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Functional transition of glyoxysomes 
to leaf peroxisomes is observed 

in greening cotyledons. Glyoxysomal 
proteins are rapidly degraded and leaf-
peroxisomal proteins are transported 
into peroxisomes after cotyledons are 
exposed to light, but the molecular 
mechanisms underlying these processes 
remain unclear. We recently discov-
ered that two degradation pathways are 
involved in the functional transition of 
peroxisomes using Arabidopsis thali-
ana. Lon protease 2 (LON2) is respon-
sible for the degradation of glyoxysomal 
proteins inside peroxisomes, and, in 
parallel, autophagy eliminates dam-
aged or obsolete peroxisomes. A double 
mutant defective in both the LON2- 
and autophagy-dependent degradation 
pathways accumulated glyoxysomal 
proteins after the cotyledons became 
green. Our study also demonstrated 
that the LON2- and autophagy-depen-
dent pathways are interdependent, with 
the chaperone function of LON2 sup-
pressing autophagic peroxisome degra-
dation. Moreover, the peptidase domain 
of LON2 interferes with the suppression 
of autophagy, indicating that autophagy 
is regulated by intramolecular modula-
tion between the proteolysis and chap-
erone functions of LON2.

Peroxisomes are single-membrane 
organelles that are found ubiquitously 
in eukaryotic cells. Several types of per-
oxisomes are found in plants, includ-
ing glyoxysomes and leaf peroxisomes, 
with functions that are responsive to a 
variety of environmental and develop-
mental cues.1,2 In etiolated cotyledons, 

glyoxysomes are responsible for lipid 
metabolism, which produces sucrose as 
the energy source for post-germinative 
seedling growth. Leaf peroxisomes are 
found in photosynthetic tissues and con-
tain glycolate pathway enzymes that are 
important for photorespiration. Etiolated 
cotyledons become green after light 
exposure and glyoxysomes correspond-
ingly transform into leaf peroxisomes.

Two main hypotheses for the func-
tional transition of peroxisomes have 
been discussed since the 1970s. The “one-
population” theory suggests that peroxi-
some transition proceeds in a linear and 
continuous fashion, whereas the “two-
population” pathway proposes a discon-
tinuous, two-step mechanism.3 In the 
one-population hypothesis, glyoxysomes 
directly transform into leaf peroxisomes 
and newly synthesized leaf-peroxisomal 
proteins are transported into peroxisomes 
at the same time as glyoxysomal proteins 
are degraded. In the two-population 
hypothesis, glyoxysomes are eliminated 
and leaf peroxisomes are developed de 
novo. In the mid-1980s, immunoelec-
tron microscopic analysis demonstrated 
that both glyoxysomal and leaf-peroxi-
somal proteins coexist in a peroxisome 
during the functional transition.4,5 This 
indicated that glyoxysomes are directly 
transformed into leaf peroxisomes, as 
proposed in the one-population hypoth-
esis. However, the mechanisms under-
lying the degradation of glyoxysomal 
proteins remain unclear. Recently, we 
revealed that two degradation pathways 
are involved in the functional transition 
of peroxisomes: Lon protease-dependent 
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protein degradation inside peroxisomes, 
and selective degradation of peroxisomes 
via autophagy.6

The aberrant peroxisome morphology 
10 (apem10) mutant was isolated based 
on a characteristic GFP-fluorescence 
pattern, distinct from that in parental 
Arabidopsis plants, observed in plants 
expressing a peroxisome marker, GFP-
PTS1. APEM10 encodes Lon protease 
2 (LON2). In the apem10 mutant, the 
number of peroxisomes decreased sub-
stantially and peroxisomal proteins 
accumulated in the cytosol, indicat-
ing that LON2 plays an important role 
in maintaining peroxisome number. 
Degradation of damaged or obsolete cel-
lular compartments, including peroxi-
somes, occurs via autophagy in a variety 
of organisms.7,8,9 We wished to deter-
mine whether autophagy was implicated 
in the reduction in peroxisome number 
in apem10. Consequently, we analyzed 
a double mutant derived from crossing 
apem10 with peroxisome unusual posi-
tioning 1 (peup1), in which peroxisome 
degradation is arrested due to a defective 
autophagy-related 2 (ATG2) protein.9 
No decrease in peroxisome number was 

observed in the apem10 peup1 double 
mutant. This indicated that excessive 
degradation of peroxisomes occurs in 
apem10 mutants, and that autophagy is 
suppressed by LON2 in the wild type.

Lon protease is involved in the deg-
radation of oxidized and damaged pro-
teins, and belongs to the AAA+ ATPase 
superfamily. The AAA+ ATPase domain 
acts as a molecular chaperone, providing 
the mechanical power needed to unfold 
substrate proteins, and likely acts in con-
cert with the N-terminal domain.10,11,12 
Plants containing LON2 with a muta-
tion in the ATP-binding site in the AAA+ 
ATPase domain (LON2[K414A]) were 
unable to rescue the apem10 phenotype. 
Conversely, a LON2 variant harboring 
a mutation in a conserved residue at the 
active center of the peptidase domain 
(LON2[S783A]) was able to rescue 
the apem10 phenotype.6 These results 
indicated that the chaperone activity 
of LON2 is required for suppression of 
autophagy but that the peptidase domain 
of LON2 is not needed. However, higher 
numbers of peroxisomes were found in 
apem10 LON2[S783A] plants than in 
wild-type plants. This indicates that 

LON2[S783A] oversuppresses autoph-
agy, suggesting that, in the wild-type 
LON2 protein, the peptidase domain 
interferes with the chaperone function to 
modulate autophagy.6

Glyoxysomal enzymes are rapidly 
degraded and newly synthesized leaf-
peroxisomal enzymes are transported 
into peroxisomes during the functional 
transition of glyoxysomes to leaf peroxi-
somes. Our study revealed that glyoxy-
somal enzyme levels decrease in apem10 
and peup1 mutants during the functional 
transition, as in the wild type, indicating 
that single defect in neither the LON2 
nor autophagy affected degradation of 
glyoxysomal enzymes.6 However, gly-
oxysomal enzymes did accumulate in the 
apem10 peup1 double mutant,6 indicating 
that two complementary pathways are 
involved in the elimination of glyoxy-
somal enzymes: LON2-mediated pro-
tein degradation inside peroxisomes, and 
peroxisome degradation via autophagy. 
Glyoxysomal enzymes also accumulated 
in apem10 LON2[S783A], which con-
curs with the autophagy-oversuppression 
phenotype observed in this mutant.6

We propose a new model for the 
functional transition of peroxisomes 
(Fig. 1). During the transformation of 
glyoxysomes to leaf peroxisomes, glyoxy-
somal enzymes inside the peroxisomes 
are degraded by LON2, and newly syn-
thesized leaf-peroxisomal enzymes are 
imported (Fig. 1). Recently, we dem-
onstrated that peroxisomes become oxi-
dized while performing their function, 
and these peroxisomes are selectively 
degraded via autophagy.9 In our model, 
preexisting oxidized glyoxysomes, which 
are exposed to reactive oxygen spe-
cies generated in various peroxisomal 
functions, are selectively eliminated by 
autophagy in parallel with glyoxysomal 
enzyme degradation (Fig. 1). During this 
process, LON2 suppresses autophagy to 
allow some glyoxysomes to escape degra-
dation. Peroxisomes are rapidly degraded 
in the absence of LON2, leading to 
the decreased peroxisome phenotype 
observed in the apem10 mutant.
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Figure 1. new model proposed for the functional transition of peroxisomes. in etiolated cotyle-
dons, glyoxysomal proteins (magenta circles) are synthesized and transported to peroxisomes. 
After light is received, cotyledons become green and the glyoxysomes are transformed into leaf 
peroxisomes. leaf-peroxisomal proteins (green circles) are transported into leaf peroxisomes, 
and glyoxysomal proteins are degraded by lOn2. in parallel, excess or oxidized peroxisomes 
are degraded by autophagy. the chaperone function of lOn2 suppresses autophagy, allowing 
some glyoxysomes to successfully transform into leaf peroxisomes. triangles indicate proteins 
found in both glyoxysomes and leaf peroxisomes. increasing red intensity in the peroxisomes 
represents increasing oxidized levels.
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