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Editor’s note
A commentary on “Alpha-kinase 1 is a cytosolic innate immune receptor for bacterial ADP-heptose”.

Living in an environment rich in microbes, the host senses
and responds to them through coordinated immune
responses, which mount robust defense against invading
pathogens but are not overly aggressive towards com-
mensal microbes. Multiple receptors have evolved to rec-
ognize the conserved signatures present in microbes.
These receptors form the group known as pattern recogni-
tion receptors (PRRs),1 which includes the nucleotide bind-
ing and oligomerization domain leucine-rich repeat (LRR)
containing (NLR) family, the C-type lectin receptors (CLRs),
scavenger receptors, RIG-I-like receptors, and the toll-like
receptors (TLRs) family of transmembrane receptors.
Through these PRRs, the innate immune system senses
both pathogenic and non-pathogenic foreign molecules by
recognition of pathogenic-associated molecular patterns
(PAMPs), such as lipopolysaccharide (LPS), peptidoglycan,
flagellin, and nucleic acids. PRR activation initiates signal-
ing cascades that lead eventually to activation of transcrip-
tion factor nuclear factor (NF)-κB, and transcription of
innate immune response genes, including proinflamma-
tory cytokines, which are necessary to eliminate invading
pathogens.2

TLRs are highly conserved PRRs. LPS, a well-known
PAMP produced by Gram-negative bacteria, is recog-
nized by TLR4.3 The TLR4-LPS pathway is involved in
many important regulatory mechanisms under both the
steady state and during infection. Proper synthesis of
LPS is crucial in maintaining the structural integrity of
the bacterial outer membrane and for protection against
environmental challenges. Interestingly, recent studies
have demonstrated that innate cells can also detect and
respond to the bacterial sugar d-glycero-β-d-manno-
heptose heptose-1,7-bisphosphate (HBP), a highly con-
served metabolic intermediate of LPS biosynthesis in
Gram-negative bacteria, including invasive Salmonella,
Escherichia coli, Helicobacter pylori, Shigella flexneri, and
Neisseria meningitidis.4–6 Detection of HBP in the host
cytosol activates NF-κB, leading to innate and adaptive
immune responses. This signaling cascade depends on
α-kinase 1 (ALPK1)-TIFA-TRAF6. However, it is unclear
whether HBP is a novel PAMP that stimulates ALPK1 and
TIFA-dependent immunity to Gram-negative pathogens. It
is also unknown whether HBP directly binds ALPK1 or
TIFA, which could serve as its receptor(s). An elegant study
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published in Nature by Zhou et al.7 that used comprehen-
sive approaches including transposon screening, biochem-
ical analyses, CRISPR–Cas9 screening, high-performance
liquid chromatography, and crystal structure, demon-
strated that ADP-β-d-manno-heptose (ADP-Hep), but not
other heptose metabolites, directly binds the N-terminal
domain of ALPK1, and stimulates its kinase domain to
phosphorylate TIFA and activate NF-κB. Thus, this study
identified ADP-Hep as a PAMP and ALPK1 as its PRR.

Many Gram-negative bacteria, such as Yersinia,
induce cytokine expression in a type III secretion sys-
tem (T3SS)-dependent manner, which is mediated by
activation of NF-κB.8,9 By screening 21 000 Y. pseudotu-
berculosis transposon mutants in Y. pseudotuberculosis Δ6,
which lack most T3SS effector genes, Zhou et al. identi-
fied 37 mutants that were defective in activation of NF-
κB. They eventually selected hlde, which incorporated
with GmhA and GmhB synthesizes ADP-d-glycero-β-d-
manno-heptose (ADP-DD-Hep) from d-sedoheptulose
7-phosphate (S7P) through d-glycero-β-d-manno-hep-
tose 7-phosphate (H7P), HBP, and d-glycero-β-d-manno-
heptose 1-phosphate (H1P). Interestingly, although HBP,
ADP-DD-Hep, and ADP-LD-Hep, but not S7P, stimulated
NF-κB activation when electroporated into the cells,
only ADP-DD-Hep and ADP-LD-Hep stimulated NF-κB
activation and cytokine production when added directly
to the cells, indicating that ADP-Hep is a potent and ver-
satile PAMP.

To investigate the possible receptor(s) for ADP-Hep,
Zhou et al. used a genome-wide CRISPR–Cas9 screen,
and identified ALPK1, TIFA, and TRAF6 mediating ADP-
LD-Hep induction of NF-κB activation. Deletion of ALPK1
or TIFA abolished ADP-LD-Hep-induced NF-κB activa-
tion and cytokine expression. They further showed that
ALPK1 kinase activity is required for ADP-LD-Hep-
induced phosphorylation of TIFA, and that ADP-LD-Hep
stimulated coimmunoprecipitation of TIFA with ALPK1
and TRAF6. Sensing of ADP-Hep by ALPK1 is not just
limited to bacteria with T3SS. Burkholderia cenocepacia,
enterotoxigenic E. coli, and diffuse-adhering E. coli, also
stimulated NF-κB activation through the ALPK1-TIFA
axis in an hldE-dependent manner. Zhou et al., thereby,
demonstrated that ADP-Hep activation of NF-κB is
mediated specifically by the ALPK1-TIFA-TRAF6 axis.

ALPK1 contains a kinase domain and an α-helical
domain linked by an unstructured region, which raises
the question of which domains are crucial in mediating
ADP-LD-Hep activation of NF-κB? Zhou et al. found that
co-expression of ALPK1-N492 and ALPK1-ΔN492 was
sufficient for ADP-LD-Hep to activate NF-κB and phos-
phorylation of TIFA. By using high-performance liquid
chromatography, Zhou et al. identified from small mol-
ecule extracts one active fraction that contained the
presumed ADP-Hep ion, and detected apo-ALPK1-(N+K)
binding to ADP-LD-Hep. To further confirm ADP-Hep
binding to ALPK1, Zhou et al. determined the ALPK1-
NTD crystal structure. They found a narrow pocket in
ALPK1-NTD, which directly binds ADP-LD-Hep. They

also found that mutant forms in respective residues of
ALPK1 failed to activate ADP-LD-Hep-induced NF-κB, and
that Apo-ALPK1-(N+K) did not phosphorylate TIFA with-
out binding ADP-LD or DD-Hep. Thus, Zhou et al. demon-
strated that ALPK1 is a specific receptor for ADP-Hep.

What is the biological significance of ALPK1-ADP-Hep
signaling in vivo? Zhou et al. took a step further to deter-
mine how ADP-Hep functions in vivo and the role of
ALPK1 in this process. They showed that injection of
ADP-LD-Hep induced massive neutrophil recruitment
with increased production of several NF-κB-dependent
cytokines and chemokines in WT, but not in Alpk1−/−,
mice. Furthermore, on infection with B. cenocepacia,
which triggers lung inflammation, WT, but not Alpk1−/−,
mice showed increased expression of NF-κB-dependent
cytokines and chemokines in the lungs, which led to
higher bacterial load in the lungs of Alpk1−/−, but not
WT, mice. These results demonstrated the biological
significance of recognition of ADP-Hep by ALPK1 in vivo.

The study by Zhou et al. identified ALPK1 as a PRR for
recognition of ADP-Hep, a metabolic intermediate of
LPS biosynthesis, but not LPS itself. This study provides
great insights into how hosts respond to Gram-negative
bacterial infection, as well as novel avenues for the
development of vaccines. It also provides new targets
for precision medicine by specifically targeting ALPK1-
ADP-Hep signaling to develop therapeutics in the treat-
ment of infectious diseases and other diseases. The
large amounts of Gram-negative bacteria present in gut
microbiota mean that these findings also raise the ques-
tion of the importance of the ALPK1-ADP-Hep axis in
regulation of intestinal homeostasis. ALPK1 has been
identified as a susceptible gene of colitis in animal mod-
els. In IL-10−/− mice, which spontaneously develop col-
itis, a major susceptibility locus (26 Mb) was found on
chromosome 3 (termed Cdsc1) by comparing the sus-
ceptible C3H/HeJBir.IL-10−/− and the resistant C57BL/6.
IL-10−/− strains.10 A recent work further identified a
short interval (1.71−Mb, designated Hiccs) within the
same region as a major susceptibility locus for colitis
and associated colon cancer induced by H. hepaticus.11

Interestingly, ALPK1 is one of the best candidate genes
in both Cdsc1 and Hiccs, thus suggesting ALPK1 as a
susceptible colitis gene. It is of great interest for the pur-
pose of precision medicine to define the role of the
ALPK1-ADP-Hep axis in regulation of intestinal homeo-
stasis and the pathogenesis of inflammatory bowel dis-
eases and other autoimmune inflammatory diseases.
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