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Glucose signaling, AtRGS1 and plant autophagy
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ABSTRACT
Glucose is an important building component in organisms and a central molecule of energy metabolism.
It is also a key signaling molecule involved in regulation of many physiologic processes, including
organism morphogenesis, anabolism and catabolism, pest and disease stress, environmental stress
response. The signal transduction pathway mediated by heterotrimeric G proteins is one of the most
important pathways for Arabidopsis to recognize, perceive and transduce external stimuli. AtRGS1
(Arabidopsis thaliana regulator of G-protein signaling) metabolism is currently thought to be through
endosome.This paper introduces relationship between autophagy and RGS1.
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Research progress on autophagy in plants

Autophagy is a procession of orderly degradation and recy-
cling of cellular component, which relies on lysosomes and
vacuoles and is highly conserved in eukaryotes. In plant and
yeast cells, intracellular materials are entrapped in autophagic
vesicles of the bilayer membrane when autophagy occurs, and
transported into vacuoles for degradation, resulting in new
small molecules for reuse. Over the years, scientists have
discovered that autophagy in plants is involved in nutritional
hunger, stress, leaf senescence, plant immunity, and coping
with environmental stress.12 In the plant immune system,
selective autophagy acts as receptors to mediate degradation
of FLAGELLIN-SENSING 2 (FLS2). In Arabidopsis plants,
overexpression of orosomucoid 1 (ORM1) or ORM2 is unde-
tectable and lack of FLS2 signaling, so that the plants are
susceptible to the bacterial pathogen Pseudo Smonas syringae.
Yang et al.’s result showed that ORM is a selective autophagy
receptor and FLS2 is degraded by autophagy, suggesting that
selective autophagy plays a key role in plant immunity.3

Recent research revealed that Autophagy-related gene
MdATG18a plays a key role in plant nutrient deficiencies,
drought, pathogens and other stresses. When plants are
stressed by pathogens, a large increase in the expression of
MdATG18a causes decrease of plant’s own active oxygen
levels and rise of the SA level, thereby increasing plant
resistance.4,5 Cellular senescence is present in plants, but
autophagy plays a key role in cell aging that is a delicate
regulation process. Autophagy counteracts the death of tran-
sient cells and also participates in degradation of cellular
components.6 Our research indicates that ATG7, NPR3 and
NPR4 are active regulators of plant defense system and aging,
while NPR1 has the opposite function. In addition, NPR3 and
NPR4 regulate autophagy activity through two ubiquitin-like
pathways, which in turn affect the formation of autophagic

vacuoles and the degradation of autophagosomes in vacuoles.7

We found that NPR1 participates in the autophagy metabolic
pathway when plants are infected by pathogens (result to be
published).

The target of rapamycin (TOR) signaling pathway is a key
pathway in cell growth and survival.8 Studies have shown that
TOR enhances insulin sensitivity and reduces hyperinsuline-
mia in mice having low insulin levels in the pancreas, thus
suggesting that the TOR treatment may cause both beneficial
and harmful effects dependent insulin level of the pancreas.9

In plants, TOR protein kinases are able to accept and transmit
glucose (15 mM) metabolic signals to promote plant growth.
Xiong et al. found that TOR kinase in plants controls genomic
expression and activates cell division of apical meristems by
positively regulating the transcription factor E2Fa to promote
rapid growth of plants.10 We discovered that the number of
autophagysomes in Arabidopsis is increased in the presence of
glucose.11 Under 3% glucose treatment, rgs1 mutants has less
autophagisomes and low autophagic flux, indicating that
RGS1 promotes the production of autophagosomes (result to
be published). However, it is unclear whether AtRGS1 is
involved in the initiation and maturation of autophagic mem-
branes under glucose treatment.

Relationship between glucose signaling pathway and
autophagy

Sugars are energy and signal substances that play an impor-
tant role in plant growth and development. Although a variety
of sugar signaling pathways plays an important regulatory role
in plants from embryonic to senescent death, glucose is the
oldest and most conserved regulatory signal that controls gene
and protein expression, and nascent and secondary cell cycles.
In recent years, studies on the metabolism of glucose, as well
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as the growth and developmental processes of plants, have
made great progress on the glucose signal transduction
pathway.12,13 Existing studies have shown that there are
mainly three glucose signal transduction pathways in
Arabidopsis: HEXOKINASE1 (HXK1) glucose signal trans-
duction pathway.14-18 AtRGS1 related G-protein-coupled glu-
cose signal transduction pathway.17,19-22 and SUCROSENON-
FERMENT-ING1(SNF1)-RELATED KINASE 1/TARGET OF
RAPAMYCIN (SnRK1/TOR) pathway that relies on
glycolysis.10,16,23,24 The availability of sugar and the coordina-
tion of plant hormone signals are critical for plant growth and
development. Recent research indicates that BRI1
(BRASSINOSTEROID INSENSITIVE 1) and BAK1 (BRI1-
associated kinase 1) are involved in sugar reactive growth
and development. Glucose affects the interaction and phos-
phorylation of BRI1 and BAK1 in a concentration-dependent
manner. BRI1 and BAK1 interact with G proteins and are
required for mediating sugar signaling. Biochemical data
show that BRI1 phosphorylates G-protein β and γ subunits,
and BAK1 phosphorylates G-protein γ subunit. Genetic ana-
lysis indicates, and thus BRI1 and BAK1 commonly regulate
glycose response via the G-protein subunit, providing
a meaningful genetic molecular mechanism for glucose sig-
naling in plants.25 Studies have shown that AtRGS1 is an
important receptor for plant sugar signaling, with high sensi-
tivity to glucose, but poor sensitivity to fructose and sucrose.17

Endocytosis of AtRGS1 is essential in glucose stress.26 Its
mechanism and pathway is currently not reported in litera-
ture. The autophagy pathway plays a very important role in
living organisms. We found that our results indicate that
AtRGS1 promotes the formation of autophagosomes by reg-
ulating the activity of five complexes involved in autophagy,
the recovery of AtRGS1 is promoted and endocytosis is inhib-
ited, and AtRGS1 is mainly clustered near the cell membrane,
AtRGS1 recovery and endocytosis, autophagy pathways
involved in AtRGS1 regulated signaling pathways.11 Whether
selective autophagy is involved in the metabolic regulation of
RGS1 remains to be further studied.

Relationship between RGS1 and autophagy

G protein is widely distributed in eukaryotes, binds to guanine
nucleotides, has enzymatic activity, and is a class of proteins
that act as transducers or molecular switches in cell signaling
pathways. G proteins are mainly classified into three groups of
a low-molecular-weight small monomer protein, a high-
molecular-weight super large protein, and a trimeric protein
coupled to a membrane receptor. The heterotrimeric G-protein
complex consists of one canonical Gα subunit (GPA1), one Gβ
subunit (AGB1), and three Gγ subunits. G-protein-mediated
cell signaling is one of the most conserved signal transduction
pathways in eukaryotic cell.27 In animal cells, when G-protein-
coupled receptors on the plasma membrane bind to their
specific ligands, their conformation will change, and then
a series of signal transduction processes will occur, eventually
triggering expression of related intracellular genes and physio-
logical/biochemical responses. Modulation of both active and

inactive forms of Gα protein is critical for heterotrimeric
G-protein complex-mediated signaling processes. Studies
have shown that the lipolytic enzyme phospholipase Da1
(PLDa1), a G-protein signaling (RGS1) protein modulator in
Arabidopsis, acts as G-protein activity accelerating proteins
(GAPs) for Gα protein to attenuate its activity. RGS1 and
PLDa1 interact with each other, and RGS1 inhibits the activity
of PLDa1 during regulation of responses. Phosphatidic acid
(PA) is a second messenger that is normally derived from the
lipid hydrolyzing activity of PLDa1 and is a molecular target of
RGS1, PA binds and inhibits GAP activity of RGS1.28

In yeast and animal cells, RGS and GPCR are two proteins
with opposite functions in Arabidopsis. The N-terminus of
RGS1 is a GPCR-like 7-transmembrane domain, and its
C-terminal is an RGS domain. Some researchers believe
that AtRGS1 is recycled between the plasma membrane
and endocytosis, and is possibly a sugar-activated
G-protein regulator. It has been found that degradation of
Notch 1 (a human gene encoding a single-pass transmem-
brane receptor) is regulated by autophagy in addition to its
traditional endocytic pathway.29 The mechanism and path-
way of AtRGS1 migration into cells has not been reported in
the literature. The autophagy pathway plays a very important
role in living organisms and participates in a variety of life
activities. Our recent findings show that glucose induces
autophagy, the production of autophagosomes and also the
expression of autophagy-related genes. Real-time
Quantitative PCR Detecting System (qPCR) results show
that Autophagy-related genes ATG4 and ATG12a are
involved in the degradation of RGS1.11 Our study found
that changes in autophagic flux were negatively correlated
with RGS1, RGS1-YFP is enveloped by the tonoplast, and
autophagosomes have a certain degree of overlap with RGS1
and its truncations. These results indicate that there is a very
close relationship between autophagy and RGS1 (result to be
published).

Perspective

Autophagy plays an important role in the endocytosis of
RGS1 and GPA1 plays a key role in mediation. However,
many questions, such as whether the NBR1 selective autop-
hagy receptor is involved in this process and if the RGS1
fragment is involved in the formation of autophagosome
membrane, remains unknown. We first proposed that autop-
hagy plays an important role in the endocytosis of RGS1. Our
results demonstrate that glucose-induced RGS1 endocytosis is
the process of resolution and assembly of RGS1 fragments,
GPA1 plays a key role in mediating, and autophagy-related
genes are involved in this process. It was found that the RGS1
fragment interacts with the marker gene ATG8a of the autop-
hagosome (result to be published). It is of great significance to
further elucidate the mechanism of glucose-mediated RGS1
and autophagy signaling system in plants, in order to improve
the plant ability to obtain nutrients growth and enhance plant
photosynthetic function.
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