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BACKGROUND: PEROXISOME STRUCTURE AND FUNCTIONS

Zalckvar & Schuldiner, Molecular Cell, 2022
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BACKGROUND: AUTOPHAGY – GENERAL FEATURES

Modified from Chen et al., 2023 

Modified from Vargas et al., 2023 

GABARAP



BACKGROUND: PEXOPHAGY

Iron depletion has been identified as a 

pexophagy inducer
(Wilhelm et al., 2022)

DFP-Fe3+
complexHIF-1α: Hypoxia Inducible Factor 1α

AP. Autophagosome
HRE: Hypoxia Responsive Element



TOOLS TO MONITOR PEXOPHAGY

• Peroxisomal markers (e.g. PMP70);

• SKL-Keima: fluorescent reporter to 

monitor pexophagy through 

cytofluorimetry and fluorescence 

microscopy

«Iron-deficiency activates the GABARAP-FLCN/FNIP1-TFEB axis to promote pexophagy»

Hartfelt K, Brunner M, Petraroia M. et al., Submitted to Journal of Cell Biology

Exogenous reporters of pexophagy

Endogenous reporters of pexophagy



TOOLS TO QUANTIFY IRON CONTENT
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DFP treatment reduces total intracellular iron 

In collaboration with Prof. Domiziana Masci
Department of Basic Biotechnological Sciences, Intensivological and Perioperative Clinics
Catholic University of the Sacred Heart, Rome, Italy
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PRELIMINARY RESULTS

2

Interaction confirmed by 
co-immunoprecipitation 

of GFP-GABARAP

1

FNIP1: Folliculin Interacting Protein 1

FLCN: Folliculin

Iron-deficiency activates the GABARAP-FLCN/FNIP1-TFEB axis to promote pexophagy

«Iron-deficiency activates the GABARAP-FLCN/FNIP1-TFEB axis to promote pexophagy»

Hartfelt K, Brunner M, Petraroia M. et al., Submitted to Journal of Cell Biology



OVERALL GOAL OF THE PROJECT

Study of protein phosphorylation in the activation of 

FLCN-FNIP1-GABARAP axis in DFP-induced pexophagy

Characterization of cytosolic and peroxisomal iron 

depletion as a mechanism of pexophagy induction

Role of the ubiquitin ligase enzyme MARCH5 and ROS as 

triggers for iron depletion-induced pexophagy

Characterization of novel molecular mechanisms underlying iron chelation-induced pexophagy, and involving 

protein phosphorylation, peroxisomal iron homeostasis, and ROS production at peroxisomes

AIM1

AIM2

AIM3



1.2

AIM 1. REGULATION OF FLCN/FNIP1-GABARAP AXIS IN DFP-INDUCED PEXOPHAGY

1.1

Created with Biorender

*

*in collaboration with Prof. Jorn Dengjel, 

  University of Fribourg, Switzerland

LIR: LC3-Interacting Region 1.3

FLCN

FNIP1

FNIP1



2.1

AIM 2. UBIQUITINATION AND ROS PRODUCTION AT THE PEROXISOME

Created with Biorender *Instrument available at Fondazione Universitaria Policlinico “A. Gemelli” IRCCS

PMP: Peroxisome Membrane Protein

Zeiss Celldiscoverer 7*

2.2



AIM 3. CHARACTERIZATION OF CYTOSOLIC AND PEROXISOMAL IRON DEPLETION AS A MECHANISM OF 

PEXOPHAGY INDUCTION

Created with Biorender

3.1

3.2

3.3

*in collaboration with Prof. Paolo Porporato, 

  University of Turin, Italy

*



EXPECTED OUTCOMES

• Identification of new phosphorylation sites and protein kinases for the regulation of FLCN-

FNIP1-GABARAP axis relevant to DFP-induced pexophagy;

• Characterization of peroxisomes as functionally active organelles for iron storage and DFP-

unbalance of peroxisomal iron as a pexophagy inducer;

• Identification of iron chelation as a cause of ROS production at the peroxisomes, resulting into 

pexophagy induction;

12
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TIMETABLE
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Activity 1.1

Activity 1.2

Activity 1.3

Activity 2.1

Activity 2.2

Activity 2.3

Activity 3.1

Activity 3.2

Activity 3.3

Regulation of FLCN-FNIP1-GABARAP axis in DFP-induced pexophagy

Identification of DFP-induced phosphorylation sites on 

FLCN-FNIP1-GABARAP 

A
IM

 3

Characterization of iron depletion as a cause of ROS production                

at the peroxisome

Study of iron depletion impact on ROS production at the 

peroxisome

Investigation of the ubiquitin role in pexophagy induced by 

peroxisomal ROS, upon DFP

Characterization of cytosolic and peroxisomal iron depletion as a 

mechanism of pexophagy induction

Measurement of iron content in purified peroxisomes upon 

DFP treatment

Functional characterization of E3 ligases/deubiquitinase in 

pexophagy induced by peroxisomal ROS, upon DFP

MONTHS

A
IM

 1
A

IM
 2

Peroxisomal uptake of iron nanoparticles by TEM analysis

Investigation of ferritin presence at the peroxisome and its 

relevance in iron storage

Functional characterization of DFP-induced phosphorylation 

sites on FLCN-FNIP1-GABARAP in pexophagy

Characterization of ULK1 and TBK1 kinases in pexophagy 

regulation mediated by FLCN-FNIP1-GABARAP
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BACKGROUND: PEXOPHAGY – GENERAL FEATURES

Wei et al., 2025

Different stimuli for 
pexophagy induction:

• Amino acid starvation

• mTORC1 inhibition

• Hypoxia 

• Reactive Oxygen Species 
(ROS)



PRELIMINARY RESULTS

«Iron-deficiency activates the GABARAP-FLCN/FNIP1-TFEB axis to promote pexophagy»

Hartfelt K, Brunner M, Petraroia M. et al., Submitted to Journal of Cell Biology



PEROXISOME BIOGENESIS





DEFERIPRONE (DFP)





Modified from Ronald et al., 2022
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