin-

ity might be evenmore pronounced in the

context of binding at the PM when

compared to the model bilayer systems

such as liposome-based assays. Clearly,

the work by Chai et al. shows that

GSDMD-NT recruitment can be regu-

lated by phosphatases targeting PI4P/

PI(4,5)P2 and inhibitors blocking synthe-

sis of these PIPs. Chai et al. demonstrate

this regulation by using a bacterial phos-

phatase from Mtb, but this may suggest

that similar regulation may occur via the

expression of host cell phosphatases

targeting PI4P/PI(4,5)P2. Based on the

presence of PI4P/PI(4,5)P2 in other sub-

cellular membranes, whether GSDMD-

NT can target other organelles is of inter-

est. Chai et al. demonstrate an effect

on PM GSDMD-NT in part by showing

that Mtb PtpB does not affect Golgi

apparatus function or PI4P levels found

at this subcellular site. Nevertheless,

there are other compelling organelles

that await further investigation for PI4P/

PI(4,5)P2 -dependent targeting of

GSDMD-NT. For example, while mito-

chondria are already known to be tar-

geted by GSDMD-NT likely due to cardi-

olipin externalization,1 whether other

lipid constituents dictate GSDMD-NT

organelle targeting is understudied.

Moreover, the potential effect of other

host and microbial lipid-handling en-

zymes in dictating pore location

and activity should be investigated.

While Shigella flexeneri has an effector
1652 Cell Host & Microbe 30, December 14, 2
(IpaH7.8) that targets GSDMD pore for-

mation at the level of degradation of the

intact protein,8 Mtb employs a unique

strategy of targeting lipid specificity and

abundance to limit host-derived pores.

Chai et al. show that PtpB’s phospha-

tase activity is increased by ubiquitina-

tion. Elegant work involving a PtpB

point mutant within its unique ubiquitina-

tion motif that was unable to be ubiquiti-

nated demonstrated a lack of activity in

decreasing host cell PM PI4P/PI(4,5)P2

levels, and consequently, themutant pro-

tein failed to inhibit pyroptosis induction.

This is not the first example of anMtb pro-

tein being ubiquitinated by the host cell;

indeed, the sole other secreted phospha-

tase of Mtb (PtpA) is also ubiquitinated.9

This ubiquitination is required for activity

in host cells that inhibit TRIM27-mediated

signaling and pro-inflammatory signaling

(Figure 1).10 Chai et al. show that in

contrast to PtpB, PtpA does not localize

to the PM. It was previously shown that

PtpA also enters the host cell nucleus to

inhibit activation of NF-kB promotors via

mechanisms independent of its phos-

phatase activity.9 Does PtpBalso localize

to the nucleus and exhibit similar activity?

Another intriguing question remaining to

be answered is the nature of the host

cell ubiquitination system that targets

PtpB? Finally, why are the PtpA/B phos-

phatase activities dependent on host

cell ubiquitination? One hypothesis is

that this mechanism guarantees that the

phosphatases are only activewhen local-

ized in the host cell cytosol, which might

be of advantage if, for example, targeting

PI4P/PI(4,5)P2 on the luminal side of the

phagosomal membrane is of a disadvan-

tage to the pathogen.
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