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The voltage-dependent anion channels (VDACs), known as a major group of outer mitochondrial membrane proteins,
are present in all eukaryotic species. In mammalian cells, they have been established as a key player in mitochondrial
metabolism and apoptosis regulation. By contrast, little is known about the function of plant VDACs. Recently, we
performed functional analysis of all VDAC gene members in Arabidopsis thaliana, and revealed that each AtVDAC
member has a specialized function. Especially, in spite of similar subcellular localization and expression profiling of
AtVDAC2 and AtVDAC4, both the T-DNA insertion knockout mutants of them, vdac2–2 and vdac4–2, showed severe
growth retardation. These results suggest that AtVDAC2 and AtVDAC4 proteins clearly have distinct functions. Here, we
introduced the AtVDAC2 gene into the vdac2–2 mutant, and demonstrated that the miniature phenotype of vdac2–2
plant is abolished by AtVDAC2 expression.

The voltage-dependent anion channels (VDACs), one of the most
abundant proteins in outer mitochondrial membrane (OMM),
are thought to mediate the transport of metabolites between
mitochondria and the cytoplasm.1 The functional analysis of
VDACs has been extensively studied in animals, and now it is
recognized that VDAC is involved in many physiological and
pathological processes such as male reproduction, the central
nervous system, glucose homeostasis, and mitochondrial-mediated
apoptosis.2,3 In contrast, physiological significance of plant
VDACs is not well known.1 Recently, we have performed func-
tional analysis of the plant VDACs and revealed that some of
Nicotiana benthamiana VDAC members and Arabidopsis thaliana
AtVDAC1 are involved in plant innate immunity through
regulation of hydrogen peroxide production.4,5 Moreover, we
demonstrated, through characterization of all Arabidopsis VDAC
members (AtVDAC1 to AtVDAC4), that plant VDACs were also
important for vegetative and reproductive growth.5 According to
the phylogenetic analysis, dicotyledonous plant VDACs are clearly
classified to two groups: One group is formed by AtVDAC1 and
AtVDAC3, the other by AtVDAC2 and AtVDAC4. The former
retains the conserved eukaryotic mitochondrial porin signature
(MPS) and localizes only in the mitochondrion, while the latter
has divergent MPS motif and localizes not only in mitochondria
but also in other organelle. In addition, the latter VDACs’
expression profiles were almost similar.5 We, therefore, thought
that AtVDAC2 and AtVDAC4 have a redundant function
in planta. However, T-DNA knockout mutant of AtVDAC2,

vdac2–2, showed retarded growth and abnormal pollen deve-
lopment even if AtVDAC4 gene was highly expressed. Moreover,
some of the stress marker genes including PR (pathogenesis-
related) genes are constitutively expressed in normal growth
condition. The AtVDAC4 knockout plant, vdac4–2, showed a
similar phenotype with vdac2–2.5 To confirm that the absence
of AtVDAC2 is the real causal factor for the severe retarded
growth observed in vdac2–2, we have generated the comple-
mentation plant using a heterozygous T-DNA insertion mutant
(VDAC2/vdac2–2) because the homozygous knockout mutant
(vdac2–2/vdac2–2) did not set fertile seed. And yet, we selected
the vdac2–2/vdac2–2 plant expressing HA-tagged VDAC2
(described as a 35S::VDAC2-HA/vdac2–2) via self-pollination
of the VDAC2/vdac2–2 heterozygous plant expressing VDAC2-
HA. As shown in Figure 1, T-DNA insertion was confirmed
in vdac2–2 as well as in 35S::VDAC2-HA/vdac2–2 plant (C),
and also AtVDAC2 RNA expression were at null levels (E). In
35S::VDAC2-HA/vdac2–2 plant expressing VDAC2-HA (D), the
growth retardation was recovered and the abnormal expression of
AtPR1 gene was totally attenuated (B, E).

Some of the plant VDACs could compromise VDAC1-
disrupted yeast phenotype.7,8 Overexpression of rice OsVDAC4
induces apoptosis in the Jurkat T-cell line, which can be blocked
by Bcl-2 protein.9 These findings strongly suggest that VDACs
share some common function in eukaryotes. Therefore, we
were surprised that AtVDAC2 and AtVDAC4 have distinct
function in A. thaliana. It is likely that they form a heterocomplex
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and act as multifunctional channels depend on the site
of organelle localization because they show the loose mito-
chondrial localization. Mammalian VDACs, once thought to
be exclusively located in the OMM, are localized to non-
mitochondrial cell compartments such as plasma membrane
and endoplasmic reticulum.10,11 In plant VDACs also seem
to localize in mitochondria, however, some of the Lotus
japonicus VDACs are localized in small vesicles at the cell
periphery.7 Maize VDAC identified as a sucrose synthase
(SUS)-interacting protein is localized not only in mitochondria
but also in nuclei along with SUS.12 These evidences imply

that VDACs have more novel functions. Further studies are
needed.
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Figure 1. Complementation analysis of AtVDAC2 knockout plant, vdac2–2. (A) Schematic structures of AtVDAC2 genomic DNA (top) and HA-tag fused
AtVDAC2 construct cloned into pPZP2H3a (+) vector used for making the complementation plant (bottom). Arrows show the positions and orientations
of the primers used in PCR (5’F; 5’- GTCGTAATTCTTCTATCTTGATATCTT -3’ and 3’R; 5’- GCGGAACTATTTATTGATTCCA -3’). Arrowhead shows the T-DNA
insertion site in vdac2–2. Filled boxes, exons; open regions, untranslated regions; black lines, introns. (B) Phenotypes of Col-0, vdac2–2 and 35S::VDAC2-
HA/vdac2–2 plants. All plants were grown at 22°C on 1/2 MS plate for 20 d with 16h light /8h dark condition. Transgenic seeds were selected by 1/2 MS
plate with Hygromycin and BASTA, and the other method was followed as described previously.5 (C) Confirmation of the T-DNA insertion by genomic
PCR analysis in Col-0, vdac2–2 and 35S::VDAC2-HA/vdac2–2 plants. The homozygous line was identified using the left border primer of the T-DNA (LB) and
the gene-specific primer (3’R). (D) VDAC2-HA protein detected in 35S::VDAC2-HA/vdac2–2 plants. Total proteins were extracted from 16 d-old plants
according to the method by Chinchilla et al.6 VDAC2-HA protein was detected by anti-HA antibody (Roche, Switzerland). (E) RT-PCR analysis of AtVDAC2
and AtPR1 genes in Col-0, vdac2–2 and 35S::VDAC2-HA/vdac2–2 leaves. AtAct2 is used as a loading control. The primers information was described
previously.5
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