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Lon protease belongs to the family of ATP dependent proteases.
The Lon protease was first characterized by Prof. Alfred Goldberg in
E. coli in 1981 [1]. Since then, it has been found in almost all living
cells except some parasites like Trypanosoma brucei. In eukaryotes Lon
is localized mainly in mitochondria, however peroxisomes as well as
chloroplasts have their own Lon proteases. Although several eukaryotes
can exist without Lon protease, for mammals it is an essential enzyme
whose dysfunction has been identified in a number of diseases.
Downregulation of this key mitochondrial component was observed
in association with aging. Lon protease plays an important role also in
malignant transformation that requires the adaptation to new sources
of energy and is connected to hypoxia. This is the reason why Lon is
highly expressed in aggressive tumors [2].

How does this remarkable protease function? It uses ATP to
promote change to its structure, substrate unfolding and substrate
translocation to its specific proteolytic cavity for degradation. Substrate
recognition and degradation by Lon substantially differs from other
proteolytic enzymes. It does not just recognize a specific cleavage
site, but the first cleavage properly folded, functionally competent
mitochondrial proteins occurs preferentially between hydrophobic
amino acids located within highly charged regions [3]. Lon protease
also possesses a chaperone activity, although not like other ATP-
dependent proteases. It cannot unfold already aggregated proteins
but can participate in assembling of some OXPHOS complexes like
F F, ATPase and cytochrome ¢ oxidase [4]. Lon cooperates with other
mitochondrial chaperones and protects mitochondria against oxidative
stress. In mitochondria it is localized in mitochondrial matrix and
within mitochondrial nucleoid which reflects its protease activity. In
matrix, it is responsible for degrading oxidatively damaged proteins [5]
and also regulates the level of several proteins or protein subunits, thus
maintaining the equilibrium between imported and mitochondrially
synthesized proteins and protein components. In mitochondrial
nucleoid it guarantees the stability of mitochondrial DNA and at the
same time facilitates the dynamics of this large protein - DNA complex
to allow replication and transcription of mitochondrial DNA. Lon also
directly binds mitochondrial DNA [6] specifically to G-rich regions
that can form G-quadruplex secondary structures. The precise role of
this characteristic is not known yet.

The function and level of Lon protease is in vivo tightly regulated
in several different ways and in mammals appears to be organ specific.
This crucial protease is regulated on the level of expression, post-
translational modification and interaction with specific partners like
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chaperones. Moreover, it significantly depends upon conditions in
which the organism is located.

Although Lon protease might be considered the simplest ATP-
dependent protease, consisting of only identical subunits, six in humans
and seven in yeast, this is not the case. Cryo-electron microscopy studies
suggest that Lon has a flexible structure which undergoes rearrangement
when either ATP or ADP is bound. Recently the 3D structure of human
Lon has shown that both protease and ATPase domains form a barrel-
like “head” with pseudo six-fold symmetry. The “head” narrows into a
tight trimeric neck and continues as six Lon monomers forming three
pairs of “legs”, belonging to the N-terminal domain, emerging from the
neck as a trimer of dimers. The manifold arrangements of the existing
structures of Lon’s AP-domain hexamer observed in the presence of an
ATP analogue and ADP reflect its flexibility, which is necessary for its
allosteric operations [7].

Daniela A. Bota and Kelvin J. A. Davies [5] called Lon protease
a Janus-like protein. This association perfectly fits its function. Lon
belongs to the guardians of the healthy and vital cells. Any dysregulation
of such key enzyme has severe consequences for the homeostasis of
cells and leads either to pathological conditions such as cancer or aging
and cell death.
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