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Local regulation of the mitochondrial DNA (mtDNA) transcription within the mitochondria contributes to regulate the respiratory 

activity by sensing the nucleoid distribution. This is a new regulatory respiratory function within the mitochondria. Moreover, the 

coordination of mitochondrial fission and nucleoid trafficking, mediated by dynamin-related protein 1 (Drp1) and ATPase family AAA 

domain-containing protein 3A (ATAD3A), regulates the nucleoid distribution. However, defects in the Drp1-mediated fission results 

in low electron transport chain (ETC) formation due to the low transcription of the mtDNA, while the ATAD3A-mediated nucleoid 

dispersion led to high ETC formation due to the high transcription of the mtDNA. Additionally, the Drp1-MFF-ATAD3A-nucleoid 

cascade mediates the communication between the cytosolic mitochondrial fission and mitochondrial matrix nucleoid function. MFF, 

mitochondrial fission factor.
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Mitochondria are endosymbiotic organelles that evolved 

from α-proteobacteria and still share many similarities with 

free-living organisms. For instance, they continuously move 

within the cells and change shape through spontaneous 

fission and fusion cycles. Furthermore, they have their own 

unique genome which encodes the proteins that form the 

respiratory subunits and other RNAs for mitochondria-specific 

translation. Analogous to the nuclear genome, mitochondrial 

DNA (mtDNA) is also packaged into nucleoids, which appear 

as dot-like structures when observed under a fluorescence 

microscope (Nicholls and Gustafsson, 2018). The amount 

and activity of mtDNA are closely associated with cellular 

bioenergetics through the mitochondrial oxidative phosphor-

ylation. For example, mitochondrial biogenesis increases the 

mtDNA copy number in response to physiological stimuli, 

and this regulation is mediated by the master regulator per-

oxisome proliferator-activated receptor gamma coactivator 

1-alpha (PGC1α) (Gureev et al., 2019). PGC1α induces the 

synchronous expression of nuclear and mitochondrial genes. 

It is believed that the maintenance and expression of mtDNA 

are regulated by receiving nuclear signals, rather than local 

regulation in mitochondria.

 An interesting observation regarding the nucleoid behavior 

is its association with mitochondrial fission. It is known that 

mitochondrial fission and the location of the nucleoids are 

spatially linked at the endoplasmic reticulum (ER)–mitochon-

dria contact site (Lewis et al., 2016). The nucleoids that are 

engaged in replication, spatially mark the mitochondrial divi-

sion at the ER–mitochondrial contact site. The mitochondrial 

fission occurs as a successive event after the mtDNA replica-

tion through the recruitment of the dynamin-related protein 

1 (Drp1), which is a central molecule for mitochondrial fis-

sion. Defects in the Drp1 activity induces nucleoid clustering 

in the mitochondrial matrix, called as a mitobulb (Ban-Ishiha-

ra et al., 2013). However, considering that Drp1 is exclusively 

localized in the cytosol, it is unknown how Drp1 recognizes 

and influences the nucleoids within the mitochondrial matrix 

across the double membrane.

 Ishihara et al. (2022) provided a new insight into this 

perspective. They discovered that the ATPase family AAA 

domain-containing protein 3A (ATAD3A) is the molecule that 

links the spatial regulation of the cytosolic fission and matrix 

nucleoid function. They revealed that the mitochondrial fis-

sion factor (MFF), which acts as a receptor for Drp1 in the 

outer membrane, and nucleoids in the matrix can interact 

with the inner membrane-anchored protein, ATAD3A. It is 

well-known that the ATAD3A protein influences the cris-

tae morphology, mtDNA replication, and cholesterol levels 

(Arguello et al., 2021; Peralta et al., 2018). They discovered 

that ATAD3A is required for the formation of the mitobulb 

in Drp1-deficient cells, which suggests that ATAD3A-mediat-

ed nucleoid trafficking is necessary for nucleoid distribution 

(Ishihara et al., 2022). What is the physiological role of the 

morphology and dynamics of the nucleoid? The dispersed 

nucleoids in ATAD3A-deficient cells were more efficient at 

transcribing genes encoding the respiratory subunits. Fur-

thermore, the decreased biogenesis of the respiratory subunit 

chain due to fission arrest was rescued through ATAD3A 

inactivation. These results indicate that the proper nucleoid 

distribution is important for respiratory function. Coordina-

tion of mitochondrial fission and the nucleoid dispersion is 

mediated by the Drp1-MFF-ATAD3A-nucleoid cascade that 

relays communication between the cytosol and mitochondrial 

matrix. It has become evident that there is a local regulatory 

process that occurs within mitochondria, sensing the internal 

nucleoid distribution, rather than simply receiving the signals 

by the nucleus for mtDNA transcription.

 The new findings in this study have raised many intriguing 

questions for further investigation. Are there any permissive 

mechanisms that allow ATAD3-mediated nucleoid traffick-

ing? More specifically, are structural changes in the mito-

chondrial cristae required for nucleoid dispersion? This is es-

pecially significant because previous research has shown that 

both Drp1 and ATAD3A help to remodel the inner membrane 

and/or cristae of mitochondria (Cho et al., 2017; Peralta et 

al., 2018). The Drp1- and ATAD3A-dependent remodeling of 

the inner mitochondrial compartment may be a permissive 

requirement for the enhanced nucleoid dispersion within the 

mitochondrial matrix. In addition, given that the mtDNA rep-

lication and transcription are inversely connected (Agaronyan 

et al., 2015), does the nucleoid trafficking have an impact on 

mtDNA replication? Could the appropriate nucleoid traffick-

ing have a role in nucleoid/mitochondrial quality control? An 

in-depth analysis of these and related questions will facilitate 

an increased understanding of why and how the mitochon-

drial matrix and exterior cytosolic environment of the mito-

chondria are closely linked.
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