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ENZYMES

The two roles of complex lll in

plants

Atomic structures of mitochondrial enzyme complexes in plants are

shedding light on their multiple functions.

HANS-PETER BRAUN

Related research article Maldonado M,
Guo F, Letts JA. 2021. Atomic structures of
respiratory complex Ill;, complex IV and
supercomplex lll,-IV from vascular plants.
eLife 10:e62047. doi: 10.7554/eLife.62047

very year land plants assimilate about

120 billion tons of carbon from the atmo-

sphere through photosynthesis
(Jung et al., 2011). However, plants also rely on
respiration to produce energy, and this puts
about half the amount of carbon back into the
atmosphere (Gonzalez-Meler et al., 2004).
Mitochondria have a central role in cellular respi-
ration in plants and other eukaryotes, harboring
the enzymes involved in the citric acid cycle and
the respiratory electron transport chain.

The basic functioning of mitochondria is
highly conserved across evolution. In plants,
however, these organelles perform additional
roles linked to photosynthesis (Millar et al.,
2011). In particular, under certain conditions
they employ enzymes called alternative oxidore-
ductases, which may help to reduce the forma-
tion of reactive oxygen species
(Vanlerberghe, 2013).

The mitochondrial electron transport chain is
similar in plants, fungi and animals, where it is
formed of four enzyme complexes — complex |,
II, Il and IV — as well as further components such
as cytochrome c and the lipid ubiquinone. In
plants, alternative oxidoreductases are also

involved. The structure and function of the com-
plexes | to IV have been extensively investigated
in animals and fungi, but less so in plants. Now,
in eLife, Maria Maldonado, Fei Guo and James
Letts from the University of California Davis pres-
ent the first atomic models of the complexes llI
and IV from plants, giving astonishing insights
into how the mitochondrial electron transport
chain works in these
(Maldonado et al., 2021).

For their investigation, Maldonado et al. iso-
lated mitochondria from etiolated mung bean

organisms

seedlings; the protein complexes of the electron
transport chain were then purified, and their
structure was analyzed using a new experimental
strategy based on single-particle cryo-electron
microscopy combined with computer-based
image processing (Kuhlbrandt, 2014). The team
used pictures of 190,000 complex | particles,
48,000 complex lll; particles (lll, is the dimer
formed by complex Ill), and 28,000 particles of a
supercomplex consisting of complexes Ill, and
IV. Average structures of all three types of par-
ticles were calculated with resolutions in the
range of 3.5 Angstroms, which allow side chains
of amino acids to become visible. Finally, the
amino acid sequences of the protein subunits
were fitted into the structures, generating mod-
els of the protein complex at atomic resolution.
Results of this experimental approach on a large
subcomplex of plant complex | have been pub-
lished before, and they revealed an extra
functional module that may be relevant when
cellular respiration takes place alongside photo-
synthesis (Maldonado et al., 2020). This
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Figure 1. Reactions catalyzed by complex lll; in plant mitochondria. Complex lll; is an enzyme complex
embedded in the inner membrane (light gray band) that separates the matrix (top) and the inter-membrane space
(IMS; bottom) in mitochondria. One of the reactions it catalyzes is an oxidoreduction, where two molecules of
ubiguinol (QH,) are sequentially converted into ubiquinone (Q), two pairs of protons are released into the
mitochondrial intermembrane space (IMS), and two pairs of electrons are transferred onto complex Ill,. Two of
these electrons are sequentially transferred onto cytochrome ¢ (cyt ¢), while the other two electrons are used to
convert one molecule ubiquinone into ubiquinol. The latter step is linked to the uptake of two protons from the
mitochondrial matrix. The overall reaction results in protons being translocated across the inner mitochondrial
membrane, which is a key process in cellular respiration. However, in plants, complex Ill, is also involved in

another reaction: it helps mitochondrial preproteins mature by removing the import sequence necessary for their

movement into the compartment (top).

Image credit: Shape of the complex lll, is adapted from Maldonado et al., 2021.

suggests that complex | has additional roles in
plants.

Now, the atomic models for plant
complex lll; and the supercomplex lll,-IV indi-
cate that these share highly conserved features
with the corresponding animal and fungi struc-
tures. The plant complex IV, for instance, which
had never been precisely defined so far, consists
of 10 protein subunits that are all homologs of
animal and fungi complex IV subunits. Similarly,
plant complex lll;, which is formed of a pair of
10 subunits, much resembles its animal and fungi
counterparts, and performs a similar role in cel-
lular respiration (Figure 1).

However, at the same time, complex Il is
special in plants because it also includes the
activity of the mitochondrial processing pepti-
dase (MPP for short), an enzyme which cleaves
off the transit sequences that help to import cer-
tain preproteins into mitochondria (Braun et al.,

1992; Eriksson et al., 1994; Figure 1). For the
very first time, structural details of the two MPP
subunits of plant complex lll; are presented,
showing that they form a large central cavity
with a negative surface that is probably essential
for preprotein binding. The structural model also
includes a catalytic zinc ion at the active site of
the subunit which cleaves the preproteins. In
addition, compared to similar protein subunits in
animal or fungi complex lll,, the plant MPP sub-
units are more stably connected to the remain-
ing complex lll; subunits. Finally, Maldonado
et al. offer further structural insights into the
functioning of complex IV and supercomplex Ill,-
IV, which provide clues as to the way their
enzyme activities take place.

Overall, the bifunctionality of complex lll, in
plants may be another example that mitochon-
dria work differently in the context of photosyn-
thesis. Indeed, the way MPP is attached to

Braun. elLife 2021;10:€65239. DOI: https://doi.org/10.7554/eLife.65239

20f3


https://doi.org/10.7554/eLife.65239

ELife Insight

complex lll reflects that the presence of chloro-
plasts makes it more complicated for proteins to
be transported and processed within plant cells.
The atomic models revealed by Maldonado
et al. will help further genetic and biochemical
investigations into the physiology of the mito-
chondrial electron transport chain of plants.
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