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Introduction  

Peroxisomes are single membrane-bounded cell 

organelles that can be found in all nucleated cells. 

These organelles, originally described as 

―microbodies,‖ were first visualized in cytological 

studies of mouse proximal kidney tubules [1] and 

rat hepatocytes [2]. In 1966, de Duve and Baudhuin 

carried out the first detailed biochemical 

investigations on freshly isolated ―microbodies‖ 

from rat liver and kidney and introduced the term 

―peroxisome‖ to refer to the organelle’s central role 

in the production and degradation of hydrogen 

peroxide (H2O2) [3]. Over the years, our 

knowledge and understanding of how this organelle 

functions within the cell has gradually increased. 

For example, it has turned out that a major function 

of peroxisomes in all organisms is to regulate 

cellular lipid metabolism. In addition, it has 

become clear that the enzymatic content of these 

organelles (and hence their functions) can vary 

substantially across species. This is best illustrated 

by the fact that certain organisms contain 

specialized peroxisomes that are named differently. 

For example, germinating seeds of plants contain 

―glyoxysomes‖, a subclass of microbodies that 

contain enzymes of the glyoxylate cycle [4]; 

members of the protist order Kinetoplastida contain 

―glycosomes‖, a category of specialized 

peroxisomes that compartmentalize the enzymes of 

the glycolytic pathway [5]; filamentous fungi 

contain ―woronin bodies‖, a class of peroxisome-

derived vesicles that seal the septal pore in 

response to wounding [6]. However, also 

―peroxisomes‖ themselves may house species-

specific metabolic pathways. For example, in the 

fungus Penicillium chrysogenum, these organelles 

harbor enzymes crucial for the synthesis of βlactam 

antibiotics [7]; in methylotrophic yeasts, they 

harbor the key enzymes of methanol metabolism 

[8]; in plants, they play a key part in jasmonic acid 

and auxin synthesis [9, 10]; in mammals, they play 

a pivotal role in the biosynthesis of bile acids and 

plasmalogens [11]. Finally, there is growing 

evidence that (mammalian) peroxisomes are not 

solely metabolic organelles but may also act as  

signaling platforms that sense and integrate signals 

arising from viral pathogens and age-related 

processes [12–14]. For a detailed description of 

peroxisome function in the major model organisms, 

I refer to other excellent reviews [8, 15–21]. 

 The pivotal role of peroxisomes in eukaryotic 

organisms is perhaps best underscored by the 

existence of a group of genetic disorders associated 

with peroxisomal deficiencies. These disorders are 

generally grouped into two broad categories: the 

peroxisome biogenesis disorders (PBDs) and the 

single peroxisomal enzyme deficiencies (PEDs) 

[22]. The PBDs result from a failure in peroxisome 

assembly and include three major clinical 

phenotypes that represent a continuum of clinical 

features that are most severe in Zellweger 

syndrome (OMIM 214100), milder in neonatal 

adrenoleukodystrophy (OMIM 202370), and least 

severe in infantile Refsum disease (OMIM 266510) 

[23]. Interestingly, despite the fact that these PBDs 

currently encompass 14 distinct genes, no clear 

genotype-phenotype correlation has been 

established [23]. The main reasons for this are most 

likely the nature of the mutations in the involved 

genes (see below) and peroxisome mosaicism [24]. 

The PEDs are a group of disorders in which the 

peroxisomal structure is intact and functioning, 

except for a single metabolic pathway [22]. 

Intensive efforts by multiple research groups have 

led to the identification of many PED-causing 

mutations in at least 10 distinct peroxisomal genes 

[25]. The prototype of this group of disorders is X-

linked adrenoleukodystrophy (OMIM 300100), 

which is the most common (incidence: 1 : 17000 

newborns) of the peroxisomal disorders [26]. Note 
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that all diseases caused by partial or complete 

peroxisome dysfunction are characterized by a 

variety of neurological abnormalities [27]. 

Currently, there is ample evidence that 

peroxisomes are dynamic organelles that rapidly 

assemble, multiply, and degrade in response to 

nutritional and environmental stimuli [28]. In 

addition, it is becoming increasingly clear that 

these organelles cooperate with the endoplasmic 

reticulum (ER) and mitochondria to carry out their 

functions [29, 30]. This review provides a detailed 

overview of the molecular players and mechanisms 

involved in peroxisome formation, multiplication, 

and degradation (Figure 1). Furthermore, it will 

summarize recent advances in our understanding of 

how defects in the dynamic behavior of these 

organelles can have a negative impact on an 

organism’s functions. 

Molecular Players 

Peroxisomes are highly plastic organelles that can 

rapidly modulate their size, number, and enzyme 

content in response to changing environmental 

conditions. The most impressive examples of this 

kind are undoubtedly the observations that (i) 

peroxisomes in Hansenula polymorpha can occupy 

up to 80% of the cytoplasmic volume when this 

methylotrophic yeast species is cultivated in a 

medium containing methanol as a sole carbon 

source [8], and (ii) on recultivation in glucose- or 

ethanol-containing medium, the vast majority of 

these methanol-induced organelles are rapidly and 

selectively degraded because their activity is no 

longer needed [31]. A similar phenomenon, albeit 

much less pronounced, can also be observed in 

rodents upon the administration and subsequent 

withdrawal of a variety of xenobiotics, collectively 

referred to as peroxisome proliferators [32]. 

Importantly, the accurate control of peroxisome 

density depends on a balance between their 

synthesis, multiplication, and degradation. Each of 

these processes requires the coordinated action of 

various proteins, which are thought to be organized 

in large complexes. The identity and properties of 

these proteins are discussed in the following 

sections. 

Peroxisome Biogenesis : The formation of new 

peroxisomes can be viewed as the integration of 

three processes: the assembly of the peroxisomal 

membrane, the import of matrix proteins, and 

proliferation of the organelles [33]. Proteins that 

are uniquely involved in one of these processes are 

called ―peroxins‖ (abbreviated ―Pexp‖, and 

including a number corresponding to the order of 

their discovery; gene acronym: PEX) (Table 1) 

[34]. Over the years, it has become clear that a core 

set of these proteins, which can be grouped into 

distinct classes (see below), is conserved across 

many species [20]. In addition, it has become 

evident that various steps in peroxisome biogenesis 

require the function of proteins that are also 

involved in other processes [35, 36]. This section is 

intended to provide up-to-date information on key 

factors involved in peroxisomal membrane and 

matrix protein import (the protein complexes that 

control peroxisome division are described in 

Section 2.2). Topics that are discussed include the 

cis-acting targeting signals that direct newly 

formed proteins from their place of synthesis to the 

peroxisomal compartment (see Section 2.1.1) and 

the molecular machines that recognize and 

translocate proteins across or into the peroxisomal 

membrane (see Sections 2.1.2–2.1.8). For 

mechanistic models of how peroxisomes may arise 

de novo or from preexisting organelles, I refer to 

Section 3.2. 

Peroxisome Targeting Signals: The assembly of 

functional peroxisomes requires the import of 

approximately 100 different nuclear-encoded 

proteins (for an up-to-date list of datasets, please 

visit http://www.peroxisomedb.org/). These 

proteins can reside in the peroxisomal membrane or 

be confined to the matrix of the organelle. 

Currently, it is generally accepted that all 

peroxisomal matrix proteins are synthesized on free 

polyribosomes in the cytosol and 

posttranslationally imported into preexisting 

organelles [37]. For membrane proteins, the 

situation is more complicated; depending on the 

protein and the organism under study, the 

biosynthesis of this class of molecules has been 

reported to occur on free or ER-bound ribosomes 

[38–43]. Importantly, these findings have 

significant implications for the mechanisms 

underlying peroxisome biogenesis (for more 

details, see Section 3.2). 

The vast majority of peroxisomal matrix proteins in 

virtually all eukaryotic organisms contain a C-

terminal peroxisomal targeting signal, called PTS1 

[44]. Originally, this targeting signal was defined 

as an uncleaved tripeptide with the consensus 
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sequence -(S/A/C)-(K/R/H)-(L/A)∗ (in single-letter 

amino acid code; the asterisk represents a stop 

codon) [45]. In the meantime, this consensus 

sequence has been broadened, and it has become 

clear that also residues upstream of the tripeptide 

may modulate its functionality [46–48]. The 

molecular mechanisms underlying this 

phenomenon can be traced to Pex5p, the PTS1 

import receptor (see Section 2.1.2). As Pex5p 

molecules from different species may exhibit a 

different affinity towards various PTS1 sequences, 

some PTS1 variants may act in a species-specific 

fashion [46]. Note that PTS1 prediction programs 

that deal with different substrate specificities 

between fungal, metazoan, and plant PTS1-targeted 

proteins are available online at 

http://mendel.imp.ac.at/pts1/ [49] and 

http://ppp.gobics.de/ [50]. 

 

Figure 1: Model of peroxisome dynamics. New 

peroxisomes can be formed de novo from the ER or 

by asymmetric growth and division of preexisting 

organelles. In the de novo pathway, a select set of 

PMPs is inserted into the ER via the Sec61p 

translocon (or the GET complex) and sequestered 

into specialized Pex3p-containing ER exit sites 

from which smoothed vesicles are pinched off in a 

Pex19p-dependent manner. These peroxisomal 

precompartments subsequently develop into mature 

peroxisomes that are capable of importing matrix 

proteins. The latter process can be divided into 

several different stages: cargo-recognition by a PTS 

receptor; docking of the PTS receptor-cargo 

complexes at the peroxisomal membrane (the 

Pex7p-cargo complexes require auxiliary factors 

for import); cargo translocation across the 

peroxisomal membrane and cargo release into the 

peroxisomal matrix; receptor recycling. The latter 

event requires the involvement of the receptor 

export module, which ubiquitinates the receptor 

and extracts it from the peroxisomal membrane. 

Peroxisomes can also grow in number and size by a 

complex asymmetric multistep maturation 

pathway, a process that involves peroxisome 

elongation, membrane constriction, and organelle 

fission. Members of the Pex11p-family of peroxins 

are involved in the elongation process, the 

components of the constriction machinery are not 

yet known, and the fission machinery comprises 

soluble dynamin-like proteins that are recruited to 

the peroxisomal membrane by Fis1p and/or Mff 

(with or without the help of adaptor proteins). 

Importantly, as ―old‖ matrix proteins are retained 

within the mother organelle, this leads to matrix 

protein asymmetry. During their life cycle, 

peroxisomes are also subject to rigorous quality 

control: oxidatively damaged matrix proteins are 

degraded by a peroxisomal Lon protease, 

superfluous PMPs are extracted from the 

peroxisomal membrane and degraded by the 

proteasome, and dysfunctional organelles are 

removed by pexophagy. The triggers and 

mechanisms underlying the quality control of 

peroxisomes have only recently begun to be 

elucidated. Note that (i) peroxins are indicated in 

white numbers in red (evolutionarily conserved 

peroxins) or orange (species-specific peroxins) 

circles; (ii) grey circles represent factors that are 

also involved in nonperoxisomal processes; (iii) 

more details can be found in the text. 

The import of another subset of peroxisomal matrix 

proteins is mediated by a type 2 peroxisomal 

targeting signal (PTS2) [51]. This signal, which in 

most (but not all) organisms is cleaved off after it 
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enters the peroxisomal lumen, can be found in the 

N-terminal portion of a limited number of proteins 

and consists of a nonapeptide with the ―consensus‖ 

sequence -R-(L/V/I/Q)-X2-(L/V/I/H)-(L/S/G/A)-X-

(H/Q)- (L/A)- (where X can be any amino acid) 

[52]. Recently, a detailed mutational study revealed 

that, in order to be functional, this motif has to 

form a well defined α-helical structure with a 

conserved charge distribution [53]. The molecular 

mechanisms underlying this phenomenon can be 

traced to Pex7p, the PTS2 import receptor (see 

Section 2.1.2). Importantly, some organisms (e.g., 

Caenorhabditis elegans, Drosophila melanogaster, 

and diatoms) lack a functional PTS2 protein import 

system [21, 54, 55]. However, the orthologues of 

proteins known to contain a PTS2 signal in other 

species have acquired a PTS1 in these organisms 

[21, 54, 55]. 

Interestingly, a few proteins destined for the 

peroxisome lumen are targeted to the organelle by 

unusual non-PTS1/ PTS2 sequences [56–60]. 

However, these internal targeting signals, 

sometimes termed ―i-PTS‖, remain largely 

uncharacterized and are most likely heterogeneous 

in sequence. Nevertheless, there is experimental 

evidence that at least some of these sequences may 

function as oligomerization domains mediating 

association with other proteins bearing a PTS1 [61–

63]. In this context, it is crucial to point out that the 

peroxisomal matrix protein import machinery can 

accommodate the import of folded proteins [64], 

homooligomeric protein complexes [65, 66], and 

even nondeformable 9 nm gold particles conjugated 

to peptides bearing a PTS1 [64]. Nonetheless, the 

potential physiological relevance of this so-called 

piggyback import mechanism has not yet been fully 

resolved and, recently, considerable debate has 

erupted over whether the peroxisomal import 

machinery prefers to import monomeric or 

oligomeric substrates [67, 68]. 

The biogenesis of peroxisomal membrane proteins 

(PMPs) is a complex process that requires their 

targeting to and insertion into the peroxisomal 

membrane. The cis-acting protein sequences 

guiding this multistep process are called ―mPTSs‖ 

[69]. These mPTSs, which consist of a targeting 

element and a membrane-anchoring sequence, vary 

greatly in length, are unremarkable by primary 

structure analysis, and are not proteolytically 

removed upon import [70]. An mPTS can be 

located at virtually any position within the protein 

[71]. In naturally occurring proteins, this sorting 

determinant is positioned near the N-terminus in 

type I PMPs (1 transmembrane segment, Nmatrix-

Ccytoplasm) and near the C-terminus in type 2 

PMPs (1 transmembrane segment, Ncytoplasm-

Cmatrix) [70]. Interestingly, many polytopic PMPs 

contain multiple nonoverlapping mPTSs [70]. As 

virtually all these mPTSs contain binding sites for 

Pex19p [72], and this protein functions as a 

chaperone and import receptor for newly 

synthesized PMPs (see Section 2.1.2), it has been 

hypothesized that polytopic PMPs may have 

nonoverlapping mPTSs to ensure their solubility 

before membrane insertion [73]. Alternatively, the 

presence of multiple mPTSs may play a role in 

determining the orientation of the 

membranespanning segments. Finally, there is 

growing evidence that various PMPs traffic to 

peroxisomes via the ER [41, 43], and that the 

mPTSs of some of these PMPs display an overlap 

with ER targeting signals [74, 75]. These and other 

(see Section 2.1.2) findings suggest the existence of 

multiple classes of mPTSs [70, 76, 77]. However, 

much work remains to be done before definite 

conclusions can be drawn. 

Functions and Dysfunctions : Peroxisomes play an 

indispensable role in cellular lipid metabolism [18]. 

In addition, there is growing evidence that these 

organelles actively contribute to the maintenance of 

the cellular redox balance [14]. Unwanted 

alterations in peroxisome function may invoke 

serious consequences for affected organisms [25, 

293, 294]. However, these consequences may vary 

depending on the organism, the type of defect, and 

the environment. For example, genomic mutations 

inactivating PEX genes may have the potential to 

exhibit no visible phenotype (e.g., in yeast cells 

grown on glucose medium) or to cause a 

debilitating or even fatal condition (e.g., in human 

beings, see Section 1). Importantly, peroxisomes 

closely cooperate with other cellular compartments 

to carry out their physiological functions. At the 

morphological level, this is perhaps best illustrated 

by the observation that these organelles display 

extensive contact sites with the ER [266], lipid 

droplets [295], and mitochondria [296], and it has 

been proposed that these contact sites may facilitate 

the transfer of metabolites [30, 251]. At the 

functional level, this is nicely exemplified by the 

finding that peroxisomes and mitochondria share 

the same fission machinery (see Section 2.2.3), a 

mechanism allowing the cell to finetune 
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peroxisomal and mitochondrial metabolism [28]. 

The importance of this process is also reflected in 

the observation that a dominant-negative point 

mutation in DLP1 (see Section 2.2.3) is fatal in 

humans [297].  

As reviewed elsewhere, strong arguments have 

been presented that peroxisomal metabolism and 

cellular aging are closely intertwined [298, 299]. In 

addition, there is a substantial body of evidence 

linking peroxisomal dysfunction to the initiation 

and progression of age-related diseases, such as 

type 2 diabetes, cancer, and some 

neurodegenerative disorders like Alzheimer’s 

disease, Parkinson’s disease, and amyotrophic 

lateral sclerosis (Fransen et al., manuscript 

submitted). The molecular mechanisms underlying 

such events are just beginning to be unraveled. A 

hypothesis gaining popularity is that a disturbance 

in peroxisome function initiates signaling events 

that ultimately result in mitochondrial alterations 

which, in turn, trigger the activation of 

mitochondrial stress pathways [238, 298]. 

However, further work is needed to elucidate how 

peroxisomes are incorporated into such 

intracellular communication networks, and how 

changes in mitochondrial metabolism may 

influence peroxisome dynamics. Finally, additional 

research is required to better understand how 

lysosomal dysfunction may lead to defects in 

peroxisome turnover. In this context, it would be 

particularly interesting to know to what extent the 

complex phenotypes of various lysosomal storage 

disorders may reflect impairment in peroxisome 

function. 

Summary and Outlook 

Over the last decades, remarkable progress has 

been made in our understanding of how 

peroxisomes are formed and degraded within cells. 

General key findings include the observations that 

the peroxisome biogenesis and selective 

degradation pathways converge on a select set of 

proteins (in casu Pex3p and Pex14p), and that 

functional domains— rather than entire proteins—

are conserved throughout evolution. However, 

despite this, there is still a large gap in our 

knowledge of how disturbances in peroxisome 

homeostasis may affect the health and viability of 

an organism. For example, it is not yet known if, 

how, and to what extent defects in pexophagy can 

lead to human disease. Another challenging and 

open question is whether or not subtle differences 

in any of the functionally conserved peroxin 

domains can represent an interesting therapeutic 

target to treat human diseases (e.g., the bloodstream 

form of T. brucei, a human parasite causing 

sleeping sickness, relies entirely on glycosomal 

metabolism for the generation of energy; see 

Section 1). Finally, it remains to be investigated 

how changes in peroxisome dynamics affect 

cellular metabolism, signaling and stress response. 

Gaining a better insight into these complex 

interactions is pivotal for a coherent understanding 

of how these organelles function in health and 

disease. 

References 

[1] J. Rhodin, Correlation of ultrastructural 

organization and function in norm and 

experimentally changed proximal convoluted 

tubule cells of the mouse kidney [Ph.D. thesis], 

Aktiebolaget, Godvil, Stockholm, Sweden, 1954.  

[2] W. Bernhard and C. Rouiller, ―Microbodies and 

the problem of mitochondrial regeneration in liver 

cells,‖ The Journal of Biophysical and Biochemical 

Cytology, vol. 2, no. 4, pp. 355– 360, 1956.  

[3] C. de Duve and P. Baudhuin, ―Peroxisomes 

(microbodies and related particles),‖ Physiological 

Reviews, vol. 46, no. 2, pp. 323–357, 1966.  

[4] R. W. Breidenbach and H. Beevers, 

―Association of the glyoxylate cycle enzymes in a 

novel subcellular particle from castor bean 

endosperm,‖ Biochemical and Biophysical 

Research Communications, vol. 27, no. 4, pp. 462–

469, 1967.  

[5] F. R. Opperdoes and P. Borst, ―Localization of 

non glycolytic enzymes in a microbody like 

organelle in Trypanosoma brucei: the glycosome,‖ 

FEBS Letters, vol. 80, no. 2, pp. 360– 364, 1977. 

 [6] G. Jedd and N. H. Chua, ―A new self-

assembled peroxisomal vesicle required for 

efficient resealing of the plasma membrane,‖ 

Nature Cell Biology, vol. 2, no. 4, pp. 226–231, 

2000.  

[7] M. Bartoszewska, J. A. K. W. Kiel, R. A. L. 

Bovenberg, M. Veenhuis, and I. J. van der Klei, 

―Autophagy deficiency promotes β-lactam 

production in Penicillium chrysogenum,‖ Applied 



International Journal of Gender, Science and Technology            UGC Care Group I Journal                                                                             
..ISSN: 2040-0748                                                                                                              Vol-10 Issue-01 2021 

and Environmental Microbiology, vol. 77, no. 4, 

pp. 1413–1422, 2011.  

[8] I. J. van der Klei, H. Yurimoto, Y. Sakai, and 

M. Veenhuis, ―The significance of peroxisomes in 

methanol metabolism in methylotrophic yeast,‖ 

Biochimica et Biophysica Acta, vol. 1763, no. 12, 

pp. 1453–1462, 2006. 

 [9] K. Schneider, L. Kienow, E. Schmelzer et al., 

―A new type of peroxisomal Acyl-coenzyme a 

synthetase from Arabidopsis thaliana has the 

catalytic capacity to activate biosynthetic 

precursors of jasmonic acid,‖ Journal of Biological 

Chemistry, vol. 280, no. 14, pp. 13962–13972, 

2005.  

[10] A. A. G. Wiszniewski, W. Zhou, S. M. Smith, 

and J. D. Bussell, ―Identification of two 

Arabidopsis genes encoding a peroxisomal 

oxidoreductase-like protein and an acyl-CoA 

synthetase-like protein that are required for 

responses to proauxins,‖ Plant Molecular Biology, 

vol. 69, no. 5, pp. 503–515, 2009. 

[11] N. E. Braverman and A. B. Moser, ―Functions 

of plasmalogen lipids in health and disease,‖ 

Biochimica et Biophysica Acta, vol. 1822, no. 9, 

pp. 1442–1452, 2012. 

 [12] E. Dixit, S. Boulant, Y. Zhang et al., 

―Peroxisomes are signaling platforms for antiviral 

innate immunity,‖ Cell, vol. 141, no. 4, pp. 668–

681, 2010. 

 [13] P. B. Lazarow, ―Viruses exploiting 

peroxisomes,‖ Current Opinion in Microbiology, 

vol. 14, no. 4, pp. 458–469, 2011.  

[14] M. Fransen, M. Nordgren, B. Wang, and O. 

Apanasets, ―Role of peroxisomes in ROS/RNS-

metabolism: implications for human disease,‖ 

Biochimica et Biophysica Acta, vol. 1822, no. 9, 

pp. 1363–1373, 2012.  

[15] P. A. M. Michels, F. Bringaud, M. Herman, 

and V. Hannaert, ―Metabolic functions of 

glycosomes in trypanosomatids,‖ Biochimica et 

Biophysica Acta, vol. 1763, no. 12, pp. 1463– 

1477, 2006.  

[16] R. J. A. Wanders and H. R. Waterham, 

―Biochemistry of mammalian peroxisomes 

revisited,‖ Annual Review of Biochemistry, vol. 

75, pp. 295–332, 2006.  

[17] J. M. Palms, F. J. Corpas, and L. A. Del R´ıo, 

―Proteome of plant peroxisomes: new perspectives 

on the role of these organelles in cell biology,‖ 

Proteomics, vol. 9, no. 9, pp. 2301– 2312, 2009. 

 [18] P. P. Van Veldhoven, ―Biochemistry and 

genetics of inherited disorders of peroxisomal fatty 

acid metabolism,‖ Journal of Lipid Research, vol. 

51, no. 10, pp. 2863–2895, 2010. 

 [19] M. Islinger, M. J. R. Cardoso, and M. 

Schrader, ―Be differentThe diversity of 

peroxisomes in the animal kingdom,‖ Biochimica 

et Biophysica Acta, vol. 1803, no. 8, pp. 881–897, 

2010.  

[20] T. Gabaldon, ―Peroxisome diversity and 

evolution,‖ ´ Philosophical Transactions of the 

Royal Society B, vol. 365, no. 1541, pp. 765–773, 

2010. 

 [21] J. E. Faust, A. Verma, C. Peng, and J. A. 

McNew, ―An inventory of peroxisomal proteins 

and pathways in Drosophila melanogaster,‖ Traffic, 

vol. 13, no. 10, pp. 1378–1392, 2012. 

 [22] R. J. A. Wanders and H. R. Waterham, 

―Peroxisomal disorders: the single peroxisomal 

enzyme deficiencies,‖ Biochimica et Biophysica 

Acta, vol. 1763, no. 12, pp. 1707–1720, 2006.  

[23] H. R. Waterham and M. S. Ebberink, 

―Genetics and molecular basis of human 

peroxisome biogenesis disorders,‖ Biochimica et 

Biophysica Acta, no. 9, pp. 1430–1441, 18222012. 

 [24] H. W. Moser, ―Genotype-phenotype 

correlations in disorders of peroxisome 

biogenesis,‖ Molecular Genetics and Metabolism, 

vol. 68, no. 2, pp. 316–327, 1999. 

 [25] N. Shimozawa, ―Molecular and clinical 

findings and diagnostic flowchart of peroxisomal 

diseases,‖ Brain and Development, vol. 33, no. 9, 

pp. 770–776, 2011. 

 [26] M. Engelen, S. Kemp, M. de Visser et al., ―X-

linked adrenoleukodystrophy (X-ALD): clinical 

presentation and guidelines for diagnosis, follow-

up and management,‖ Orphanet Journal of Rare 

Diseases, vol. 7, no. 1, p. 51, 2012.  

[27] M. Baes and P. Aubourg, ―Peroxisomes, 

myelination, and axonal integrity in the CNS,‖ 

Neuroscientist, vol. 15, no. 4, pp. 367–379, 2009. 



International Journal of Gender, Science and Technology            UGC Care Group I Journal                                                                             
..ISSN: 2040-0748                                                                                                              Vol-10 Issue-01 2021 

 [28] M. Islinger, S. Grille, H. D. Fahimi, and M. 

Schrader, ―The peroxisome: an update on 

mysteries,‖ Histochemistry and Cell Biology, vol. 

137, no. 5, Article ID 224150, pp. 547–574, 2012. 

 [29] S. Thoms, S. Grønborg, and J. Gartner, 

―Organelle interplay ¨ in peroxisomal disorders,‖ 

Trends in Molecular Medicine, vol. 15, no. 7, pp. 

293–302, 2009.  

[30] F. Camoes, N. A. Bonekamp, H. K. Delille, 

and M. Schrader, ˜ ―Organelle dynamics and 

dysfunction: a closer link between peroxisomes and 

mitochondria,‖ Journal of Inherited Metabolic 

Disease, vol. 32, no. 2, pp. 163–180, 2009.  

[31] W. A. Dunn, J. M. Cregg, J. A. Kiel et al., 

―Pexophagy: the selective autophagy of 

peroxisomes,‖ Autophagy, vol. 1, no. 2, pp. 75–83, 

2005.  

[32] S. Yokota, ―Formation of autophagosomes 

during degradation of excess peroxisomes induced 

by administration of dioctyl phthalate,‖ European 

Journal of Cell Biology, vol. 61, no. 1, pp. 67–80, 

1993.  

[33] S. R. Terlecky and M. Fransen, ―How 

peroxisomes arise,‖ Traffic, vol. 1, no. 6, pp. 465–

473, 2000.  

[34] B. Distel, R. Erdmann, S. J. Gould et al., ―A 

unified nomenclature for peroxisome biogenesis 

factors,‖ Journal of Cell Biology, vol. 135, no. 1, 

pp. 1–3, 1996. 

 [35] J. M. Nuttall, A. Motley, and E. H. Hettema, 

―Peroxisome biogenesis: recent advances,‖ Current 

Opinion in Cell Biology, vol. 23, no. 4, pp. 421–

426, 2011. 

 [36] M. Schrader, N. A. Bonekamp, and M. 

Islinger, ―Fission and proliferation of 

peroxisomes,‖ Biochimica et Biophysica Acta, vol. 

1822, no. 9, pp. 1343–1357, 2012.  

[37] P. B. Lazarow and Y. Fujiki, ―Biogenesis of 

peroxisomes,‖ Annual Review of Cell Biology, vol. 

1, pp. 489–530, 1985. 

 [38] Y. Fujiki, R. A. Rachubinski, and P. B. 

Lazarow, ―Synthesis of a major integral membrane 

polypeptide of rat liver peroxisomes on free 

polysomes,‖ Proceedings of the National Academy 

of Sciences of the United States of America, vol. 

81, no. 22, pp. 7127–7131, 1984.  

[39] T. Imanaka, Y. Shiina, T. Takano, T. 

Hashimoto, and T. Osumi, ―Insertion of the 70-kDa 

peroxisomal membrane protein into peroxisomal 

membranes in vivo and in vitro,‖ Journal of 

Biological Chemistry, vol. 271, no. 7, pp. 3706– 

3713, 1996.  

[40] I. A. Sparkes, C. Hawes, and A. Baker, 

―AtPEX2 and AtPEX10 are targeted to 

peroxisomes independently of known endoplasmic 

reticulum trafficking routes,‖ Plant Physiology, vol. 

139, no. 2, pp. 690–700, 2005.  

[41] P. K. Kim, R. T. Mullen, U. Schumann, and J. 

LippincottSchwartz, ―The origin and maintenance 

of mammalian peroxisomes involves a de novo 

PEX16-dependent pathway from the ER,‖ Journal 

of Cell Biology, vol. 173, no. 4, pp. 521– 532, 

2006. 

 [42] M. P. Pinto, C. P. Grou, I. S. Alencastre et al., 

―The import competence of a peroxisomal 

membrane protein is determined by Pex19p before 

the docking step,‖ Journal of Biological Chemistry, 

vol. 281, no. 45, pp. 34492–34502, 2006. 

 [43] A. van der Zand, I. Braakman, and H. F. 

Tabak, ―Peroxisomal membrane proteins insert into 

the endoplasmic reticulum,‖ Molecular Biology of 

the Cell, vol. 21, no. 12, pp. 2057–2065, 2010. [44] 

C. Brocard and A. Hartig, ―Peroxisome targeting 

signal 1: is it really a simple tripeptide?‖ 

Biochimica et Biophysica Acta, vol. 1763, no. 12, 

pp. 1565–1573, 2006.  

[45] B. W. Swinkels, S. J. Gould, and S. 

Subramani, ―Targeting efficiencies of various 

permutations of the consensus C-terminal tripeptide 

peroxisomal targeting signal,‖ FEBS Letters, vol. 

305, no. 2, pp. 133–136, 1992.  

[46] G. Lametschwandtner, C. Brocard, M. 

Fransen, P. Van Veldhoven, J. Berger, and A. 

Hartig, ―The difference in recognition of terminal 

tripeptides as peroxisomal targeting signal I 

between yeast and human is due to different 

affinities of their receptor Pex5p to the cognate 

signal and to residues adjacent to it,‖ Journal of 

Biological Chemistry, vol. 273, no. 50, pp. 33635–

33643, 1998. 



International Journal of Gender, Science and Technology            UGC Care Group I Journal                                                                             
..ISSN: 2040-0748                                                                                                              Vol-10 Issue-01 2021 

 [47] G. Neuberger, S. Maurer-Stroh, B. 

Eisenhaber, A. Hartig, and F. Eisenhaber, ―Motif 

refinement of the peroxisomal targeting signal 1 

and evaluation of taxon-specific differences,‖ 

Journal of Molecular Biology, vol. 328, no. 3, pp. 

567–579, 2003. 

 [48] G. Chowdhary, A. R. Kataya, T. Lingner, and 

S. Reumann, ―Non-canonical peroxisome targeting 

signals: identification of novel PTS1 tripeptides 

and characterization of enhancer elements by 

computational permutation analysis,‖ BMC Plant 

Biology, vol. 12, no. 1, p. 142, 2012. 

 [49] G. Neuberger, S. Maurer-Stroh, B. 

Eisenhaber, A. Hartig, and F. Eisenhaber, 

―Prediction of peroxisomal targeting signal 1 

containing proteins from amino acid sequence,‖ 

Journal of Molecular Biology, vol. 328, no. 3, pp. 

581–592, 2003 

[50] S. Reumann, D. Buchwald, and T. Lingner, 

―PredPlantPTS1: a web server for the prediction of 

plant peroxisomal proteins,‖ Frontiers in Plant 

Science, vol. 3, article 194, 2012. 

 [51] P. B. Lazarow, ―Chapter 3.1.7. The import 

receptor Pex7p and the PTS2 targeting sequence,‖ 

Biochimica et Biophysica Acta, vol. 1763, no. 12, 

pp. 1599–1604, 2006.  

[52] O. I. Petriv, L. Tang, V. I. Titorenko, and R. 

A. Rachubinski, ―A new definition for the 

consensus sequence of the peroxisome targeting 

signal type 2,‖ Journal of Molecular Biology, vol. 

341, no. 1, pp. 119–134, 2004. 

 [53] M. Kunze, G. Neuberger, S. Maurer-Stroh et 

al., ―Structural requirements for interaction of 

peroxisomal targeting signal 2 and its receptor 

PEX7,‖ Journal of Biological Chemistry, vol. 286, 

no. 52, pp. 45048–45062, 2011.  

[54] A. M. Motley, E. H. Hettema, R. Ketting, R. 

Plasterk, and H. F. Tabak, ―Caenorhabditis elegans 

has a single pathway to target matrix proteins to 

peroxisomes,‖ EMBO Reports, vol. 1, no. 1, pp. 

40–46, 2000. 

 [55] N. H. Gonzalez, G. Felsner, F. D. Schramm, 

A. Klingl, and K. Bolte, ―A single peroxisomal 

targeting signal mediates matrix protein import in 

diatoms,‖ PLoS ONE, vol. 6, no. 9, Article ID 

e25316, 2011.  

[56] F. Kragler, A. Langeder, J. Raupachova, M. 

Binder, and A. Hartig, ―Two independent 

peroxisomal targeting signals in catalase A of 

Saccharomyces cerevisiae,‖ Journal of Cell 

Biology, vol. 120, no. 3, pp. 665–673, 1993.  

[57] G. C. Peterson, J. M. Sommer, S. Klosterman, 

C. C. Wang, and M. Parsons, ―Trpanosoma brucei: 

identification of an internal region of 

phosphoglycerate kinase required for targeting to 

glycosomal microbodies,‖ Experimental 

Parasitology, vol. 85, no. 1, pp. 16–23, 1997.  

[58] A. T. J. Klein, M. V. Van Den Berg, G. 

Bottger, H. F. Tabak, and B. Distel, 

―Saccharomyces cerevisiae acyl-CoA oxidase 

follows a novel, non-PTS1, import pathway into 

peroxisomes that is dependent on Pex5p,‖ Journal 

of Biological Chemistry, vol. 277, no. 28, pp. 

25011–25019, 2002. 

 [59] K. Gunkel, R. Van Dijk, M. Veenhuis, and I. 

J. van der Klei, ―Routing olf hansenula polymorpha 

alcohol oxidase: an alternative peroxisomal 

protein-sorting machinery,‖ Molecular Biology of 

the Cell, vol. 15, no. 3, pp. 1347–1355, 2004. 

 [60] N. Galland, S. de Walque, F. G. J. Voncken, 

C. L. M. J. Verlinde, and P. A. M. Michels, ―An 

internal sequence targets Trypanosoma brucei 

triosephosphate isomerase to glycosomes,‖ 

Molecular and Biochemical Parasitology, vol. 171, 

no. 1, pp. 45–49, 2010. 

 [61] G. B. Cohen, V. S. Rangan, B. K. Chen, S. 

Smith, and D. Baltimore, ―The human thioesterase 

II protein binds to a site on HIV-1 Nef critical for 

CD4 down-regulation,‖ Journal of Biological 

Chemistry, vol. 275, no. 30, pp. 23097–23105, 

2000. 

 [62] X. Yang, P. Edward Purdue, and P. B. 

Lazarow, ―Eci1p uses a PTS1 to enter peroxisomes: 

either its own or that of a partner, Dci1p,‖ 

European Journal of Cell Biology, vol. 80, no. 2, 

pp. 126–138, 2001. 

 [63] M. Islinger, K. W. Li, J. Seitz, A. Volkl, and 

G. H. L ¨ uers, ¨ ―Hitchhiking of Cu/Zn superoxide 

dismutase to peroxisomes: evidence for a natural 

piggyback import mechanism in mammals,‖ 

Traffic, vol. 10, no. 11, pp. 1711–1721, 2009. 



International Journal of Gender, Science and Technology            UGC Care Group I Journal                                                                             
..ISSN: 2040-0748                                                                                                              Vol-10 Issue-01 2021 

 [64] P. A. Walton, P. E. Hill, and S. Subramani, 

―Import of stably folded proteins into 

peroxisomes,‖ Molecular Biology of the Cell, vol. 

6, no. 6, pp. 675–683, 1995.  

[65] J. A. McNew and J. M. Goodman, ―An 

oligomeric protein is imported into peroxisomes in 

vivo,‖ Journal of Cell Biology, vol. 127, no. 5, pp. 

1245–1257, 1994.  

[66] V. I. Titorenko, J. M. Nicaud, H. Wang, H. 

Chan, and R. A. Rachubinski, ―Acyl-CoA oxidase 

is imported as a heteropentameric, cofactor-

containing complex into peroxisomes of Yarrowia 

lipolytica,‖ Journal of Cell Biology, vol. 156, no. 3, 

pp. 481–494, 2002.  

[67] M. O. Freitas, T. Francisco, T. A. Rodrigues et 

al., ―PEX5 protein binds monomeric catalase 

blocking its tetramerization and releases it upon 

binding the N-terminal domain of PEX14,‖ Journal 

of Biological Chemistry, vol. 286, no. 47, pp. 

40509–40519, 2011.  

[68] H. Otera and Y. Fujiki, ―Pex5p imports folded 

tetrameric catalase by interaction with Pex13p,‖ 

Traffic, vol. 13, no. 10, pp. 1364–1377, 2012.  

[69] W. B. Snyder, A. Koller, A. J. Choy, and S. 

Subramani, ―The peroxin Pex19p interacts with 

multiple, integral membrane proteins at the 

peroxisomal membrane,‖ Journal of Cell Biology, 

vol. 149, no. 6, pp. 1171–1177, 2000. 

 [70] E. Van Ael and M. Fransen, ―Targeting 

signals in peroxisomal membrane proteins,‖ 

Biochimica et Biophysica Acta, vol. 1763, no. 12, 

pp. 1629–1638, 2006. 

 [71] M. Fransen, T. Wylin, C. Brees, G. P. 

Mannaerts, and P. P. Van Veldhoven, ―Human 

Pex19p binds peroxisomal integral membrane 

proteins at regions distinct from their sorting 

sequences,‖ Molecular and Cellular Biology, vol. 

21, no. 13, pp. 4413–4424, 2001. 

 [72] H. Rottensteiner, A. Kramer, S. Lorenzen et 

al., ―Peroxisomal membrane proteins contain 

common Pex19p-binding sites that are an integral 

part of their targeting signals,‖ Molecular Biology 

of the Cell, vol. 15, no. 7, pp. 3406–3417, 2004. 

 [73] J. M. Jones, J. C. Morrell, and S. J. Gould, 

―Multiple distinct targeting signals in integral 

peroxisomal membrane proteins,‖ Journal of Cell 

Biology, vol. 153, no. 6, pp. 1141– 1149, 2001. 

 [74] R. T. Mullen, C. S. Lisenbee, J. A. Miernyk, 

and R. N. Trelease, ―Peroxisomal membrane 

ascorbate peroxidase is sorted to a membranous 

network that resembles a subdomain of the 

endoplasmic reticulum,‖ Plant Cell, vol. 11, no. 11, 

pp. 2167– 2185, 1999. 

 [75] Y. Elgersma, L. Kwast, M. Van Den Berg et 

al., ―Overexpression of Pex15p, a phosphorylated 

peroxisomal integral membrane protein required 

for peroxisome assembly in S. cerevisiae, causes 

proliferation of the endoplasmic reticulum 

membrane,‖ The EMBO Journal, vol. 16, no. 24, 

pp. 7326– 7341, 1997.  

[76] J. M. Jones, J. C. Morrell, and S. J. Gould, 

―PEX19 is a predominantly cytosolic chaperone 

and import receptor for class 1 peroxisomal 

membrane proteins,‖ Journal of Cell Biology, vol. 

164, no. 1, pp. 57–67, 2004.  

[77] T. Matsuzaki and Y. Fujiki, ―The peroxisomal 

membrane protein import receptor Pex3p is directly 

transported to peroxisomes by a novel Pex19p- and 

Pex16p-dependent pathway,‖ Journal of Cell 

Biology, vol. 183, no. 7, pp. 1275–1286, 2008. 

 


