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In a recent paper published in 
Cell, He and colleagues reported the 
identification and functional char-
acterization of Beclin 2, a mammal-
specific homolog of the evolutionarily 
conserved autophagy-regulatory and 
oncosuppressive factor Beclin 1. In 
spite of a non-negligible degree of 
sequence identity, Beclin 1 and Beclin 
2 differ from each other in multiple 
aspects, including their functional 
profile as well as the genomic orga-
nization of the respective loci.

Originally identified as a BCL-2-in-
teracting partner capable of protecting 
mice from viral encephalitis [1], Beclin 
1 — the mammalian ortholog of yeast 
Atg6 — is nowadays well known as a 
core component of the class III phos-
phoinosite-3-kinase (PI3K) enzymatic 
complex that initiates the formation 
of autophagosomes in the course of 
macroautophagy (hereafter referred to 
as autophagy) [2]. Presumably owing 
to the critical function of autophagy in 
embryonic development, mice lacking 
both copies of the Beclin 1-coding gene 
(Becn1) die early during embryogen-
esis. Moreover, Becn1+/− mice suffer 
from a high incidence of spontaneous 
tumors, indicating that Beclin 1 acts 
as a haploinsufficient tumor suppres-
sor [3]. At least in part, this reflects 
the central role that autophagy plays 
in the maintenance of intracellular 
homeostasis. Indeed, baseline levels 
of autophagy mediate the removal of 
various cytoplasmic entities that might 
favor oncogenesis, including damaged 
mitochondria and protein aggregates 
[4]. Conversely, established neoplasms 
often harness the cytoprotective func-
tions of autophagy to their own benefit 

[2]. The pathophysiological relevance 
of autophagy is not limited to cancer, 
but extends to a large panel of human 
diseases, including neurodegenerative, 
cardiovascular and infectious conditions 
[5]. Thus, during the last decade autoph-
agy-regulatory signaling pathways have 
been intensively investigated.

Until now, Beclin 1 was considered 
as the only Beclin encoded by the mam-
malian genome, sharing some degree 
of structural homology with so-called 
“BH3-only” proteins, pro-apoptotic 
members of the BCL-2 family that are 
involved in the activation of cell death in 
response to stress [6]. In a recent paper 
published in Cell, the research group 
led by Beth Levine [7] identified a hu-
man and a mouse protein sharing 57% 
and 44% sequence identity with hu-
man and mouse Beclin 1, respectively, 
de facto unveiling the existence of an 
additional, mammal-specific ortholog 
of Atg6, Beclin 2. The mouse Beclin 2 
mRNA was detected in multiple organs 
including the brain, skeletal muscle, 
placenta, thymus and uterus, as was the 
human protein in both fetal and adult 
brain tissues. These data demonstrate 
that the current classification of mouse 
and human Beclin 2-encoding genes 
(i.e., NG_022940 and NG_028451) as 
pseudogenes is incorrect.

The knockdown of Beclin 2 reduced 
several manifestations of basal or 
starvation-induced autophagy in cul-
tured mammalian cells, including the 
degradation of the autophagic substrate 
p62, the aggregation of a fluorescent 
form of LC3 into cytoplasmic dots and 
the lipidation of endogenous LC3. All 
such effects, which were not due to an 
increased autophagosomal turnover 

(as verified in the presence of the lyso-
somal inhibitor bafilomycin A1), could  
be rescued upon the transgene-driven 
expression of a non-interferable Beclin 
2 variant. Thus, similar to Beclin 1, 
Beclin 2 regulates autophagy [7]. In 
fact, Beclin 2 turned out to physically 
interact with several (but not all) com-
ponents of the class III PI3K complex 
organized around Beclin 1, including 
the catalytic subunit VPS34 as well 
as the regulatory factors ATG14, AM-
BRA1 and UVRAG, but not RUBICON 
(Figure 1A). Beclin 2 also appeared to 
share with Beclin 1 the ability to bind 
BCL-2, although only the latter gets dis-
sociated from such an interaction in the 
course of stress-induced autophagy [7, 
8]. As the greatest divergence between 
mammalian Beclins involves their N 
terminus, He and colleagues employed 
the N-terminal domain of Beclin 2 as a 
bait in a yeast two-hybrid screen, and 
identified G protein-coupled receptor 
(GPCR)-associated sorting protein 1 
(GASP1) as a Beclin 2-specific interac-
tor. Thus, similar to GASP1 (but not to 
Beclin 1), Beclin 2 was required for the 
agonist-induced lysosomal degradation 
of a subset of GPCRs including opioid 
receptor δ1 (DOR) and cannabinoid 
receptor 1 (CB1R). Importantly, such an 
activity, but not the capacity of Beclin 
2 to regulate autophagic responses, ap-
pears to rely on the physical interaction 
between Beclin 2 and GASP1.

To obtain insights into the physi-
ological functions of Beclin 2, He 
and colleagues attempted to gener-
ate Becn2−/− mice, finding that these 
animals survived embryonic and early 
post-natal development at sub-Mende-
lian rates (approximately 4%). Not only 
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Becn2+/− and Becn2−/− mouse embry-
onic fibroblasts, but also the brain of 
Becn2+/− animals exhibited significant 
autophagic defects, corroborating the 
role of Beclin 2 in the regulation of au-
tophagy in vivo. Moreover, these geno-
types were associated with increased 
basal levels of multiple GPCRs, includ-
ing CB1R and dopamine receptor D2 
(DRD2) [7]. In line with the notion that 
increased CB1R signaling accrues food 
intake and hence favors obesity and in-
sulin resistance, while pharmacological 
or genetic CB1R inhibition has opposite 
effects [9], Becn2+/− mice accumulated 
more weight than their wild-type litter-
mates in response to a standard (as well 
as to a high-fat) diet. At odds with their 
Becn1+/− counterparts, Becn2+/− mice 
also exhibited impaired glucose toler-
ance and decreased insulin sensitivity, 
two effects that could be reverted by a 
chemical CB1R antagonist [7]. Taken 
together, these data demonstrate that 

besides regulating autophagy, Beclin 
2 plays a unique role in glucose me-
tabolism. 

Beclin 1 is known to regulate various 
processes other than autophagy, includ-
ing vacuolar protein sorting and the deg-
radation of specific growth factor recep-
tors [10]. Thus, in spite of 44% - 57% 
sequence identity, the two mammalian 
Beclins described to date are relatively 
different from each other, exhibiting 
functional profiles that overlap to a lim-
ited degree (Figure 1B). Interestingly, 
He and colleagues have previously 
shown that defects in stimulus-induced 
autophagy (including those introduced 
by the Becn1+/− genotype) are coupled 
to decreased endurance and altered glu-
cose metabolism during acute exercise, 
as well as with an impaired capacity of 
training to protect mice against diet-
induced glucose intolerance [8]. Part of 
these phenomena were shown to reflect 
defects in the AMP-activated protein 

Figure 1 Common and divergent functions of mammalian Beclins. Specificity of the 
main interactors (A) and functions (B) ascribed to mammalian Beclin 1 and Beclin 2 to 
date. GPCR, G protein-coupled receptor; RTK, receptor tyrosine kinase.

kinase (AMPK)-dependent exposure 
of glucose transporters on the plasma 
membrane of skeletal muscle cells. It is 
therefore tempting to speculate that the 
metabolic phenotype of Becn2+/− may in 
part originate from peripheral defects in 
glucose handling linked to autophagy. 
Thus, although the force driving the 
divergence of mammalian Beclins re-
mains to be elucidated, it may reflect 
the need for an integrated regulation of 
central and peripheral mechanisms of 
metabolic homeostasis. Further studies 
are required to address this hypothesis. 
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