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Abstract

Mitochondria-associated membranes (MAMs) are structural and functional connection sites between the endoplasmic
reticulum (ER) and mitochondria dynamically connected by many molecules. The MAMs mainly rely on these molecules for
their various functions, and protein complexes are the most important ones. Here, we focus on the intrinsic protein complexes
involved in MAMs of mammalians. Additionally, we summarized some critical information that may be useful for future

research.
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Introduction

Mitochondria and endoplasmic reticulum (ER) are two
organelles with highly complex structures and functions in
a eukaryotic cell that play independent biological roles in
previous studies. However, it was observed in the 1950s and
isolated in 1990 for the first time that there was a connection
between the ER and mitochondria. Afterward, they described
it as the mitochondria-associated membranes (MAMs) [1,2].
Today their composition and function have been investigated
in depth. As a communication platform between ER and
mitochondria, the MAMs are dynamically connected and
perform various functions, mainly relying on a range of
molecules [3]. In particular, the protein complexes located in
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MAMs of mammalian cells are the focus of this review.

IP3R-Grp75-VDAC

IP3R/Grp75/VDAC is the mostimportant and intensively
studied protein complex in MAMs as a marker (Figure 1).
The inositol 1,4,5-triphosphate receptor (IP3R) in the ER
and voltage-dependent anion channel (VDAC) in the outer
mitochondrial membrane (OMM) are the core channels
for Ca2+ transport in MAMs [4,5]. As a member of the heat
shock protein 70 families, Grp75 connects IP3R and VDAC
to maintain structural stability and proper function of the
interaction [6]. The IP3R1 in MAMs is phosphorylated by
glucagon depending on PKA to regulate gluconeogenesis
in the fasting period [7]. Moreover, silencing of Grp75 in
Huh?7 hepatocytes to disrupt MAMs function reduced insulin
signaling [8]. While over-expression of Grp75 to increase
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MAMs contents prevented palmitate-induced ER stress [9].
The sigma-1 receptor (Sig-1R) is a chaperone located on
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MAMs that can affect the Ca2+transport by IP3R to increase
ATP production [10].

Figure 1: Major protein complexes mediated MAMs tethers in mammalian cells.

VAPB-PTPIP51

Recently, the VAPB-PTPIP51 complex was also involved
in ER-mitochondria contact. Vesicle-associated membrane
protein-associated protein B (VAPB) anchors to the ER
membrane by a C-terminal transmembrane domain, and
has a vital role in membrane trafficking, lipid transfer,
and metabolism, unfolded protein response (UPR), and
autophagy [11]. Protein tyrosine phosphatase-interacting
protein 51 (PTPIP51) is a mitochondrial outer membrane
protein interacting with various proteins to perform different
biological functions [12]. Overexpression of either VAPB or
PTPIP51 promotes the ER-mitochondria coupling and Ca2+
transport from ER to mitochondria [13]. The siRNA-mediated
disruption of the VAPB-PTPIP51 interaction decreases
the formation of the MAMs and activates the formation of
autophagosomes [14]. a-Synuclein and glycogen synthase
kinase-3f (GSK-3f) are proteins that exercise a regulatory
function on the complex [13].

BAP31-TOM40

BAP31 and TOM40 are other coupling proteins involved
in MAMs. Located at the ER membrane, B cell receptor-
associated protein 31 (BAP31) is a transmembrane protein
that participates in the endoplasmic reticulum-associated
degradation (ERAD) pathway and apoptosis [15]. Situated in
OMM, the outer mitochondrial membrane 40 (TOM40) is the
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translocation enzyme complex promoting external protein
translocation to mitochondria [16]. The connection of BAP31
and TOM40 facilitates the pre-NDUFS4 transfer from the
cytoplasm to the mitochondria, which increases the nuclear-
encoded mitochondrial protein translocation and oxygen
consumption [17]. Destroying the BAP31-TOM40 complex
of MAMs leads to impaired mitochondrial homeostasis [18].

Conclusion

The protein complexes between the ER and mitochondria
are involved in different biochemical reactions and maintain
the structural stability of the MAMs. The integrity of the MAMs
is fundamental to their biological function. The dysfunction of
MAMs is closely associated with various diseases, including
aging diseases, cardiovascular diseases, infectious diseases,
cancer, and genetic diseases. In particular, the regulation of
glucose metabolism, calcium transport, and autophagy by
MAMs appears to be important in bone regeneration, a topic
that is inextricably linked to dentistry and implantology.
Yet, there is a lack of research in this area. The exploration
of the protein composition of MAMs has contributed to our
understanding of their structural and functional alterations
in disease and provided theoretical support for subsequent
therapy. However, none of these proteins are specific to
MAMs, leading to off-target effects, so the targeted drugs
or detection methods for MAMs to be investigated. What's
more, the protein composition of MAMs is abundant, and
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there are still many new protein complexes to be discovered.
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signaling and is implicated in hepatic insulin resistance.
Diabetes 63(10): 3279-3294.
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