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Summary

Acyl-CoenzymeA-bindingproteins (ACBPs) sequester and transport long-chain acyl-Coenzyme

A (LCA-CoA) molecules, key intermediates in lipid metabolism, membrane biogenesis, and

energy production. In addition, recent research emphasizes their regulatory role in linking the

metabolic state to gene expression. In animals, ACBPs coordinate acetyl-CoA metabolism and

enzyme activity, thereby affecting gene expression through broad signaling networks. In plants,

ACBPs contribute to development and stress responses, with hypoxia research showing their

involvement in detecting LCA-CoA fluctuations to trigger genetic acclimation. This review

explores ACBPs in LCA-CoA signaling and gene regulation, emphasizing their function as

universal ‘translators’ of metabolic states for cellular acclimation. Further ACBP research will

offer novel regulatory insights into numerous signaling pathways fundamental to health,

development, and environmental responses across kingdoms.

I. Introduction

Long-chain acyl-Coenzyme A (LCA-CoA) esters are versatile lipid
intermediates in processes, such as energymetabolism, complex lipid
synthesis, and membrane remodeling. Beyond these roles,
LCA-CoAs emerged as signaling molecules that regulate ion

channels, enzymes, gene expression, and stress responses (Neess
et al., 2015; Islinger et al., 2020). These molecules are synthesized by
LCA-CoA synthetase (LACS in plants; ACSL in mammals), which
activate long-chain fatty acids (C14–C22) via ATP-dependent
thioesterification with CoA (Grevengoed et al., 2014). Owing to
their amphipathic nature, LCA-CoAs require transport proteins to
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avoid interferingwithmembrane and protein integrity. Evolutionary
conserved acyl-CoA-binding proteins (ACBPs) play a central role in
this context by binding LCA-CoAs with high affinity (Box 1),
preventing their harmful buildup while delivering them to specific

metabolic processes (Grevengoed et al., 2014; Neess et al., 2015;
Islinger et al., 2020).

The ACBP family comprises single- andmulti-domain proteins,
with different domain-mediating roles, such as protein–protein
interactions and directing subcellular localization (Fig. 1).
ACBPs not only participate in LCA-CoA trafficking, but also
engage in extracellular signaling, organelle tethering, enzyme
modulation, and gene regulation across kingdoms (Fig. 2) (Islinger
et al., 2020). Owing to these broad involvements, malfunctioning
of ACBPs results in various human diseases, including cancer,
neurodevelopmental, and metabolic disorders, whereas in plants,
their dysfunction is associated with impaired development and
altered stress tolerance (Duman et al., 2019; Hu et al., 2023;
Montegut et al., 2023; Du et al., 2024; Kaiyrzhanov et al., 2024).
However, while their importance in LCA-CoA transport and
metabolism is largely recognized, ACBP functionality in response
to LCA-CoA fluctuations often remains unexplored.

LCA-CoA pools, composed of diverse species varying in chain
length and degree of unsaturation, are dynamically regulated across
subcellular compartments and tissues (Box 2). Distinct LACS/ACSL
isoforms play a central role in forming these pools by generating
LCA-CoAs with individual fates tailored to specific subcellular
localizations (Grevengoed et al., 2014; Wang et al., 2021, 2024).
Furthermore, ACBP isoforms shape these pools by selectively
sequestering specific species (Box 1), thereby passively fine-tuning
LCA-CoA availability for cellular processes. These dynamics are
highly responsive to physiological and pathophysiological states,
including diabetes and hypoxia, the latter of which shifts the ratio
from saturated to unsaturatedLCA-CoAs (Schmidt et al., 2018; Shao
et al., 2024; Striesow et al., 2024; Wang et al., 2024).

Plant hypoxia research revealed that ACBPs sense shifts in the
cytosolic LCA-CoA pool and directly transmit this information to
interacting transcription factors, enabling their release to initiate

Box 1. Conserved ACB domains: sensors for LCA-CoA dynamics?

Acyl-Coenzyme A-binding (ACB) domains are roughly 10-kDa-sized
phylogenetically conserved protein domains that are found across all
eukaryotic kingdoms (plants, fungi, and animals), as well as some
eubacteria (Neess et al., 2015; Islinger et al., 2020). ACB domains are
characterized by a four a-helix bundle that folds into a shell-like
framework and exhibits high affinity for a wide range of long-chain
(C14-C22) acyl-Coenzyme A (LCA-CoA) molecules (Neess et al., 2015;
Islinger et al., 2020). Binding of LCA-CoA is primarily mediated by polar
residues on the surface of ACB domains that interact with the CoA
portion, while a lipophilic region within the domain accommodates the
acyl-chain. Broadly, three bondings are relevant for LCA-CoA binding to
ACB domains: (1) binding to the 30-ribophosphate; (2) interactions with
the adenosine moiety; and (3) hydrophobic interactions with the acyl-
chain (Islinger et al., 2020). This arrangement sequesters LCA-CoA
molecules, protecting them from hydrolysis and nonspecific interactions
with their cellular environment. Subtle variations in amino acid
composition among ACB isoforms result in shifts in binding preferences
toward LCA-CoAs. This capability positions ACB domains as potential
sensors of minor metabolic fluctuations in LCA-CoA pool compositions.
Notably, structural data (available via the Protein Data Bank) reveal that
ligand binding toACBdomains does not trigger conformational changes.
This suggests that ACBP-mediated LCA-CoA signaling likely relies on
competitive binding or steric effects introduced by specific LCA-CoA
species, which influence interactions between ACBP and other proteins.
Future research should focus on uncovering the structural and functional
details of ACB-LCA-CoA interactions and identify additional interaction
partners of these complexes. Such studieswill help to fully elucidate their
signaling roles and to determine the broader scope and impact of these
complexes in cellular regulatory networks.
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Fig. 1 Functional and structural diversification of acyl-Coenzyme A binding proteins (ACBPs) discussed in this review. ACBPs are a conserved protein
family across biological kingdoms. In plants, ACBPs are grouped into four classes, each with unique subcellular localizations and roles in responding to
diverse biotic and abiotic stresses. In animals, structural orthologs of Class I and Class II ACBPs carry out essential cellular functions, with their dysfunction
linked to cancer, metabolic disorders, and neurological diseases. Green, conserved acyl-CoA-binding domain; orange, transmembrane/signal motif; pink,
Ankyrin repeats; blue, Kelch repeats; DBI, diazepam-binding inhibitor; ER, endoplasmic reticulum.
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hypoxic gene expression (Fig. 2d) (Schmidt et al., 2018; Zhou
et al., 2020; Guo et al., 2024). This mechanism illustrates that the
interaction between ACBPs and LCA-CoAs can provide a nuanced

communication channel between themetabolic state of the cell and
the gene regulatory network. In animals, ACBP research highlights
both LCA-CoA-independent and LCA-CoA-dependent signaling

Fig. 2 Acyl-Coenzyme A-binding protein (ACBP)–long-chain acyl-Coenzyme A (LCA-CoA) complexes in gene regulatory processes. Four distinct modes of
action have been identified through which ACBPs in association with LCA-CoA molecules modulate gene expression across species. (a) ACBPs transport
LCA-CoAs to mitochondria, where they are used in fatty acid oxidation (FAO) to serve as acetyl-CoA substrates in the tricarboxylic acid (TCA) cycle. This
process drives the electron transport chain (ETC) to produce ATP via oxidative phosphorylation. Alternatively, FAO-derived acetyl-CoA can be transported
into the cytosol and nucleus, serving as a substrate for histone and transcription factor (TF) acetylation (Ac), thereby regulating gene expression. (b) ACBPs
interact with N-myristoyltransferases (NMTs), protecting these enzymes from interference by more abundant nonmyristoyl-CoAs and enhancing their
activity. NMT-mediated myristoylation modifies the localization, stability, and interactions of target proteins, influencing regulatory signaling pathways
that may ultimately converge on transcriptional regulation via currently unknown mechanisms. (c) ACBPs transport LCA-CoAs into the nucleus, where
these molecules bind TFs, such as bacterial fatty acid metabolism regulator (FadR) (I) or mammalian hepatocyte nuclear factor-4alpha (HNF-4a) (II), to
modulate their DNA-binding activity. Additionally, ACBPs may interact directly with TFs, either in association with LCA-CoAs (III), or the protein complex is
fully functional even without interaction with LCA-CoA as cofactor (IV). However, the dynamics and molecular consequences of these interactions remain
poorly understood. (d) Binding of saturated and unsaturated LCA-CoA species to ACBPs affects their interaction with TFs under varying physiological
conditions. During hypoxia, reduced ATP levels decrease LCA-CoA synthetase (LACS) activity, altering the LCA-CoA pool to favor unsaturated LCA-CoA
species. This shift leads to the dissociation of TFs from ACBPs, enabling their nuclear translocation and activation of hypoxic gene expression.
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roles, with the latter influencing gene expression through diverse
signaling pathways (Fig. 2a–c) (Joseph et al., 2020; Soupene
et al., 2020; Duman et al., 2023; Li & Karpac, 2023).

This review summarizes recent advances inACBP research across
kingdoms, focusing on their roles in linking LCA-CoAmetabolism
to gene regulation (Fig. 2). By including nonplant research, we seek
to provide a comprehensive perspective on ACBP functionality,
offering insights into conserved roles while introducing developing
technologies that could transformACBP research in plants (Box 2).

II. ACBP and LCA-CoA research in animals

Among the ACBP isoforms in animals, mammalian
ACBP/diazepam-binding inhibitor (DBI) consists solely of the
conserved acyl-CoA-binding (ACB) domain and functions both
intra- and extracellularly (Box 1; Fig. 1: Animal ACBP/DBI)
(Montegut et al., 2023). Intracellularly, ACBP/DBI is involved in
linking the metabolic state of the cell with gene regulation via
modulating acetyl-CoApools (Fig. 2a).ACBP/DBI ishighly expressed
in many cancers, where it mediates the transport of LCA-CoAs to

mitochondria, fueling fatty acid oxidation to support tumor growth
and invasiveness (Duman et al., 2019). Recently, Duman et al. (2023)
reported that ACBP/DBI knockdown reduces invasion and prolifera-
tion of glioblastoma, the most common malignant brain tumor in
adults. This reduction is accompanied by widespread changes in gene
expression, suggesting that ACBP/DBI plays a role not only in energy
production, but also in driving transcriptional reprogramming
(Duman et al., 2023). Their study proposed that the transcriptional
changes following ACBP/DBI knockdown result from reduced
acetyl-CoA production, impairing histone acetylation and thereby
altering gene expression (Duman et al., 2023). Supporting this
concept, Li & Karpac (2023) found that DmAcbp6, the structural
analog of ACBP/DBI in fruit fly (Drosophila melanogaster), is involved
in regulating acetyl-CoA levels to initiate transcriptional reprogram-
ming for nutrient-dependent midgut resizing. The DmAcbp6-
mediated modulation of the acetyl-CoA pool affects acetylation of
various proteins, such as the DmSTAT92e transcription factor,
promoting intestinal stem cell proliferation to support nutrient-
responsive tissue plasticity (Li & Karpac, 2023). These findings
positionACBPs as regulators of acetyl-CoAmetabolism that indirectly
leads to modulation of gene expression across species.

Beyond their role as indirect modulators, ACBPs also directly
shape metabolism via regulating enzyme activities through protein–
protein interactions. ACBD6, a multi-domain ACBP with a
C-terminal ankyrin-repeat (ANK)domain (Fig. 1: AnimalACBD6),
regulates protein N-myristoylation, a co- and posttranslational
modification that influences target stability, localization, and
function (Soupene et al., 2016, 2020; Soupene & Kuypers, 2022).
Dysfunction of ACBD6 has been associated with neurological and
metabolic conditions linked to perturbed N-myristoylated protein
networks, highlighting a critical role for ACBD6 in maintaining
proper organismal health (Yeetong et al., 2023; Kaiyrzhanov
et al., 2024). Through its ANK domain, ACBD6 interacts with
N-myristoyltransferases (NMTs) and shields these enzymes from
inhibition by more abundant nonmyristoyl LCA-CoAs, thereby
enhancing NMT activity (Soupene et al., 2020). This protective
interaction with NMTs allows ACBD6 to affect multiple signaling
pathways that could converge on transcription factor activity
(Fig. 2b). However, while proteomic studies in ACBD6-deficient
zebrafish (Danio rerio) and frog (Xenopus tropicalis) cells suggest broad
impacts on RNA processing and stress responses (Kaiyrzhanov
et al., 2024), direct evidence linking ACBD6 to transcriptional
regulation remains limited.

Notably, while roles in regulating acetyl-CoA levels and NMT
activity are tied to LCA-CoA binding (Fig. 2a,b), not all of their
functions depend on this interaction. For instance, extracellular
ACBP/DBI acts as a neuropeptide that binds c-aminobutyric acid
type A receptors, affecting processes, such as neurogenesis,
apoptosis, and appetite stimulation (Alquier et al., 2021;Montegut
et al., 2023). Aligning with its role in appetite stimulation,
extracellular ACBP/DBI levels are elevated in obese and reduced in
anorexic patients, positioning it as a promising therapeutic target
for anorexia (Fig. 1) (Bravo-San Pedro et al., 2019; Charmpilas
et al., 2020;Chen et al., 2024). In this context, research showed that
mutations reducing the affinity of ACBP/DBI for LCA-CoAs do
not impair its appetite-stimulatory effect, suggesting that at least

Box 2. Shedding light on the invisible: recent insights into LCA-CoA

dynamics

Long-chain acyl-Coenzyme A (LCA-CoA) pools respond rapidly to
metabolic and environmental cues, such as nutrient availability, stress,
and cellular energy status. However, their low abundance, instability,
rapid turnover, and complex subcellular compartmentalization present
immense challenges for accurate measurements.

Recent advances in compartment-specific metabolomics and biosen-
sors have enabled detailed investigations of subcellular LCA-CoA
dynamics (Trefely et al., 2022; Wang et al., 2024). For example, stable
isotope labelingof essential nutrients in cell culture–subcellular fractiona-
tion (SILEC-SF) improvesacyl-CoAquantificationbyembedding isotope-
labeled standards throughout the fractionation process, minimizing
sample loss and processing inconsistencies (Trefely et al., 2022).
SILEC-SF demonstrated compartment-specific metabolic changes, such
as reduced mitochondrial succinyl-CoA levels during hypoxia. However,
its reliance on cell-line standards limits applicability in complex tissues
with metabolic heterogeneity (Trefely et al., 2022).

Alternatively, the high response of long-chain acyl-CoA (LACSerHR)
biosensor by Wang et al. (2021, 2024) enables real-time, in vivo

monitoring of LCA-CoA fluctuations, revealing enzyme- or stress-
induced shifts in LCA-CoA pools. For instance, the biosensor confirmed
LCA-CoA synthetase 4 (ACSL4)-dependent LCA-CoA changes during
ferroptosis and fluctuations in LCA-CoA metabolism in type 2 diabetes
(Wang et al., 2024). Based on the bacterial fatty acid metabolism
regulator transcription factor, which binds LCA-CoAs to modulate its
ability to bind DNA (Fig. 2c), LACSerHR uses a conformation-sensitive
yellow fluorescent protein (cpYFP) to measure fluorescence changes
upon LCA-CoA binding (van Aalten et al., 2001; Petrescu et al., 2003;
Wang et al., 2024). While powerful, LACSerHR cannot distinguish
individual LCA-CoA species and is affected by pH sensitivity, which
impacts measurement accuracy in some settings.

Both SILEC-SF and LACSerHR have shown that LCA-CoA pools
undergo subcellular changes during hypoxia, ferrotopsis, and type 2
diabetes. However, challenges remain in making these techniques
applicable to complex tissues and distinguishing between individual
species. Future tools should aim for species-specific detection and
enhanced accuracy to further unravel the signaling roles of LCA-CoAs.
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some functions of ACBP/DBI operate independent of LCA-CoA
binding (Joseph et al., 2020).

In summary, ACBPs in nonplant species play diverse roles in
regulating acetyl-CoA pools, transcriptional reprogramming,
enzyme activity, and extracellular signaling. However, key
questions remain regarding their contributions to transcriptional
regulation and how these processes intersect with binding of
specific LCA-CoAs. Research in plants, where ACBPs regulate
development and stress responses, has revealed species-specific
effects of distinct LCA-CoAs on their regulatory functions,
providing novel insights thatmay bridge gaps in our understanding
of ACBP functionality across kingdoms.

III. ACBPs in plant stress responses

Based on phylogeny and protein domains, plant ACBPs fall into
four classes: small ACBPs (Class I), ANK-ACBPs (Class II), large
ACBPs (Class III), and Kelch-ACBPs (Class IV) (Fig. 1: Plant
ACBPs) (Meng et al., 2011). Class I comprises cytoplasmic and
nuclear ACBPs that contain only an ACB domain. Although
structurally resembling mammalian ACBP/DBI, functional data
on plant orthologs remain limited to conferring freezing tolerance
upon overexpression (Chen et al., 2008). Class II ACBPs feature, in
addition to the ACB domain, C-terminal ANK repeats and an N-
terminal transmembrane motif that targets them to the endoplas-
mic reticulum (ER) and plasma membrane. Class III-members are
highmolecular weight ACBPs with a C-terminal ACB domain and
target to the apoplast, whereas Class IV ACBPs have C-terminal
Kelch motifs that engage in protein–protein interactions and
localize to the cytosol or peroxisomes (Meng et al., 2014).

Recently, these classes have been characterized in barley (Chang
et al., 2024), wheat (Hu et al., 2023), cotton (Chen et al., 2023),
poplar (Chang et al., 2022), and many legumes (Ling et al., 2023;
Du et al., 2024), with transcript analyses highlighting tissue-
specific expression and responsiveness to both environmental and
developmental cues. For instance, in barley (Hordeum vulgare),
HvACBPs are differentially induced by phytohormones and abiotic
stresses, suggesting roles in stress acclimation and development
(Chang et al., 2024). However, although ACBPs participate in
various regulatory pathways, the precise molecular functions across
different classes remain ambiguous and seem to partly overlap.

Class III and IV ACBPs were implicated to be involved in
autophagy-related processes linked to pathogen defense, though
their molecular role in this context remains unclear (Fig. 1). In
wheat (Triticum aestivum), TaACBP4A-1 (Class III) and
TaACBP4A-2 (Class IV) are induced by fungal infection with
Blumeria graminis f. sp. tritici (Bgt) (Hu et al., 2023). Silencing of
TaACBP4A-1 and TaACBP4A-2 increases susceptibility to Bgt,
suggesting that both Class III and Class IV TaACBPs contribute
to pathogen defense. Yeast two-hybrid assays indicate that
TaACBP4A-1 interacts with the autophagy-related protein
TaATG8g, implying a role for TaACBP4A-1 in autophagy (Hu
et al., 2023). In previous studies using the model plant Arabidopsis
thaliana, overexpression of Class III AtACBP3 led to destabiliza-
tion of AtATG8, with mutant plants displaying accelerated leaf
senescence alongside impaired autophagy (Xiao et al., 2010). These

findings indicate a conserved role for Class III ACBPs in regulating
autophagy across plants through a process involving ATG8 and its
destabilization. However, additional evidence verifying the
TaACBP4A-1–TaATG8g interaction is currently missing, and
the functional role of this complex remains to be determined.

Class II and III ACBPs have been implicated in responses to
abiotic stresses, such as drought, salinity, and hypoxia, but many
aspects of their molecular mechanisms remain unresolved (Fig. 1).
For instance, in Medicago truncatula and Medicago sativa,
Mt/MsACBP1 (Class III) and Mt/MsACBP2 (Class II) are induced
by high salinity, with Mt/MsACBP2 overexpression enhancing salt
and drought tolerance in Arabidopsis (Du et al., 2024). In soybean
(Glycine max), a proposed mechanism driving the ACBP-mediated
salt stress resilience involves Class II GmACBPs that interact with
lipoxygenase (GmLOX) via linolenoyl-CoA (C18:3-CoA) (Lung
et al., 2022). This interaction forms a complex that sequesters
GmLOX at the ER and plasma membrane under nonstressed
conditions (Lung et al., 2022).Under salinity, increasedphosphatidic
acid (PA) contents compete with linolenoyl-CoA for binding to
GmACBPs, leading to GmLOX release and activation of oxylipin
signaling, which is essential for stress resistance (Lung et al., 2022).
However, it is currently unclear whether and how PA binds to the
ACB domain to compete with the higher-affinity linolenoyl-CoA
ligand.Based on in vitrokinase assays and computational predictions,
further regulatory layers may involve phosphorylation of Class II
GmACBPs, but in vivo evidence and functional consequences of this
modification remain unexplored (Moradi et al., 2024).

Overall, ACBPs are regulators of various processes, including
development, autophagy, and stress responses. While their ability
to interact with different lipid and LCA-CoA species positions
them as central hubs in lipid signaling (Box 1), many molecular
consequences of their interplay remain unclear. Strikingly, hypoxia
research has demonstrated that specific LCA-CoA species act as
molecular triggers that induce differential gene expression clusters
in Arabidopsis (Schmidt et al., 2018). By integrating these
metabolic signals, ACBPs serve as pivotal connectors that directly
bridge lipidmetabolism to gene regulation for cellular acclimation.

IV. Sensing hypoxia: ACBPs as metabolic translators

ACBPs are involved in initiating the onset of hypoxic gene expression
by sensing and translating cytoplasmic LCA-CoA shifts into
transcriptional responses (Schmidt et al., 2018; Zhou et al., 2020;
Guo et al., 2024).Hypoxia hampers oxygen-dependent processes and
triggers a plethora of molecular responses to restore cellular
homeostasis. One aspect of these metabolic shifts involves the
accumulation of unsaturated LCA-CoA species, which act as
signaling molecules through interactions with ACBPs to initiate
hypoxic gene expression (Fig. 2d) (Schmidt et al., 2018; Zhou
et al., 2020; Guo et al., 2024; Shao et al., 2024; Striesow et al., 2024).

Upon hypoxia, the relative abundance of oleoyl-CoA (C18:1-
CoA) increases because LACS activity is reduced under low ATP
conditions. This shift in the composition of the LCA-CoA pool
thus creates an energy-dependent signal that leads to the
dissociation of the subgroup VII ethylene-response transcription
factor (ERFVII) related to apetala 2.12 (RAP2.12) from Class II
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ACBPs (Schmidt et al., 2018). The release allows RAP2.12 to
translocate into the nucleus and activate genes required for
anaerobic metabolism (Licausi et al., 2011; Schmidt et al., 2018).
In addition to reduced LACS activity, increased fatty acid desaturase
expression during hypoxia increases the level of polyunsaturated
linolenoyl-CoA (C18:3-CoA), which similarly triggers the release
of RAP2.12 from Class II ACBPs (Klinkenberg et al., 2014; Zhou
et al., 2020; Shao et al., 2024). These observations suggest that
various unsaturated LCA-CoAs contribute to fine-tuning meta-
bolic responses under hypoxic stress, possibly conveying nuanced
metabolic states. Recently, Guo et al. (2024) identified a related
mechanism where oleoyl-CoA releases the WRKY70 transcription
factor from ACBP4 (Class IV), leading to increased RAP2.12
expression and enhancement of the hypoxic response. Together,
these findings suggest a broad role for different classes of ACBPs in
linking LCA-CoA signaling to transcription factor activity during
metabolic acclimation to hypoxia (Fig. 2d).

V. Conclusions and future perspectives

ACBPs are versatile cellular regulators across kingdoms, transition-
ing from simple LCA-CoA transporters to extracellular signal
transducers, enzymatic modulators, and mediators of LCA-CoA-
dependent transcriptional reprogramming (Figs 1, 2). Their ability
to bind, transport, and translate LCA-CoA signals contributes to a
broad range of cellular functions, including nutrient-responsive
regulation and the modulation of transcription factor activity.
However, roles such as the appetite-stimulatory effects of
extracellular ACBP/DBI, appear independent of LCA-CoA
binding, underscoring their functional versatility.

The observed versatility of ACBPs in gene regulation is
particularly intriguing, involving mechanisms, such as modulating
acetyl-CoA availability, enzyme regulation, and transcription
factor interactions (Fig. 2). In plants, their role during hypoxia
signaling demonstrates their capacity to sense and communicate
cellular metabolic states to transcription factors, allowing precise
gene expression adjustments. Beyond hypoxia, ACBPs participate
in other abiotic stresses like drought and salinity, where shifts in
lipid metabolism create unique LCA-CoA signatures (He &
Ding, 2020). Thus, it is tempting to speculate whether ACBPsmay
act as general metabolic sensors that translate LCA-CoA signatures
generated by the cell to their protein interaction partners.

The versatility of ACBPs in binding diverse LCA-CoAs and
interacting with proteins across various cellular contexts suggests
their regulatory roles may extend beyond our current under-
standing. However, the precise mechanism underlying LCA-CoA-
mediated complex destabilization and the spectrumof their protein
interactions remain unclear. Techniques, such as protein pull-
downs, mass spectrometry, compartment-specific metabolomics,
and LCA-CoA biosensors, offer potential to uncover these
dynamics (Box 2). These approaches could clarify whether ACBPs
act as general coordinators of cellular acclimation or specialize in
specific processes, such as oxygen sensing in plants. Addressing
these questions may redefine ACBPs as universal metabolic
translators, opening exciting avenues for understanding their roles
across kingdoms.
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