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Peroxisome proliferation and dynamics
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Chapter 1

Abstract
Peroxisomes are organelles occurring in almost all eukaryotic organisms. Their structure is
relatively simple - peroxisomes are composed of a single membrane enclosing a matrix containing
a variety of enzymes. This rich enzymatic content makes peroxisomes important players in various
cellular pathways. The hallmark of peroxisomes is their ability to dynamically adapt to changing
conditions by adjusting their size, number and enzyme components. In yeast peroxisomes are
formed either by fission of pre-existing ones or by a de novo pathway involving the endoplasmic
reticulum. An organelle inheritance system exists that allows delivery of peroxisomes to nascent
buds. In this chapter the current knowledge of the molecular mechanisms involved in peroxisome
formation and inheritance in yeast is summarized.
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Introduction
Eukaryotic cells contain morphologically and functionally diverse compartments called
organelles. These membrane-bound structures provide specific micro-environments for
distinct chemical reactions to take place, allowing co-existence of different processes within a
cell. Peroxisomes form a functionally important class of organelles and are present in almost all
eukaryotic cells. They consist of a single lipid bilayer enclosing the proteinaceous matrix filled
with various enzymes. As peroxisomes do not contain DNA, all their components are encoded
by nuclear DNA and synthesized in the cytosol. Peroxisomes are highly dynamic in their nature
- they are able to adjust their number, size and enzyme content in response to internal and
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environmental stimuli.
A general function of peroxisomes is providing a compartment for metabolic reactions that lead
to the formation of reactive oxygen species (ROS). Peroxisomes contain oxidases producing
hydrogen peroxide, which is subsequently decomposed by an enzyme called catalase, residing
in the peroxisomal matrix as well. Yeast peroxisomes are mainly specialized to metabolize
unusual carbon and nitrogen sources such as oleic acid, methanol, D-amino acids and purines
[1]. Proliferation of peroxisomes is strongly induced upon a shift of glucose-grown yeast cells to
media containing one of these components as sole carbon or nitrogen source. Other examples
of specialized functions of peroxisomes include the synthesis of plasmalogens and bile acids
in human [2]. In plants they are implicated in the glyoxylate cycle and photorespiration [3].
Interestingly, in mammals peroxisomes are also involved in some non-metabolic functions such
as providing antiviral innate immunity [4].
Biogenesis of peroxisomes is dependent on PEX genes. Over 35 PEX genes have been functionally
analyzed revealing that most of them are implicated in the import of matrix enzymes. Other PEX
genes are required for the insertion of peroxisomal proteins in the membrane or in the regulation
of size and number of these organelles. The importance of peroxisomes in humans is highlighted
by occurrence of severe disorders caused by their dysfunction, which may be an effect of either a
mutation in one of the PEX genes (Peroxisomal Biogenesis Disorders - PBDs) or caused by single
peroxisome enzyme deficiencies. Yeast offer an ideal model system for studies of peroxisome
biogenesis, as, in contrast to human, mutations in PEX genes are not lethal in these organisms.
The molecular mechanisms involved in the biogenesis of peroxisomes are currently under debate.
One of the models explaining peroxisome formation states that they are autonomous organelles
able to undergo self-replication (similarly to mitochondria and chloroplasts). However, emerging
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studies support an alternative model proposing that peroxisomes belong to the endomembrane
system and may form de novo from the endoplasmic reticulum (ER) membrane. In this chapter we
present an overview of our current knowledge on peroxisome formation and inheritance in yeast.
Peroxisome proliferation by growth and fission
According to the classical model of peroxisome proliferation, these organelles form by growth
and fission of pre-existing ones [5]. Peroxisomes may also form de novo from the ER [6], however,
it is still debated whether this process occurs at normal conditions in wild type (WT) cells or only
in mutant cells that temporarily lack peroxisomes (e.g. due to an inheritance defect).
The model of peroxisome growth and fission proposes that peroxisomes increase their size
by importing newly synthesized matrix proteins from the cytosol, which is accompanied by
incorporation of membrane lipids and peroxisomal membrane proteins (PMPs). When peroxisomes
reach a certain size, their division is initiated. This process requires an orchestrated action of a
set of proteins and takes place in three subsequent steps: organelle elongation, constriction and
scission (Figure 1, steps 2-5).

Figure 1. A hypothetical model of peroxisome proliferation and inheritance in yeast. In WT yeast cells peroxisomes
proliferate mainly by growth (step 2) and fission (steps 3 - 5) of pre-existing organelles. Pex11 is considered a key component of the peroxisome fission machinery as it is implicated in different stages of this process. Peroxisomes may also form
de novo from the ER, especially in cells temporarily devoid of these organelles (step 1). A newly formed peroxisome may
be either retained in the mother cell (step 6) or transferred to the nascent bud (step 7) during cell division. Inp1 and Inp2,
respectively, are involved in these events.

18

Introduction: peroxisome proliferation and dynamics

Pex11 is a key player in peroxisome fission as it is involved in the elongation of peroxisomes as
well as in the final step of membrane scission [7,8]. Pex11 is the most abundant protein of the
peroxisomal membrane [9]. Its N-terminal amphipathic α-helix (Pex11-Ampf) has been shown
to have the ability to induce membrane curvature leading to membrane tubulation [10]. Recent
studies in fungi have suggested that Pex11-Ampf oligomerization constitutes a prerequisite
for membrane curvature [11]. This supports previous indications of a role of human Pex11β
oligomerization in membrane remodeling [12]. Pex11 has been shown to be phosphorylated
in different yeast species, however, the function of this post-translational modification is not
conserved, because phosphorylation of Pex11 leads to stimulation of peroxisomal fission in
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Saccharomyces cerevisiae [13] and Pichia pastoris [14], but not in Hansenula polymorpha [15].
Next to the involvement in proliferation of peroxisomes, Pex11 was suggested to play a role in
transport processes. Data obtained in S. cerevisiae indicates that Pex11 is important for transfer
of medium chain fatty acids across the peroxisomal membrane [16]. Recent studies have
revealed that Pex11 forms a non-selective pore that serves in exchanging metabolites across
the peroxisomal membrane. Interestingly, phosphorylation of Pex11 affects its pore-forming
activity and regulates the rates of β-oxidation [17]. Also, Pex11 levels are strongly linked to the
rate of peroxisomal β-oxidation. In the absence of Pex11 this process is nearly fully blocked while
overproduction of Pex11 leads to an increase of the β-oxidation rate [16].
Even though the yeast machinery responsible for the organelle constriction process is yet
unknown, several proteins implicated in the final step of membrane scission were identified. These
proteins include members of the dynamin related proteins (DRPs) family. DRPs are large GTPases
that contain three conserved domains: a GTPase domain, a middle domain and a GTPase - effector
domain [18]. The DRPs Vps1 and Dnm1 are important for peroxisome fission in S. cerevisiae [19],
whereas in H. polymorpha only Dnm1 is a crucial protein involved in peroxisome fission [20].
Interestingly, the N-terminal domain of Pex11 can function as GTPase activation protein (GAP)
for Dnm1 [8].
Incorporation of membrane lipids
Yeast peroxisomes lack phospholipid biosynthesis enzymes, therefore, peroxisomal membrane
lipids have to be delivered to these organelles from other sources. Most of the peroxisomal
membrane lipids are synthesized at the ER. Studies using S. cerevisiae revealed that other
organelles are involved as well, because phosphatidylethanolamine can be delivered to
the peroxisomal membrane additionally from mitochondria and the Golgi apparatus [21]. A
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mitochondrial origin of membrane lipids is also suggested by the observation that peroxisomal
membranes isolated from P. pastoris contain cardiolipin, which is synthesized exclusively in
mitochondria [22].

Figure 2. A hypothetical model of peroxisome membrane formation. Class I PMPs are inserted into the peroxisomal
membrane via the Pex3/Pex19 complex (1). The remaining PMPs comprising class II may be inserted by other protein/protein
complex (2) that has to be yet identified. The ER may serve as a lipid source for the growing peroxisomal membrane by
their delivery either in form of ER-derived vesicles (4) or via contact sites (5). PMPs of class II may also traffic through the
ER and exit that compartment in form of vesicles, which then could fuse with the pre-existing peroxisome, delivering both
proteins and lipids to the growing peroxisomal membrane (3).

Two mechanisms of lipid transport to peroxisomes have been proposed. One of them implies that
lipids reach the peroxisomal membrane in vesicles that pinch off from other cellular membranes
(Figure 2, step 4). Such vesicular transport was reported for Yarrowia lipolytica [23]. Another
possibility is that lipids are delivered to peroxisomal membranes via non-vesicular transport.
It was first shown by the Prinz’ group that lipids can be directly transferred from the ER to
peroxisomes [24]. Non-vesicular lipid transport possibly takes place at membrane contact sites
(MSCs) (Figure 2, step 5). MCSs are regions where two membranes come into close apposition,
enabling exchange of small molecules between the two compartments [25]. Peroxisomes form
contact sites with different membranes. Possibly, these regions may serve as sites facilitating
transport of lipids.
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So far, two contact sites between the ER and peroxisomes (EPCONS - ER-Peroxisome CONtact
Site) have been identified in yeast. One of them has been described as a tether involving Pex3
protein that is present both at the ER and at peroxisomal membrane. Pex3 localized to these two
compartments is bridged by a peripheral peroxisomal protein Inp1 [26]. This contact site has a
well-established role in peroxisome retention in the mother cell during cell division. However,
it cannot be excluded that it may also contribute to lipid transfer allowing expansion of the
peroxisomal membrane.
Pex30 is a component of the second known yeast EPCONS and forms a complex with three
reticulon-like proteins localized at the ER: Rtn1, Rtn2 and Yop1. This EPCONS has been proposed
to serve as site of de novo peroxisome biogenesis enabled by changes in the ER architecture,
triggered by the reticulon-like proteins [27,28]. Apart from this function, this contact site is a
good candidate to serve as site providing pre-existing peroxisomes with lipids. This is evident
for mammals, where interactions between peroxisomes and the ER are required for the synthesis
of several lipids. The peroxisomal membrane protein ACBD5 (acyl-coenzyme A–binding domain
protein 5) has been reported to act as a tether that interacts with the ER protein VAPB (vesicleassociated membrane protein-associated protein B) [29,30]. ACBD5 belongs to the ACBD family,
characterized by the presence of an acyl-CoA binding domain. The ACBD5/VAPB association leads
to the formation of MCSs between peroxisomes and the ER which facilitate transport of lipids,
required for the growth of the peroxisomal membrane and plasmalogen synthesis. Recently,
an additional ER-peroxisome tethering complex has been described, namely ACBD4/VAPB [31].
ACBD4 is a member of the same family as ACBD5 and displays sequence similarity restricted to
the acyl-CoA binding domain. The presence of distinct types of tethers may reflect different roles
fulfilled by their components. Considering a probable role of contact sites in mediating molecule
transfer, differences between protein content of those contact sites may serve to extend the range
of substrate specificity.
In S. cerevisiae two contact sites between the peroxisomes and mitochondria have been
described. First, peroxisomes were observed to localize in proximity to the ERMES complex (ERMitochondria Encounter Structure) and sites of mitochondrial acetyl-CoA synthesis [32]. In line
with this observation, a genome-wide high-content microscopy study resulted in the identification
of physical contacts between peroxisomes and mitochondria, which involve the interaction
between Pex11 and Mdm34, a mitochondrial component of ERMES [33]. Recent systematic studies
aiming at identifying novel organelle contacts have also revealed the occurrence of a peroxisomemitochondria contact site (PerMit), which is mediated by at least two tethers. One of these tethers
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contains a mitochondrial protein Fzo1, and the other, a peroxisomal membrane protein Pex34 [34].
Their interacting partners at the opposing membranes are not yet known. These contacts serve
as sites for metabolite exchange between the two compartments during β-oxidation. Although
there is no evidence pointing to a role of PerMit in membrane lipid transfer, such function cannot
be excluded and may be important to provide the peroxisomal membrane with cardiolipin.
Formation of peroxisomes de novo
Even though fission seems to be a prevailing mode of peroxisome formation, at least in WT
yeast cells, there is data suggesting that peroxisomes may be also formed de novo from the ER
(Figure 1, step 1). The first observation linking peroxisome biogenesis with the ER was made in
Y. lipolytica. In this yeast Pex2 and Pex16 are N-glycosylated suggesting their trafficking to the
peroxisomal membrane through the ER compartment [35]. Biogenesis of peroxisomes from the
ER was supported further by in vitro budding assays demonstrating that vesicles containing PMPs
can bud from the ER [36,37]. The formation of vesicles in vitro required ATP, cytosolic factors and
Pex19 [36], but was independent of Pex3 [37]. Although not yet experimentally proven in vivo,
such ER derived vesicular structures could subsequently fuse with each other, with pre-existing
peroxisomes or grow into mature organelles.
Most of the evidence for the ER involvement in peroxisome biogenesis comes from the studies
of Pex3- or Pex19-deficient yeast strains, which had been long considered to be devoid of any
peroxisomal membrane structures. It was shown that upon reintroduction of the missing genes
the peroxisome population could be restored in these mutants. Because newly produced Pex3
in S. cerevisiae was spotted at the ER before reaching peroxisomes, the ER was indicated to be
the most probable template for formation of peroxisomes de novo [6,38]. The ER involvement in
peroxisome formation in S. cerevisiae was further supported by the identification of a Pex3 domain
responsible for targeting of this PMP to the ER. There, Pex3 accumulates at specialized regions
where the formation of peroxisomes commences [39]. Another study revealed that a large set of
PMPs localizes to the ER in S. cerevisiae [40]. These authors propose that PMPs exit the ER in two
types of membrane vesicles which develop into metabolically active peroxisomes upon fusion and
subsequent import of matrix enzymes from the cytosol. However, these observations should be
interpreted carefully, keeping in mind that the studied proteins were expressed under control of
strong promoters. It is known that overproduction of proteins often leads to their mislocalization
to different cellular compartments [41]. In line with this, PMPs have not been so far reported to
reside at the ER in WT cells in normal conditions. It is under debate whether Pex3 and other PMPs
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always traffic to peroxisomes through the ER. Results obtained for mammalian cells indicate that
newly synthesized Pex3 targets pre-existing peroxisomes directly [42].
The de novo formation model has been also challenged by recent findings related to preperoxisomal vesicles (PPVs) - structures that are present in Pex3-deficient mutants of H.
polymorpha [43]. These vesicles contain a subset of PMPs and mature into functional peroxisomes
upon reintroduction of Pex3. The fact that PPVs are located in close proximity of the ER may
have led to previous incorrect conclusions about the ER localization of some of the tested PMPs.
Detailed electron microscopy analysis showed clearly that these structures are separate from
the ER compartment. However, it is still a plausible option that PPVs originate from the ER. PPVs
have also been observed in Pex3-deficient S. cerevisiae cells (this thesis, Chapter 2, [44]). Joshi
and colleagues proposed that PPVs originate from domains of the ER, to which Pex30 localizes
specifically [45]. Interestingly, these Pex30-enriched domains also represent sites of lipid droplet
biogenesis [46]. Recently, the (ESCRT)-III (endosomal sorting complexes required for transport)
machinery has been shown to perform the scission step necessary to release pre-peroxisomal
structures from the ER [47].
It is possible that in other species de novo formation plays a more prominent role in peroxisome
biogenesis, as was often reported for higher eukaryotes [48,49]. Recent results point out the
possibility of the involvement of mitochondria in the process of peroxisome biogenesis in human
cells. Sugiura and colleagues proposed that peroxisomes form as a result of fusion between two
types of vesicles - one derived from the ER and the second originating from mitochondria [50].
PMPs sorting and insertion
The mechanisms of peroxisomal proteins insertion into the membrane are unknown. It is still
under debate whether PMPs are directly inserted into the membrane upon their synthesis in the
cytosol or they traffic via the ER.
According to the classical model, Pex19 acts as a soluble receptor for a variety of proteins that
belong to the class I of PMPs. The C-terminal α-helical domain of Pex19 binds class I PMPs at
their membrane targeting signal (mPTS) [51]. This receptor-cargo complex is then recruited
to the peroxisomal membrane by Pex3, which is a docking site for Pex19, interacting with its
N-terminal region [52,53]. Next, class I PMPs are inserted into the membrane via a yet unresolved
mechanism (Figure 2, step 1). Class II PMPs are not recognized by Pex19. Yeast peroxins that
are found within the second class of PMPs include Pex3 and Pex22. Pex3 contains peroxisomal
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targeting information within its N-terminal domain. This region of Pex3 does not interact with
Pex19 [52] and shares similarity with the N-terminal part of Pex22. When the N-terminal domain
of Pex3 was replaced by the one of Pex22, no functional implications were observed in terms
of Pex3 targeting and its role in peroxisome formation [54]. These findings confirm that Pex3
and Pex22 share an mPTS of the same nature that enables Pex19-independent targeting to the
peroxisomal membrane. The machinery involved in recognition and recruitment of class II PMPs
to the peroxisomal membrane may require proteins which have to be yet identified (Figure 2,
step 2). An alternative possibility for Pex19-independent PMPs sorting is their trafficking to the
peroxisomal membrane via the ER, mediated by ER-derived vesicles. Class II PMPs could enter
the ER and then pinch off from the ER membrane as vesicles that could subsequently fuse with
the growing peroxisomal membrane (Figure 2, step 3).
ER-derived vesicles have been described as precursors of mature peroxisomes in a model
proposed by van der Zand and colleagues. The model implies that all PMPs first sort to the ER and
next exit this compartment in form of two types of vesicles. The vesicles contain the components
of either the docking complex or the RING finger complex of the peroxisomal importomer. In
this scenario, Pex3 and Pex19 were suggested to function in the release of the vesicles from the
ER. Subsequently, the distinct vesicles fuse with each other - a process dependent on Pex1 and
Pex6. This leads to the assembly of the complete and functional importomer followed by import
of matrix proteins [55].
A possible origin of peroxisomes from the ER is suggested by the fact that the PMPs Pex2 and Pex16
of Y. lipolytica undergo N-glycosylation [35] - a posttranslational modification that is restricted to
the ER lumen. Therefore, it was proposed that YlPex2 and YlPex16 most probably traffic via the ER
on their way to peroxisomal membrane. The mechanism of PMPs insertion into the ER membrane
still needs to be evaluated since there is conflicting data regarding dependence of this process
on the key component of protein translocation machinery from the ER, namely Sec61 [40,56].
Even though evidence exists for the majority of the PMPs to be inserted into the peroxisomal
membrane directly from the cytosol, we cannot ignore the fact that some PMPs may traffic via
the ER. The details of peroxisomal membrane protein assembly mechanisms need to be further
investigated. Figure 2 represents a hypothetical model illustrating possible sorting pathways for
PMPs and lipids.
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Inheritance
Yeast have to replicate their organelles and partition them between mother and daughter
cells during cell budding. This process ensures that the mother cell keeps a necessary copy
of organelles while the nascent cell obtains its fair share as well. The process of peroxisome
inheritance can be, therefore, divided into two different actions, which are organelle retention
and transport, involving different factors, such as motor, anchor and adaptor proteins.
Retention of peroxisomes in yeast mother cells is facilitated by a peripheral peroxisomal protein
- Inp1 (Figure 1, step 6). Inp1 serves as an anchor connecting peroxisomes to the cell periphery,
facilitating their retention in the mother cell during cell division. This role is accomplished by
tethering peroxisomes to the ER, that occurs via the Inp1- Pex3 interaction [26]. Overexpression of
INP1 resulted in the absence of peroxisomes in most of the newly formed buds. On the other hand,
deletion of INP1 led to the presence of mother cells devoid of peroxisomes [57]. This disturbed
distribution of peroxisomes, in cells overproducing or lacking Inp1, points to the importance
of Inp1 in the process of peroxisome segregation between mother and daughter cells during
budding. Interestingly, studies in H. polymorpha revealed that deletion of PEX11 resulted in a
similar retention defect as the one observed in the inp1 mutant cells. During growth on glucose,
all the peroxisomes were transferred to the buds of pex11 mutant cells, rendering mother cells
devoid of these organelles. This suggests a function of Pex11 in the retention of peroxisomes in
the mother cell during cell division, as Inp1 is still properly targeted to peroxisomes in the absence
of Pex11 [58].
The retention event is balanced by transport of peroxisomes to the forming bud (Figure 1,
step 7). This process takes place via peroxisome movement along actin filaments. It involves
several proteins performing different functions. The motor protein implicated in transport of
peroxisomes to yeast daughter cells is the class V myosin - Myo2 [59]. It facilitates actin-based
motion of peroxisomes by binding actin through its N-terminal domain. The C-terminal part of
Myo2 has the ability to bind to cargo organelle containing the specific adaptor protein. During
peroxisome transport Myo2 is recruited to the peroxisomal membrane by the adaptor Inp2 - an
integral protein of peroxisomal membrane [60]. It has been reported that S. cerevisiae cells lacking
Inp2 are not able to segregate peroxisomes to the buds [61]. As peroxisomes do not move from
the mother cells, the newly formed daughter cells are initially devoid of peroxisomes and have
to form them de novo.
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S. cerevisiae Pex19 is also implicated in the inheritance process via its role in the formation of
Myo2 - Inp2 complexes. Pex19 displays binding affinity to the C-terminal cargo binding domain of
Myo2. Moreover, a Myo2 mutant with reduced capability to bind Pex19, but not Inp2, displayed an
impaired peroxisome inheritance pattern. This observation provides yet another evidence for the
multifunctional character of Pex19, besides its crucial role in peroxisome formation.
Studies in filaments fungi unraveled a very unique system of peroxisome inheritance involving
formation of a contact site between peroxisomes and early endosomes. It has been shown that in
Aspergillus nidulans a small portion of the peroxisomal population is transported by “hitchhiking”
on early endosomes. The contact between these two organelles is mediated by the endosomal
linker protein - PxdA. It cannot be excluded that other organisms may use similar systems, at least
for transport of a fraction of peroxisomes to the nascent cells.
The peroxisome population of a cell is heterogeneous in terms of the organelle’s relative age
[64,65]. Mammalian peroxisomes within one cell display different capacities to import newly
synthesized matrix proteins, with Pex14 being more abundant in younger organelles [64]. Yeast
cells also contain both young and old organelles. Interestingly, it has been recently shown that
the inheritance pattern is strictly related to the age of peroxisomes. During yeast cell division, the
older organelles are preferentially retained in the mother cells, supporting selective transport of
younger peroxisomes to the buds [65].
Peroxisome inheritance has to be precisely regulated in order to reach synchronization with the
cell cycle. There is evidence suggesting that such regulation may be achieved via reversible posttranslational modifications, such as phosphorylation of the inheritance machinery components.
As an example, Inp2 undergoes phosphorylation, reaching the highest levels of this modification
at the beginning and at the end of cell cycle [60]. This suggests that phosphorylation of Inp2 serves
as a signal for its degradation once the protein is no longer required.
Outlook
The strongly debated topic of peroxisome biogenesis still raises many controversies. There is a lot
of data available on the molecular mechanisms of import of matrix proteins from the cytosol into
peroxisomes [66], however, the processes involved in the formation of peroxisomal membranes
are still largely unclear.
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According to the current model, fission is the main mode of peroxisome proliferation, at least
in WT yeast cells [61]. Convincing support for this model exists. The machinery involved in
peroxisome division has been extensively described [19,67-69]. Additionally, there are several
yeast mutants defective in fission that display very obvious phenotypes (e.g. pex11, dnm1, vps1).
Yet, the contribution of peroxisome fission to peroxisome multiplication is not fully clear. While
fission could be a sole form of peroxisome formation, we cannot ignore the data supporting
formation of peroxisomes de novo from the ER.
There has been a lot of controversy on the sorting pathways of PMPs. Some results point to the ER
as an intermediate compartment during PMPs trafficking to the peroxisomal membrane [6]. On the
other hand, the Pex3/Pex19 machinery has a well-established function in targeting PMPs to their
destination membrane [51-53]. It is tempting to speculate that these two processes may coexist
in WT cells. They may be also dependent on the studied organism and genetic background. Most
of the data that suggest trafficking of PMPs through the ER come from studies with peroxisomedeficient mutants - pex3 and pex19 [38,40,70]. In these cells PMPs may be targeted to alternative
compartments as a result of peroxisome absence, which makes the native destination membrane
unavailable for insertion. Even if peroxisomal membrane vesicles are present in mutant strains,
not all PMPs may sort to these structures because of their relatively small dimension, limiting
the surface available for PMPs incorporation. Peroxisomal vesicles membranes may get
saturated quickly, causing the remaining PMPs, produced in excess, to be mistargeted to other
compartments. In contrast, the peroxisomal membrane in WT cells expands by incorporation of
lipids, constantly providing a new template for direct insertion of PMPs from the cytosol.
Further studies need to be conducted in order to decide whether peroxisomes belong to the
endomembrane system or represent semi-autonomous organelles that only self-replicate.
It would be of great value to isolate mutants that are completely devoid of any peroxisomal
membranes. Such mutants would serve as a perfect tool for investigation of the mechanisms of
peroxisomes/membrane vesicles biogenesis.
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