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The missing link: inter-organellar connections in
mitochondria and peroxisomes?
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In their review of mitochondrial redox biology in plants,
Graham Noctor et al. [1] discuss the role of stromules
(stroma-filled plastid tubules [2,3]) in the transport of
metabolites and proteins between cellular compartments.
In contrast to their comment that no similar extensions
have been described in mitochondria, we would like to
draw attention to previous research showing that such
protuberances are also common to both mitochondria
and peroxisomes in plants (Figure 1) ([4-7]; and see movies
by Professor Brian E.S. Gunning FRS available from http:/
www.plantcellbiologyondvd.com). Indeed, such membra-
nous extensions have been reported to be emanating from
mitochondria in chick spinal cord [8], from hydrogeno-
somes in trichomonad species [9] and from the apicoplasts
of Sarcocystis, an apicomplexan parasite [10]. These mem-
branous extensions are thus a feature common to endo-
symbiosis-derived organelles and peroxisomes.

Logan et al. reported that mitochondria, in a line
expressing mitochondrial matrix-targeted GFP and homo-
zygous for a T-DNA insertion in DRP3A (encoding an
Arabidopsis dynamin homologue), were larger in size
and fewer in number per cell than in wild type, suggesting
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that DRP3A is involved in mitochondrial division [5,11].
An unexpected consequence of the disruption of DRP3A
was the increased incidence of individual mitochondria
displaying narrow protrusions, usually many micrometres
in length, that we named ‘matrixules’ (following the name
given to stromules). Matrixules are also observed in wild-
type plants, and are similar in both appearance and beha-
viour to the tails formed during peroxisomal elongation as
described by Cutler et al. [4]. Using random GFP:cDNA
fusion proteins to visualize subcellular structures, Cutler
and colleagues showed that peroxisomes can change from a
spherical to an elongate morphology in a few seconds. This
process begins with the production of a short tubular tail,
which then rapidly expands to become longer than the
original organelle (similar morphological changes in mito-
chondria have been recorded, (see Refs [5,7] and supple-
mental movies therein). Interestingly, DRP3A is involved
in both mitochondrial and peroxisomal division in plants
[5,12]. Mutations in this gene lead to peroxisomes with
extended tails or ‘peroxules’ that, in root hairs, can reach
over 50 pm in length [12]. One interpretation of these data
is that matrixules and peroxules might be artefacts of
defective organelle division.

However, given that (i) matrixules, peroxules and
stromules are commonly found in wild-type plants, (ii)
membranous protuberances are common to other endosym-
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Figure 1. Epifluorescence micrographs of matrixules and peroxules in leaf
epidermal cells of stable-transformed Arabidopsis plants (ecotype Columbia)
expressing mitochondrial-target GFP [15] or PEX10-eYFP [7], the plants are
otherwise wild type. (a) Peroxisomes visualized by the expression of membrane
localized PEX10-eYFP. (b) Long matrixules in DRP3A T-DNA knockout line,
mitochondria visualized by expression of mito-GFP. Arrows indicate
protuberances. Scale bars =5 pm.

biosis-derived organelles [9,10], and (iii) stromules are pos-
tulated to play a role in metabolite transport by increasing
plastid surface area, a more intriguing possibility is that all
these structures are involved in similar processes. For
example, during photorespiration, there is a highly coordi-
nated transfer of metabolites between chloroplasts, peroxi-
somes and mitochondria [13]. In sublethal mutants of
PEX10 (which is involved in peroxisome biogenesis) a loss
of physical contact between chloroplasts and peroxisomes
has been linked to photorespiratory defects, indicating that
the shuttling of metabolites is aided by the juxtaposition of
organelles [14]. Short-term increases in the surface area of
all three organelles through the formation of tubules, per-
haps even transient physical interactions between the
respective tubules, might increase the efficiency of inter-
organellar metabolite transfer. Furthermore, it is possible
that these membranous protuberances have more than one
function and that one of these (in mitochondria and plastids)
might be analogous to the role of the filamentous pili
involved in bacterial conjugation — namely the transfer of
genetic material.

As Noctor et al. stated, much remains to be discovered
regarding physical interactions between organelles [1]. We
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do not think it unreasonable to imagine that knowledge of
stromules, peroxules and matrixules will improve our un-
derstanding not only of basic cellular compartmentaliza-
tion, but also of plant biochemistry, organelle genetics, and
of the mechanisms by which plants interact with their
environment.

References
1 Noctor, G. et al. (2007) Mitochondrial redox biology and homeostasis in
plants. Trends Plant Sci. 12, 125-134
2 Kohler, R.H. et al. (1997) Exchange of protein molecules through
connections between higher plant plastids. Science 276, 2039-2042
3 Natesan, S.K.A. et al. (2005) Stromules: a characteristic cell-specific
feature of plastid morphology. J. Exp. Bot. 56, 787-797
4 Cutler, S.R. et al. (20000 Random GFP:cDNA fusions enable
visualization of subcellular structures in cells of Arabidopsis at high
frequency. Proc. Natl. Acad. Sci. U. S. A. 97, 3718-3723
5 Logan, D.C. et al. (2004) ADL2a, like ADL2b, is involved in the control of
higher plant mitochondrial morphology. J. Exp. Bot. 55, 783-785
6 Muench, D.G. and Mullen, R.T. (2003) Peroxisome dynamics in plant
cells: a role for the cytoskeleton. Plant Sci. 164, 307-315
7 Sparkes, I.A. et al. (2005) AtPEX2 and AtPEX10 are targeted to
peroxisomes independently of known endoplasmic reticulum
trafficking routes. Plant Physiol. 139, 690-700
8 Grainger, F. and James, D.W. (1969) Mitochondrial extensions
associated with microtubules in outgrowing processes from chick
spinal cord in vitro. J. Cell Sci. 4, 729-737
9 Benchimol, M. et al. (1996) Morphogenesis of the hydrogenosome: an
ultrastructural study. Biol. Cell 87, 197-205
10 Tomova, C. et al. (2006) New comprehension of the apicoplast of
Sarcocystis by transmission electron tomography. Biol. Cell 98, 535—
545
11 Logan, D.C. (2006) Plant mitochondrial dynamics. Biochim. Biophys.
Acta. 1763, 430-441
12 Mano, S. et al. (2004) An Arabidopsis dynamin-related protein, DRP3A,
controls both peroxisomal and mitochondrial division. Plant J. 38, 487—
498
13 Linka, M. and Weber, A.P.M. (2005) Shuffling ammonia between
mitochondria and plastids during photorespiration. Trends Plant
Seci. 10, 460-465
14 Schumann, U. et al. (2007) Requirement of the C3HC zinc RING finger
of the Arabidopsis PEX10 for photorespiration and leaf peroxisome
contact with chloroplasts. Proc. Natl. Acad. Sci. U. S. A. 104, 1069—
1074
15 Logan, D.C. and Leaver, C.J. (2000) Mitochondria-targeted GFP
highlights the heterogeneity of mitochondrial shape, size and
movement in living plant cells. /. Exp. Bot. 51, 865-871

1360-1385/$ — see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tplants.2007.08.010

Shape-shifters building bridges? Stromules, matrixules
and metabolite channelling in photorespiration

Christine H. Foyer' and Graham Noctor?

"School of Agriculture, Food, and Rural Development, University of Newcastle upon Tyne, Newcastle NE1 7RU, UK
2Institut de Biotechnologie des Plantes, UMR CNRS 8618, Université de Paris XI, 91405 Orsay cedex, France

We are grateful to Scott et al. (see the predecing letter in
this issue) for calling attention to the recent description of
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mitochondrial structures that could be partly homologous
to chloroplast stromules, which were mentioned in our
recent review [1]. The description of such structures in
mitochondria is a potentially exciting development, and we
acknowledge the term ‘matrixule’ introduced by Logan
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