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All the underlying data for this supplementary information are accessible at
https://git-r3lab.uni.lu/david.hoksza/supplementary-layout-formats. Please also read section 1.2

if you want to reproduce the results.

1 Evaluation set description

To showcase how MINERVA can convert between CellDesigner SBML (SBML-CD), SBML and
SBGN-ML, we utilized Parkinson’s disease (PD) map (Fujita et al. 2014) (available online at
https://pdmap.uni.lu) to extract three layout-containing networks with increasing level of com-
plexity.

• Inflammation signalling pathway from the neuron compartment (INF)

– 37 species and 20 reactions

• Multi compartment network describing PD-related processes in striatal neurons (SN)

– 152 species and 132 reactions

• Full Parkinson’s disease map (PDM)

– about 5,500 species and almost 2500 reactions

All the networks contained colors, duplicated nodes, proteins with modified residues and species
grouped in complexes, which made them difficult to convert because of different level of support of
these features in the three tested formats.

Each of the networks was exported from the Parkinson’s disease map using MINERVA’s export
functionality available via the context menu. For the INF and SN, the corresponding regions of the
map were selected via Select mode → Export as map → CellDesigner SBML. The INF and SN files
were then adjusted in CellDesigner. Specifically we:

• removed the “Layout annotation” layer. CellDesigner supports layers, visibility of which can
be turned on or off in CellDesigner, and MINERVA uses the layers to export pathways layout
information (pathways can cross multiple compartments). In order to get rid of information
about pathways crossing the exported regions of the map (which are exported together with
the required part of the map) and keeping only the compartment information, we removed
the “Layout annotation” layer completely for each of the networks.
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• adjusted the size of the layout to fit the sizes of the exported networks. This was needed
because when exporting a region in MINERVA the exported network keeps the original co-
ordinates of the full map resulting in a lot of free space especially if only a small region of a
large map is being exported.

The resulting files are attached to this supplementary information.

1.1 Conversion process

In order to test validity of the conversion process and to see which features of the networks can
be retained and which get lost, we took each of the three networks in SBML-CD and converted
it to each of the two remaining formats (SBML and SBGN-ML) and back. In each step we used
MINERVA API, first to do the conversion, but also to export the converted files into all three
MINERVA-supported graphical formats, i.e., PDF, PNG and SVG. We chose to start the process
with CellDesigner SBML, because, with respect to layout and render capabilities, it enables to store
super-set of features compared to the remaining two formats.

1.2 Comment on reproducibility

April’18 edition of Parkinson’s disease map (accessible at https://webdav-r3lab.uni.lu/public/pdmap/Releases/)
was used to create the INF, SN and PDM networks, which are included in the attached archive.
Besides the source networks (in the CellDesigner SBML format), the archive also includes a shell
script to carry out the conversions, and target layout files accompanied by image exports from those
files. The shell script connects to an instance of MINERVA framework running at https://minerva-
dev.lcsb.uni.lu to carry out the above introduced conversion process.

Please note that the following results were gnerated with MINERVA version 12.2 running at
https://minerva-dev.lcsb.uni.lu. But since MINERVA is being upgraded regularly, it is possible
that results obtained in the future might differ from the ones presented here.

There are two ways to exactly reproduce the results:

• Install the respective version of MINERVA available at

https://git-r3lab.uni.lu/minerva/core/tree/fdeab47e6803031d363ce33254c8d3a56498f94f and run
the script using that instance as the target one.

• Use the attached Docker compose script to create a Docker container to compose a Docker
image of MINERVA version 12.2. (see README.md in the docker directory for details). Then
you can access the API of the MINERVA instance running in the built Docker container via
the port 8080.
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1.3 Results

1.3.1 SBML-CD → SBML → SBML-CD

SBML-CD SBML SBML-CD

INF

NFkappaB:IkappaB

NFKB1 RELA

NFKBIA

NFkappaB:IkappaB

NFKB1 RELA

P

P
NFKBIA

NFkappaB:IkappaB

RELA

P

P
UbNFKBIA

NFKB1

ASK1:TRAF2:TRAF6

TRAF6TRAF2MAP3K5

ASK1:TRAF2:TRAF6

TRAF6

P

MAP3K5 TRAF2

IKK complex

CHUK

IKBKG

P

P
IKBKB

IKK complex

IKBKB

CHUK

IKBKG

NFkappaB

NFKB1 RELA

TRAF2:TRAF6

TRAF6

TRAF2

PARK7:DAXX

SOH@C106

PARK7

DAXX

TXN:MAP3K5

TXN

MAP3K5

ASK1:PARK7

SOH@C106

PARK7

MAP3K5

TRAF2:GSTP1

GSTP1

TRAF2

DAXX:ASK1

DAXX

MAP3K5

regulation of NF-kappaB transcription factor activity

extrinsic apoptotic signalling pathway

RELA

BTRC

PINK1

P

P
UbNFKBIA

DAXX

oxidized

TXN

GSTP1

NFKBIA

CHUK

TRAF2

IKBKB

PPP5C

NFKB1

MAP3K5

PARK7

IKBKG

SOH@C106

PARK7

apoptosis

UPS

ROS

ROS

&&

&&

&

&&

&

NFkappaB:IkappaB

RELA

P

P
UbNFKBIA

NFKB1

NFkappaB:IkappaB

RELANFKB1

NFKBIA

NFkappaB:IkappaB

P

P
NFKBIA

RELANFKB1

ASK1:TRAF2:TRAF6

TRAF6MAP3K5 TRAF2

ASK1:TRAF2:TRAF6

TRAF6

P

MAP3K5 TRAF2

IKK complex

P

P
IKBKB

CHUK

IKBKG

IKK complex

CHUK

IKBKB

IKBKG

NFkappaB

NFKB1 RELA

TRAF2:TRAF6

TRAF2

TRAF6

PARK7:DAXX

SOH@C106

PARK7

DAXX

TXN:MAP3K5

MAP3K5

TXN

TRAF2:GSTP1

TRAF2

GSTP1

ASK1:PARK7

MAP3K5

SOH@C106

PARK7

DAXX:ASK1

DAXX

MAP3K5

regulation of NF-kappaB transcription factor activity

extrinsic apoptotic signalling pathway

oxidized

TXN

MAP3K5

PPP5C

NFKB1

DAXX

TRAF2

CHUK

RELA GSTP1

IKBKG

PARK7

IKBKB

PINK1

NFKBIA

SOH@C106

PARK7

P

P
UbNFKBIA

BTRC

apoptosis

UPS

ROS

ROS

&

&

&

&&

&

NFkappaB:IkappaB

RELANFKB1

P

P
NFKBIA

NFkappaB:IkappaB

NFKB1

P

P
UbNFKBIA

RELA

NFkappaB:IkappaB

RELANFKB1

NFKBIA

ASK1:TRAF2:TRAF6
P

MAP3K5 TRAF2 TRAF6

ASK1:TRAF2:TRAF6

TRAF2 TRAF6MAP3K5

IKK complex

P

P
IKBKB

IKBKG

CHUK

IKK complex

CHUK

IKBKG

IKBKB

NFkappaB

NFKB1 RELA

TRAF2:TRAF6

TRAF2

TRAF6

PARK7:DAXX

DAXX

SOH@C106

PARK7

TXN:MAP3K5

TXN

MAP3K5

DAXX:ASK1

DAXX

MAP3K5

TRAF2:GSTP1

GSTP1

TRAF2

ASK1:PARK7

SOH@C106

PARK7

MAP3K5

regulation of NF-kappaB transcription factor activity

extrinsic apoptotic signalling pathway

P

P
UbNFKBIA

BTRC

RELA

PINK1

NFKBIA

MAP3K5

IKBKG

NFKB1

DAXX

oxidized

TXN

IKBKB

TRAF2

SOH@C106

PARK7

CHUK

PPP5C

PARK7

GSTP1

apoptosis

UPS

ROS

ROS

&&

&&

&

&&

&

SN

PENK
cannabinoid acetylcholine

L-glutamate

L-glutamate

L-glutamate
L-glutamate

serotonin

Ca2+

K+

&

&

&

?

NMDA receptor

GRIN2D

GRIN1

GRIN2A

GRIN2C

GRIN2B

AMPA receptor

GRIA3

GRIA2

P GRIA1

P GRIA4

AMPA receptor

GRIA3

GRIA4 GRIA2

GRIA1small-conductance KCa channels

KCNN2KCNN1 KCNN3

Phospholipase C

HTR4CNR1 HTR6

PKA

PP2A

phosphorylated

CaMKII PKA

OPRM1

Calcineurin

NTRK2

PP1

TRPV1

PKA

GRM1

PP1

CHRM4

RANBP9

RASGRF1

GNAQLRRK2

ITGB1

diglyceride

IP3 

cAMP

PIP2

K+
Ca2+

Ca2+

postsynaptic terminal

adenylyl cyclase

ADCY5

cofilin
P

CFL2

P

CFL1

cofilin

CFL2

CFL1

dendritic spine development

filamentous actin

P DRD1

DRD1

RANBP9

GNALGNAS

PRKCD

ATP

cAMP

Ca2+

dendritic spine

PP1

PPP1CA

Calcineurin

PP2B

TF CREB

P

CREB1

TF ELK1

ELK1

TF EGR1

EGR1

chromatin organization

synaptic plasticity

long-term memory

PPP1R1B

P

PPP1R1B

PPP1R1B

PDYN

DUSP1

FOS

EGR1

nucleus

mitochondrial motility

postsynaptic response

dendrite extension PKA

MAP2LRRK2

mutated R1441C

LRRK2

P PRKAR2B

PINK1

dendritic shaft

GABA

presynaptic terminal

ITPR3ITPR1 ITPR2

Ca2+

ER

LRRK2:PKAR2B:PKAC

PKA catalytic subunit

PRKACA

PRKACB

PRKACG

PRKAR2B

Calcineurin

catalytic
subunit

PPP3CB

PPP3CC

PPP3CA

regulatory
subunit

PPP3R1

PPP3R2

PKA catalytic subunit

PRKACG

PRKACA

PRKACB

AHCYL:ITPR3
P

P

VIMAHCYL1

AHCYL1:ITPR3

ITPR3AHCYL1

Caspase-8

CASP8 (p10)CASP8 (p18)

ERK1/2

P

P

MAPK3
P

P

MAPK1

PP2A

PPP2CBPPP2CA

Rap1 activating

RAP1GAP

RAP1GAP2

CTNNB1:HTT

CTNNB1

mutated polyQ

HTT

calpain-1

CAPN1

CAPNS1

ROCK

ROCK2ROCK1

inclusion

mutated polyQ

HTT

PP1

PPP1CA

PP1

PPP1CA

Calcineurin

PP2B

Calcineurin

PP2B

PKA catalytic subunit

Calmodulin

CALM1

L-type calcium channel
Cav1.3 and Cav1.2

MAPK pathway

cellular calcium

CaMKII

phosphorylated

CaMKII

protein translation

synaptic plasticity

PTPN5

CSNK1A1

P

EEF2K

CAMK4

AHCYL1

RGS4

mutated polyQ

HTT

PPP1R1B

ARPP21

CTNNB1

PRKAR2B

P

PPP1R1B

P

P

VIM

BTRC

P
UbEEF2K

P

RASGRP2

CDK5

P

PPP1R1B

P

PPP1R1B

P

CSNK1A1

PDEs CSNK1A1

RASGRF1

RAP1A

P

ARPP21

EEF2K

BTRC

VIM

RASGRP2

PP2C

P

PTPN5

P

P
PPP1R1B

UPS

UPS

cAMP

AMP

Ca2+

Ca2+

Striatal Medium Spiny Neuron D1

PENK
cannabinoid acetylcholine

L-glutamate

L-glutamateL-glutamate
L-glutamate

serotonin

Ca2+

K+

&

&

&

?

NMDA receptor

GRIN1

GRIN2C

GRIN2B

GRIN2D

GRIN2A

AMPA receptor

P GRIA4

GRIA3 P GRIA1

GRIA2

AMPA receptor

GRIA3

GRIA2

GRIA1

GRIA4

small-conductance KCa channels

KCNN3KCNN1 KCNN2

Phospholipase C
PKA

HTR4

PKA
phosphorylated

CaMKII

PP1

TRPV1

PP1

CNR1 OPRM1

Calcineurin

GRM1

PP2A

PKA

CHRM4 NTRK2HTR6

ITGB1

LRRK2 GNAQ

RANBP9

RASGRF1

diglyceride

cAMP

PIP2

IP3 

Ca2+

Ca2+

K+

postsynaptic terminal

adenylyl cyclase

ADCY5

cofilin
P

CFL2

P

CFL1

cofilin

CFL2

CFL1

dendritic spine development

filamentous actin

P DRD1

DRD1

PRKCD RANBP9

GNALGNAS

ATP

cAMP

Ca2+

dendritic spine

TF CREB

P

CREB1

TF EGR1

EGR1

TF ELK1

ELK1

Calcineurin

PP2B

PP1

PPP1CA

chromatin organization

synaptic plasticity

long-term memory

PPP1R1B

P

PPP1R1B

FOS

DUSP1

PPP1R1BEGR1

PDYN

nucleus

mitochondrial motility

postsynaptic response

dendrite extension PKA

LRRK2

P PRKAR2B

PINK1

MAP2

mutated R1441C

LRRK2

dendritic shaft

GABA

presynaptic terminal

ITPR2 ITPR3ITPR1

Ca2+

ER

LRRK2:PKAR2B:PKAC

PRKAR2B

PKA catalytic subunit

PRKACG

PRKACB

PRKACA

Calcineurin

catalytic
subunit

PPP3CB

PPP3CA

PPP3CC regulatory
subunit

PPP3R1

PPP3R2

PKA catalytic subunit

PRKACB

PRKACA

PRKACG

AHCYL:ITPR3
P

P

VIMAHCYL1

AHCYL1:ITPR3

AHCYL1 ITPR3

Caspase-8

CASP8 (p18) CASP8 (p10)

ERK1/2

P

P

MAPK1
P

P

MAPK3

PP2A

PPP2CBPPP2CA

Rap1 activating

RAP1GAP

RAP1GAP2

CTNNB1:HTT

mutated polyQ

HTT

CTNNB1

calpain-1

CAPNS1

CAPN1

ROCK

ROCK1 ROCK2

inclusion

mutated polyQ

HTT

PP1

PPP1CA

PP1

PPP1CA

Calcineurin

PP2B

Calcineurin

PP2B

PKA catalytic subunit

Calmodulin

CALM1

L-type calcium channel
Cav1.3 and Cav1.2

MAPK pathway

cellular calcium

CaMKII

phosphorylated

CaMKII

synaptic plasticity

protein translation

PDEs

ARPP21

BTRC

RASGRF1

CAMK4

P

RASGRP2

P

P
PPP1R1B

CTNNB1

RGS4

P

PPP1R1B

mutated polyQ

HTT

RASGRP2

VIM

PPP1R1B

P
UbEEF2K

CDK5CSNK1A1

P

PPP1R1B

P

P

VIM

P

PTPN5

PP2C

P

ARPP21

AHCYL1

P

PPP1R1BP

CSNK1A1

P

EEF2K

CSNK1A1

EEF2K

RAP1A

PTPN5

PRKAR2B

BTRC

UPS

UPS

cAMP

AMP

Ca2+

Ca2+

Striatal Medium Spiny Neuron D1

PENK
cannabinoid acetylcholine

L-glutamate

L-glutamate
L-glutamate

L-glutamate

serotonin

K+

Ca2+

&

&

&

?

NMDA receptor

GRIN1

GRIN2C

GRIN2BGRIN2A

GRIN2D AMPA receptor

P GRIA1

P GRIA4 GRIA2

GRIA3

AMPA receptor

GRIA2GRIA4

GRIA1GRIA3small-conductance KCa channels

KCNN1 KCNN3KCNN2

Phospholipase C

TRPV1 OPRM1 CHRM4

PP2APKA

Calcineurin

NTRK2

PP1

PKA

HTR4

PP1 phosphorylated

CaMKII

HTR6

PKA

CNR1GRM1

ITGB1

RANBP9

RASGRF1

LRRK2 GNAQ

IP3 

diglyceridePIP2

cAMP

K+

Ca2+

Ca2+

postsynaptic terminal

adenylyl cyclase

ADCY5

cofilin
P

CFL2

P

CFL1

cofilin

CFL2

CFL1

dendritic spine development

filamentous actin

P DRD1

DRD1

RANBP9

GNAS

PRKCD

GNAL

cAMP

ATP

Ca2+

dendritic spine

Calcineurin

PP2B

TF ELK1

ELK1

PP1

PPP1CA

TF EGR1

EGR1

TF CREB

P

CREB1

chromatin organization

long-term memory

synaptic plasticity

PPP1R1B

P

PPP1R1B

PDYN

EGR1

FOS

PPP1R1B

DUSP1

nucleus

mitochondrial motility

postsynaptic response

dendrite extension PKA

MAP2

mutated R1441C

LRRK2LRRK2

P PRKAR2B

PINK1

dendritic shaft

GABA

presynaptic terminal

ITPR2ITPR1 ITPR3

Ca2+

ER

LRRK2:PKAR2B:PKAC

PKA catalytic subunit

PRKACA

PRKACG

PRKACBPRKAR2B

Calcineurin

catalytic
subunit

PPP3CB

PPP3CA

PPP3CC regulatory
subunit

PPP3R2

PPP3R1

PKA catalytic subunit

PRKACG

PRKACB

PRKACA

AHCYL:ITPR3
P

P

VIMAHCYL1

AHCYL1:ITPR3

ITPR3AHCYL1

Caspase-8

CASP8 (p18) CASP8 (p10)

ERK1/2

P

P

MAPK1
P

P

MAPK3

PP2A

PPP2CBPPP2CA

Rap1 activating

RAP1GAP2

RAP1GAP

CTNNB1:HTT

CTNNB1

mutated polyQ

HTT

calpain-1

CAPN1

CAPNS1

ROCK

ROCK2ROCK1

inclusion

mutated polyQ

HTT

PP1

PPP1CA

PP1

PPP1CA

Calcineurin

PP2B

Calcineurin

PP2B

PKA catalytic subunit

Calmodulin

CALM1

L-type calcium channel
Cav1.3 and Cav1.2

MAPK pathway

cellular calcium

CaMKII

phosphorylated

CaMKII

synaptic plasticity

protein translation RGS4

BTRC

PDEs

ARPP21

P

PPP1R1B
P

PPP1R1B

mutated polyQ

HTT

P

RASGRP2

PP2C

VIM

PTPN5

P

PPP1R1B

CDK5

BTRC

RASGRF1

P
UbEEF2K

CSNK1A1

CSNK1A1

AHCYL1

P

CSNK1A1

RAP1A

P

P

VIM

CAMK4

EEF2K
P

P
PPP1R1B

RASGRP2

PPP1R1B

PRKAR2B

CTNNB1

P

EEF2K

P

ARPP21

P

PTPN5

UPS

UPS

cAMP

AMP

Ca2+

Ca2+

Striatal Medium Spiny Neuron D1

PDM

Go to 'Parkinson's UK Gene Ontology genes' submap

Neuromelanin C1q complex

complement C1q

C1QA

neuromelanin

chemokines

CCL4

CCL2

CXCL1

CXCL2

CCL3

apoptotic neuron

TREM2 ligands

HSPD1

chemokines

CX3CL1

CXCL1

CCL20

CCL2

semaphorins

SEMA3A

flotillin

FLOT1

FLOT2

apoptotic neuron

HSPD1

MPP-SG
glutathioneMPP+

electrophile-SG

electrophile

glutathione

Paraquat-SG

glutathione

paraquat

complement C1q

C1QA

fibril

SNCA

fibril

SNCA protofibril

SNCA

protofibril

SNCA

fibril

SNCA

fibril

SNCA

fibril

SNCA

neurotrophin production

alternating hemiplegia of childhood 2

rapid-onset dystonia parkinsonism

neuron projection maintenance

A2A receptor antagonist

advanced glycation end-products

pacemaking activity

generic protein

cell migration

neuron death

ephrins

hydrogen peroxide

hydrogen peroxide

prostaglandin E2

IL13

SOD1

SNCA

ATP1A3

IL10

TNF

C3

GDNF

IL1B

LGALS3

IFNG

SNCA

WNT1

IL6

WNT3

PENK

MMP9

NGF

SEMA3A

HSPD1

SNCA

RTN4

NTF3

TNF

SNCA

IL1B

APP

S100B

GDNF

IL1B

TGFB1

IFNG

NGF

SNCA

SNCA

APPHMGB1

HSPD1

HSP70

MMP3

SNCA

PDCD6IP

PENK

BDNF

cell chemotaxis

GAPDH

HMGB1

FASLG

TNFHMGB1

ANXA2

APP

MAG

IL4

OMG

IL6

dopamine

dopamine

dopamine

dopamine

dopamine

dopamine

GABA release

dopamine

GABA release

dopamine

dopamine

dopamine

dopamine

excitotoxicity

L-glutamic acid

GPCR activity

L-glutamic acid

cannabinoid

cannabinoid

nitrite radical

glucocorticoid

hypochloride

acetylcholine

acetylcholine

neuromelanin

L-glutamate

PHCCC

RTK activity

ionomycin

LY379268

isradipine

LPS hypoxia

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

L-glutamate

glutathione

superoxide

peroxynitrite

superoxide

nitric oxide

peroxynitrite

Apocynin

L-Glutamate

UDP

adenosine

CysGly

glycine

GABA

(S)-lactate

LPS

O2

cysteine

nitric oxide

nitrite

GABA

serotonin

GABA

ROS

GABA

L-Glutamate

cysteine

dopamine

glycine

ATP

glutathione

GABA

GABA

GABA

GABA

L-Glutamate

L-cysteine

GABA

caffeine

ROS

GABA

ADP

MPP+

Ca2+ Ca2+

Na+

Ca2+

K+

Ca2+ Na+ Ca2+

Ca2+

Na+

Cl-

Ca2+

K+

Mg2+

Ca2+

Ca2+

K+ K+ Na+Ca2+

Ca2+Na+ K+

&

&

&
&

&

&

&

&

&

&

&

&&

&

&

&

&

&

& && &

&

&

& &

&

&&

&

&

&

&&

&

&

& &

&

&

&

& &

?

?

&

&

&

&

&

&

&

&

&

&

&

?

&?

&?

&

&

&

&

&

&

&

& &

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

?

&

&

&

//

&

&

?

&

?

?

?

?

&

&

&

&

&

&

&

&

&

& & &

&

&

&

&

&

&

&

&

&

&

&&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

?

?

&

&

&

&

&

&&

&

&

&

&

&

& & && &

&

&

&

&

& &&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

? ??

&

&

&

&

&

&

&

& &

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

?

&

&

&

&

& &

&

?

&

& &

&

&

&

&

&

?

&

& &

&

&

&

&

&

& &

//

//

?

&?

&

&

& &

&

&

&

&

&

&

&

&

&

&

&

?

&

& &

&

&

&

&

&

&

&

&

&

&

&

&

&

&

&

& &

&

&

&

mitochondrial tRNAs and rRNA

MT-TS1

MT-TF

MT-TQ

MT-TL2

MT-TC

MT-TS2

MT-TN

MT-TP

MT-TL1

MT-RNR1MT-TK

MT-TW

MT-TR

MT-TE

MT-TI

MT-TH MT-TV

MT-TT

Mt-dNTP pool

DGUOK

SUCLG1TK2

SUCLA2

RRM2B

Mt translation

TWNK

C12orf65

TSFMTUFM

GFM1

Mt tRNA synthetases

KARSGARS

AARS2 DARS2

RARS2

Mt ribosomal proteins

MRPL3

MRPS22MRPS16

Mt transcription

TFB2MTFB1M POLRMT

Mt-DNA repair

POLG

ERCC8

ERCC6

Mt replication

MTFMT

POLGPOLG2

MTPAP

mitochondrial transcriptionmitochondrial translation

mtDNA replication

mitochondrial DNA

mtDNA damage

TFAM

mtDNA repairmRNA

nucleoid

complex I

Fe-S protein

NDUFS7

NDUFS1

NDUFS4

NDUFS3

NDUFS8

NDUFS2

NDUFS5 NDUFS6

beta subcomplex

NDUFB7 NDUFB8

NDUFB11

NDUFB9

NDUFB3

NDUFB4

NDUFB2

NDUFB5

NDUFB10

NDUFB1

NDUFB6

alpha subcomplex

P NDUFA10

NDUFA5

NDUFA7

NDUFA13

NDUFA1 NDUFA3

NDUFA8

NDUFA12

NDUFA2

NDUFA6NDUFA4

NDUFA11

NDUFA9

MT-ND2 MT-ND3

NDUFC1

MT-ND1

MT-ND6

NDUFC2

NDUFV2

MT-ND4

NDUFAF1

MT-ND4L

NDUFV1

MT-ND5

NDUFV3

NDUFAB1

OXPHOS assembly factors

Fe-S

NFU1

BOLA3

ABCB7

NUBPL

CV

TMEM70

ATPAF2

CIII

BCS1L

CIV

SURF1

SCO1

COX14 SCO2

FASTKD2

LRPPRC

COX15

TACO1

COX10

CI

FOXRED1

NDUFAF3

NDUFAF5

NDUFAF1 NDUFAF6

NDUFAF4

NDUFAF2

ACAD9

CII

SDHAF1

complex V

F(1)

ATP5A1

ATP5D

ATP5EP2

ATP5E

ATP5C1

F(0)

MT-ATP8

ATP5L

ATP5L2

ATP5J

ATP5H

ATP5I MT-ATP6

ATP5F1

ATP5G3

ATP5J2ATPIF1

ATP5G2

ATP5B

ATP5O

ATP5G1

OXPHOS subunits encoded in mtDNA

CV

MT-ATP8

MT-ATP6

CIII

MT-CYB

CI

MT-ND2

MT-ND4L

MT-ND5

MT-ND3

MT-ND6

MT-ND4

MT-ND1

CIV

MT-CO1

MT-CO3

MT-CO2

phosphorylated

pyruvate dehydrogenase complex

dihydrolipoamide dehydrogenase (E3)

FADDLD

pyruvate dehydrogenase (E1)

P

PP

PDHA1 PDHB

thiamine(1+) diphosphate

PDHXDLAT

pyruvate dehydrogenase complex

pyruvate dehydrogenase (E1)

thiamine(1+) diphosphate

PDHBPDHA1

dihydrolipoamide dehydrogenase (E3)

FADDLD

PDHXDLAT

alpha-ketoglutarate dehydrogenase

dihydrolipoamide dehydrogenase (E3)

FADDLD

dihydrolipoamide succinyl-transferase (E2)

DBT lipoamide

2-oxoglutarate decarboxylase (E1)

OGDH thiamine(1+) diphosphate

Ca2+

complex III

iron-sulfur subunit
iron-sulfur cluster

UQCRFS1

MT-CYB:heme b

MT-CYB

heme b

BCS1L

UQCRC1

UQCR11

UQCRB

UQCR10

UQCRH UQCRFS1P1

UQCRC2

UQCRQ

complex IV

MT-CO2MT-CO1

COX7A1

COX6A2

COX4I2COX4I1

COX7C

COX5B COX6A1

COX7B

COX5A

COX8A

COX7A2

MT-CO3

COX7A2L

CIV

SURF1

SCO1

COX14 SCO2

FASTKD2

LRPPRC

COX15

TACO1

COX10

complex II

flavoprotein

FADH2

SDHA

Fe-S protein

Fe-S cluster

SDHB

SDHC SDHD

acetylated

complex II

flavoprotein

FAD

Ac SDHA

Iron sulfur protein

SDHB

Fe-S cluster

SDHC SDHD

complex II

flavoprotein

SDHA

FAD

Fe-S protein

SDHB

Fe-S cluster

SDHC SDHD

CI

FOXRED1

NDUFAF3

NDUFAF5

NDUFAF1 NDUFAF6

NDUFAF4

NDUFAF2

ACAD9

CI

MT-ND2

MT-ND4L

MT-ND5

MT-ND3

MT-ND6

MT-ND4

MT-ND1

Go to 'Fatty acid and ketone body metabolism' submap

Go to 'Iron metabolism' submap

pyruvate dehydrogenase (E1)

thiamine(1+) diphosphate

PDHBPDHA1

pyruvate dehydrogenase (E1)

P

PP

PDHA1 PDHB

thiamine(1+) diphosphate

PDP2:PDPR

PDPR:FAD

PDPR

FAD

PDP2

PDP1:PDPR

PDPR:FAD

PDPR

FAD

PDP1

isocitrate dehydrogenase 3

Ca2+

IDH3A

IDH3G Mn2+

IDH3B

PDK isoforms

PDK1

PDK3

PDK2

PDK4

Fe-S

NFU1

BOLA3

ABCB7

NUBPL

CHCHD2:GHITM:CYCS

CHCHD2

GHITM

reduced

CYCS

dihydrolipoamide dehydrogenase (E3)

FADDLD

dihydrolipoamide dehydrogenase (E3)

FADDLD

OXPHOS subunits 
encoded in mtDNA

CIV

MT-CO1

MT-CO3

MT-CO2

ATP-sensitive K+ channel

KCNJ8 KCNJ11

ATP-sensitive K+ channel

KCNJ8 KCNJ11

Succinyl-CoA ligase

SUCLG1 SUCLG2

Succinyl-CoA ligase

SUCLG1 SUCLA2

mitochondrial pyruvate carrier

MPC1 MPC2

Iron sulfur protein

SDHB

Fe-S cluster

Fe-S protein

SDHB

Fe-S cluster

pyruvate dehydrogenase 
complex

flavoprotein

SDHA

FAD

CV

TMEM70

ATPAF2

flavoprotein

FADH2

SDHA

flavoprotein

FAD

Ac SDHA

Fe-S protein

Fe-S cluster

SDHB

CV

MT-ATP8

MT-ATP6

paraquat dication
H+paraquat

paraquat monocation radical

paraquat

isocitrate dehydrogenase

Mn2+IDH2

Ca2+ uniporter

MICU1

MCU

acetylated

isocitrate dehydrogenase

Ac IDH2 Mn2+

malate dehydrogenase 2

MDH2

fumarate hydratase

FH

PDPR:FAD

PDPR

FAD

PDPR:FAD

PDPR

FAD

OXPHOS 
assembly factors

OXPHOS 
assembly factors

OXPHOS 
assembly factors

OXPHOS 
assembly factors

OXPHOS 
assembly factors

membrane potential driven uniporter activity

CIII

MT-CYB

CII

SDHAF1

CIII

BCS1L

(5-hydroxyindol-3-yl)acetic acid

(5-hydroxyindol-3-yl)acetaldehyde

malate-aspartate shuttle

chaperone-mediated protein folding

mitochondrial dysfunction

(S)-2-hydroxyglutaric acid

oxidized

generic protein

succinic semialdehyde

glutathione disulfide

acetaldehyde

SLC25A1

PSLC8B1

HSPE1

Ac CYCS

CLPB

SLC25A10

PC ACO2

SOD1

SIRT3

SIRT3

D2HGDH

CAT

P TRAP1

SLC25A11

SNCA

oxidized

TXN

L2HGDH

SIRT3

SO2H@C106

PARK7

mutated A53T

SNCA

ADHFE1

SLC25A23

Ac SOD2

SLC25A27

GPX1

TRAP1

ALDH2 HSPA9

SIRT5

GSR

SLC25A12

NNT

TXNRD2

PRDX2

SLC8B1

reduced

CYCS
UCP3

PINK1

ACSS1

HSPD1

PRDX6

TXNRD1

SLC25A4

GPX4

reduced

TXN

CLPP

LONP1

UCP2

TFAM

SIRT3

SLC25A5

HTRA2

SLC25A14

SLC25A6

SOD2

GLUD1

CS

reduced

CYCS

Ac GLUD1

PRDX1 PRDX5

oxidized

CYCS

succinic acid

superoxide

phosphate(3-)

phosphate(3-)

2-oxoglutaric acid

(S)-malate(2-)

hydrogen peroxide

phosphate(3-)

fumaric acid

oxaloacetate(2-)

4-hydroxybutyrate

L-glutamate(2-)

(S)-malate(2-)

oxidized

CYCS

mt UPR

coenzyme A

myxothiazol

proteolysis

acetyl-CoA

succinyl-CoA

CO2

NADPH

coenzyme A

ATP

ADP

NADP(+)

ADP

NADH

H2O

CO2

ubiquinol

hydroxide

NADPH

O2

ubiquinone

glutathione

NADH

NADH

FADH2

FADH2

citrate(3-)

FAD

rotenone

ADP

O2

GTP

ATP

H2O

NADH

superoxide

superoxide

NADPH

superoxide

O2

ubiquinol

O2

CO2

ATPO2

pyruvate

O2

NADP(+)

acetate

NADP(+)

citrate(3-)

NAD(+)

NADH

coenzyme A

NAD(+)

NADH

ROS

superoxide

ubiquinone

ROS

NADP(+)

NADH

H2O

NAD(+)

hydroxyl

H2O

NAD(+) ROS

H2O

glutathione

ADP

ubiquinol

isocitric acid

ADP

GDP

coenzyme A

NAD(+)

ADP

NAD(+)

NAD(+)

H2O

ammonium

O2

acetyl-CoA

superoxide

NAD(+)

NADPH

H2O

ubiquinone

NADH

pyruvate

NADH

CO2

FAD

ATP

ATP

CO2

Mg2+

Fe3+

Ca2+

H+

H+

Co2+

H+

Mn2+ Zn2+

Fe3+

Ca2+

Fe2+

H+

H+

H+

H+

K+

H+

Ca2+

Fe3+

H+

H+

H+ H+

H+

Ca2+H+

H+

H+

H+

Na+

H+

H+

Ca2+

Fe2+

Fe2+

Ca2+

mitochondrial matrix

VPS26:VPS35:MUL1

MUL1

VPS35

VPS26BVPS26A

nuclear RCC complex

PINK1

nuclear RCC RNA

nuclear RCC complex

PUM1

nuclear RCC RNA

RHOT1:TRAK1:KIF5B

RHOT1 TRAK1 KIF5B

RHOT2:TRAK1:KIF5B

KIF5BRHOT2 TRAK1

PINK1:PRKN

PINK1

PRKN

PINK1:PRKN

PRKN

PINK1

Respiratory Chain 
Components

HAX1:PARL

PARL

HAX1

chaperone-mediated protein foldingmitochondrial respiratory chain

mitochondrial depolarization

membrane permeability

PPP

HTRA2

PKA

unsaturated fatty acid

(S)-malate(2-)

purine nucleotide

PINK1

HSPD1

SOD1

CDK5

CHCHD2

mutated A141S

HTRA2
mutated G399S

HTRA2

BCL2L11

DNM1L

NDUFA10

TOMM20

HSPA9

TRAK1

MFN2

PINK1

PINK1

VDAC1

BMF

PINK1

P

P MAPK14

HTRA2

HSPE1

HAX1

HTRA2

TOMM20

MAPK12

Ac NDUFA9

RHOT2

SIRT3

KIF5B

RHOT1

TOMM20

hydrogen peroxide

diazoxide

mt UPR

superoxide

ROS

O2

NADH

ADPcitrate(3-)

NAD(+)

ATPTiopronin
superoxide

ATP

glutathione

H+H+

H+

H+

H+K+

Ca2+

H+H+

Na+

Ca2+

Ca2+

Ca2+

mitochondrion

Calmodulin:CaMKII

Calmodulin

CALM1

Ca2+

CaMKII

CAMK2GCAMK2A

CAMK2DCAMK2B

V-type ATPase complex

ATP6V0E1 ATP6V1D

ATP6V1E1

ATP6V1B2

ATP6V1C1ATP6V0D2

ATP6V1H

ATP6V0C

ATP6V1G1

ATP6V0B

ATP6V0D1

ATP6V0A1

ATP6V1A

autophagy-related genes

GABARAP

SQSTM1

BECN1

RRAGC

VPS26ARAB7A

UVRAG

PRKAG2

MAP1LC3A

HIF1A

WDR45

VPS35

ATG9B

lysosomal hydrolasesand accessory proteins

GBA

NAGLU

HEXA

GLA

CTSD

CTSB

TPP1

GLB1

CTSF PSAP

NEU1

HEXB

Calmodulin:CAMK4

Calmodulin

CALM1

Ca2+ P CAMK4

Calmodulin:CAMK4

Calmodulin

CALM1

Ca2+ CAMK4

TF TFEB

TFEB

MITF

TFEC

TFE3

lysosomal membrane 

CLCN7 SLC36A1

MCOLN1

LAMP1

CLN3

TF RXRa:PPARaPGC1A:TFEB

RXRA

PPARA

TFEB

P
PPARGC1A

phosphorylated p90 RSKs

P P P

P RPS6KA1

P P P

P RPS6KA6

P P P

P RPS6KA2

P P P

P RPS6KA3

TF NFE2L2

EP300

MAFF

P

NFE2L2

CREBBP

MAF

HSF1:HSP40:HSP70

HSF1

HSP70

HSP40

TF ATF6

NFYC

NFYB

ATF6 (N)

NFYA

PKA catalytic subunit

PRKACB

PRKACA

PRKACG

TF NFE2L2

MAF

MAFF

P

NFE2L2

NSMF:importin alpha

Importin subunit alpha

NSMF

NSMF:importin alpha

NSMF

Importin subunit alpha

TF CREB:TORC2

CRTC2

P

CREBBP

P

CREB1

TF CREB:TORC1

P

CREBBP

CRTC1

P

CREB1

NF-Y

NFYA

NFYB

NFYC

TF HSF1

HSF1

TF CHOP:FOXO

FOXO3

DDIT3

TF CREB

P

CREBBP

P

CREB1

TF PPARA

PPARA

P
PPARGC1A

TF MEF2D

P
PPARGC1A

MEF2D

TF MEF2C

P
PPARGC1A

MEF2C

TF ERRa

ESRRA

P
PPARGC1A

TF NR4A2

NR4A2

TF NRF2

GABPA

P
PPARGC1A

TF NRF1

NRF1

P
PPARGC1A

TF PITX3

PITX3

TF SREBF1

SREBF1

TF LMX1A/B

LMX1B

LMX1A

TF YY1

P
PPARGC1A

YY1

TF CHCHD2

CHCHD2

TF FOXO3

FOXO3

TF ZSCAN21

ZSCAN21

TF CHOP:C/EBPb

CEBPB

DDIT3

TF EN1

EN1

TF EMX2

EMX2

TF MAF

MAF

MAFF

TF AP-1

JUN

TF NKX6-1

NKX6-1TF XBP1

ATF6 (N)

XBP1

TF CHOP:ATF4

ATF4

DDIT3

TF ATF4

ATF4

TF FOXA1/2

FOXA2

FOXA1

TF MKL/GATA2

GATA2

SRF

TF FOXO3

FOXO3

P
PPARGC1A

TF E2F1/TFD1

E2F1

TFDP1

TF FOXO3

FOXO3

nuclear lamina

LAMB1

GSK3

GSK3A GSK3B

TF TP53

P P

TP53

aggregates

mutated A53T

SNCA

lysosomal membrane organization

cAMP/cGMP protein kinase

pentose phosphate pathway

chaperone-mediated protein folding

Importin subunit alpha

retinoic acid synthesis

dopamine metabolism

response to oxidative stress

glutathione transferase activity

response to oxidative stress

mitochondrial transcription

cellular detoxification

lysosomal storage disease

mitochondrial biogenesis

mitochondrial biogenesis

mitochondrial biogenesis

mitochondrial transport

lysosomal acidification

glutathione metabolism

pacemaking activity

axonal transport

cell aging

lysosomal biogenesis

mitochondrial biogenesis

dopamine metabolism

ER stress response

hydrolase activity

cell cycle

differentiation

neurogenesis

NAD depletion

neuron survival

development

DNA methylation

ROS metabolism

cell cycle arrest

fatty acid oxidation

lipid catabolismmTORC1

LMNA

RNF139

CRTC2

GATA2

P P

TP53

complex V

JUN

FOXA2

SOH

MEF2C

NSMF

complex IV

KAT2A

SNCA

sumo

SFPQ

P
PPARGC1A

CRTC1

mutated G2019S

LRRK2

mutated A53T

SNCA

MAPK9NFE2L2

NCOR2

TP53

ZNF746

DNMT1

DDIT3

isoform 6

LMNA

EP300

Ac

P

P

PPARGC1A

ATF4

Ac

P

P

PPARGC1A

P
CREBBP

ZKSCAN3

MKL1

E2F1

P

CREB1

PARP1

CEBPB

ESRRA

Ac
HSF1

P

P
PPARGC1A

TFDP1

DDIT3

CREB1

XBP1

PIN1

PARP1

PRKN

CREBBP

SREBF1

P MAPK9

SRF

SNO

MEF2C

ATF6 (N)

PARK7

MEF2C

ATXN3

CDK5

CEBPB

EN1

FOXO3

AMPK

SFPQ

SNCA

P

MEF2D

GSK3B

PBX1

complex II

NRF1

GSK3B

PIAS4

MEF2D

NR1H4

P

FYN

CREB1

TFEB

GABPA

CREB1

PITX3

sumo

NR4A2

CREBBP

KCNIP3

RXRA

SIRT1

mutated G2019S

LRRK2

MAPK p38

AcPPARGC1A

PRKCD

P

SREBF1

SNCA

MIDN

NR4A2

P

NFE2L2
CREB1

YY1

SIRT1

PINK1

PPARA

Fission/Fusion

DNA damage

PPARGC1A

ERAD

translation

autophagy

autophagy

autophagy

autophagy

mt UPR

autophagy

apoptosis

autophagy

mitophagy

apoptosis

hypoxia

autophagy

autophagy

apoptosis

HSP90B1

COX5A

PRKAA2

PTEN

CFLAR

ATP5B

PPARA

HSPA1A

ATG10

DCTN1

DDIT3

COX4I1

SDHD

IDH3B

VDAC1

SLC25A27

SQSTM1

RGS6

RET

IDH3ASIRT3

ADCYAP1
NR4A2

ATG5

TFEB

COX8A

TFB1M

MIR9-2

DRD2

KCNJ6

PINK1

BDNF

CAT

COX5B

ATF4

HSP70

HSPD1

NKX6-1

DNM1L

HSPE1

EN1

POLRMT

SDHC

IGF2R

ATG3

TFB2M

GABARAPL1

TXNIP

COX6A1

PDIA2

MAP1LC3B

MIR128-2

COX7A2

COX5A

SLC18A2

VIP

BCL2L11

UCP2

CEBPB
ATG7

MIR133B

SLC6A3

COX6B1

DDC

MIR128-1

HSPA5

PPARGC1A

GABARAPL2

SLC25A14

SOD2

KIF1A

SURF1

GGT1

GCLM

CALR

BECN1ATG16L1

FASLG

BCL2

HSP90

BBC3

COX8A

SYVN1

SLC18A2

DERL1

BID

PITX3

SDHB

BECN1

NR4A2

PPARGC1A

ATG12 FIS1

EIF4EBP1

MAP1LC3A

TH

COX7B PRDX1

SESN3

PRKN

BCL2L11

NDUFB8

retinoic acid

GABARAPL1

GABARAP

ATP5C1

DDC

ATG12

KLC1

MUL1

COX5A

MFN2

NQO1

RICTOR

ULK1

DDIT3

PPARGC1A

ALDH1A1COX6A1 FOXO3

TFEB

SNCA

SESN3

NOTCH1

SLC6A3

COX5B

DNAJB

DYNC1H1

FOXO1

PPP1R15A

NBR1

SQSTM1

GCH1 MAP1B
COX7C

BNIP3L

TXN

DDIT4

G6PD

LMX1B

GSR

HSPA1B

LMX1A

CHCHD2

BBC3

DRD2

GDNF

TH

TFAM

XBP1

TFAM

BDNF

PPARGC1A

GPX1

EDEM2

ATP5G1

TOMM20

BNIP3

GSTP1

NRF1

IDH3G

ATG5

TXNRD1

LMNA

SOD1

HSPB1

SLC1A1

COX4I2

GSS

CDKN1A

CLPP

ALDH1A1

NDUFS8

SNCA

COX6C

EDEM1

MIR9-1

CYCS

CYCS

ROS

SLC25A27 SLC25A14

NO

RNS

NAD(+)

acetyl-CoA

nucleus

closed

Permeability transition pore

VDAC1
PPIF

SLC25A4

open

Permeability transition pore

PPIF

SLC25A4

VDAC1

BNIP3:S-OPA1

BNIP3

OPA1 (S)

protofibril

SNCA

mitochondrial membrane potential

intrinsic apoptosis

mitochondrial fragmentation

mitochondrial fission

mitochondrial fusion

mitochondrial fission

cristae formation mtDNA deletions

OPA1OPA1 (S)

mutated A53T

SNCA YME1L1 OMA1 OPA1 (S)OMA1

P TRAP1

BNIP3

SIRT3

OPA1

mutated E46K

SNCA PARL

PMPCA

OPA1 (S)OPA1 (L)SNCA

Ca2+mitochondrial matrix

Bcl-XL interacting BH3-only proteins

BBC3

BAD

PMAIP1

BID (p15)

BCL2L1

Bcl-XL:BH3-only proteins

Bcl-XL interacting 
BH3-only proteins

BCL2L1

BCL2 family complex

Bcl-2:BH-3 
only proteins

BCL2

Bcl-2:BH-3 only proteins

BBC3

BID (p15)

PBCL2L11

PBMF

ATG5:BCL2L1

ATG5 (fragment 1-193)

BCL2L1 PINK1:PRKN

PINK1

PRKN

PINK1:PRKN

PINK1

PRKN

BCL2:VDAC1

VDAC1

BCL2

CHCHD2:BCL2L1

CHCHD2 BCL2L1

BCL2L1:mutated PARK7

BCL2L1

mutated L166P

PARK7

BID:BAK1

BAK1

My BID (p15)

HK2:VDAC1

VDAC1

HK2

BID:BCL2

BCL2

My BID (p15)

PIN1:JIP3

PIN1

MAPK8IP3

PINK1:BCL-xL

BCL2L1

PINK1

MNF2:BAK2

MFN2

BAK1

BCL2L1:BAX

BAX

BCL2L1

Calpain-1

CAPN1

CAPNS1

Bcl-XL interacting 
BH3-only proteins

Bcl-2:BH-3 
only proteins

MFN1 oligomer

MFN1

mitochondrial depolarization

mitochondrial depolarization

mitochondrial fusion

mitochondrial dysfunction

PPP

HTRA2

VDAC1

intrinsic apoptosis

apoptosis signaling

BAK1 BAX

MUL1

VDAC1

SUMO

DNM1L

BAK1

VDAC1

Ub FIS1

DNM1L

P BAX

FIS1

BCL2L11

VDAC1

MUL1

CYCS

P VDAC1

MFN1

BAD BCL2 BAK1

MFN2

My BID (p15)

PINK1

CYCS

BCL2L1

MFN2

DIABLO

BAX MFN1

BCL2L1

DNM1L

mutated L166P

PARK7

VDAC2

CHCHD2

VDAC3

HTRA2

autophagy OXPHOSOXPHOS

ATP

ROS

mitochondrion

TIM Complex

TIMM50

TIMM44
TIMM17A

TIMM17B

TIMM23

PMPCA

PARLPINK1

PMPCB

PGAM5

mitochondrial matrix

TOM complex

TOMM20

TOMM22

TOMM6

TOMM70

TOMM5

TOMM40

TOMM7

BCL2L1:BAX:PARK7

BCL2L1

SO2H@C106

PARK7

BAX

oxidized PARK7 dimer

SO2H@C106

PARK7

SO2H@C106

PARK7

PINK1:PRKN

PRKN

PINK1

PINK1:PRKN

PRKN

PINK1

PINK1:PRKN

PRKN

PINK1

BCL2L1:BAX

BAX

BCL2L1

mitochondrion

PINK1 (fragment 52kD)

mitochondrial depolarization mitochondrial depolarization

SIAH3

SQSTM1

VPS13C

MFN1

PGAM5 (S)

SNCA

HDAC6

SO2H@C106

PARK7

Ub VDAC1

PINK1

MFN2

BNIP3L

OPTNPINK1

MAP1LC3A

VDAC1

GABARAP

HSPA9

DNM1L

MUL1

PINK1

GABARAPL1

V-type proton ATPase

V1 subunit

ATP6V1E2

ATP6V1B2 ATP6V1H

ATP6V1B1

ATP6V1G1

ATP6V1D

ATP6V1E1

ATP6V1G2

ATP6V1A ATP6V1C2

ATP6V1C1

V0 subunit

ATP6V0A1

ATP6V0E1

ATP6V0D2

ATP6V0E2

ATP6V0A2

ATP6V0C

ATP6V0D1

ATP6V0B

TCIRG1

V0 subunit

ATP6V0A1

ATP6V0E1

ATP6V0D2

ATP6V0E2

ATP6V0A2

ATP6V0C

ATP6V0D1

ATP6V0B

TCIRG1

generic substrates of CMA

RNASE1GAPDH

generic substrates of CMA

GAPDH RNASE1

LIMP2:GBA

GBA

SCARB2

LAMP2 multimer

LAMP2

LAMP2 multimer

LAMP2

protofibril

SNCA

misfolded

SNCA

misfolded

SNCA

chaperone-mediated autophagy

chaperone-mediated autophagy

lysosomal lumen acidification

proteolysis

CTSD (32kDa) CTSD (44kDa)

LAMP2

HSPA4

mutated G2019S

LRRK2

mutated A53T

SNCA

TPCN2

SNCA

LRRK2LRRK2

ATP13A2

SNCA

LRRK2

SCARB2

LAMP3

SNCA

ATP13A2

GBA

PSAP

mutated G2019S

LRRK2N-acylsphingosine

alpha-D-glucose glucosylceramide

lysosome

Zn2+

Ca2+

H+

ULK1-PI3K complex

PI3K III complex

BECN1

ATG14

PIK3R4

P

PIK3C3

ULK1 complex

ATG101

P

ULK1 RB1CC1

P ATG13

IP3 receptor

IP3 

ITPR2 ITPR3ITPR1

ULK1 complex

ATG101

P

ULK1 RB1CC1

P ATG13

PI3K III complex

BECN1

ATG14

PIK3R4

P

PIK3C3

SERCA

ATP2A2
MFN2

Ca2+

Ca2+

Ca2+

ER

SQSTM1:LC3

SQSTM1:protein

SQSTM1

UbUbUb

generic protein

MAP1LC3B

LC3:ATG3

ATG3

MAP1LC3B (fragment 2-120)

LC3:PE

PE

MAP1LC3B (fragment 2-120)

SQSTM1:protein

SQSTM1

UbUbUb

generic protein

ATG12:ATG5:ATG16L1

ATG16L1

ATG5

ATG12

PI3P:HGS

PI3P

HGS

WIPI:PI3P

WIPI2

PI3P

phagophore membrane

phagophore

ATG16L1

PEPE

Ryanodine receptor

RYR1 RYR3RYR2

PI3K III complex

PIK3C3

BECN1 PIK3R4

ATG14

PI3K III complex

BECN1

ATG14

PIK3R4

P

PIK3C3

TAB2:TAB3:BECN1

TAB2

BECN1

TAB3

BECN1:BCL2

BECN1

BCL2

BCL2L1:BECN1

BECN1

BCL2L1

ITPR1:NAF1

ITPR1

NAF1

P

BECN1 PAMBRA1 ATG14BCL2BCL2L1BECN1

ER

HSPA5 (BiP): SNCA fibril

fibril

SNCAHSPA5

ERN2 cluster

misfolded

generic protein

ERN2

HSPA5:misfoded protein

HSPA5

misfolded

generic protein

LRRK2:SEC16A

SEC16A

LRRK2

PERK:BIP

EIF2AK3

HSPA5

ATF6:BIP

ATF6

HSPA5

IRE1:BIP

ERN1

HSPA5 BCAP31 (fragment 2-164)

BCAP31 (fragment 165-237)

ER-associated protein degradation

ER-Golgi vesicle mediated transport

fibril

SNCA

fibril

SNCA

oxidative protein folding

misfolded

generic protein

generic protein

misfolded

generic protein

unfolded

generic protein

misfolded

generic protein

hydrogen peroxide

glutathione disulfide

BCAP31

ERN2

HSPA5

oxidized

PDIA2

ATF6

S-nitrosylation

PDIA2
reduced

PDIA2

oxidized

ERO1A

reduced

ERO1A

EIF2AK3

PRDX4

HSPA5

PP ERN1

ERES

ER Stress

glutathione

NO

O2 H2O

ER

Ryanodine receptor

RYR1 RYR2 RYR3

IP3 receptor

ITPR3ITPR2ITPR1

LIMP2:GBA

SCARB2

GBA

ER unfolded protein response

GBA

SNARE

mutated

GBA

SCARB2

ER stress

PI3P

Ca2+

tubulin

TUBB6

P

TUBB

TUBB4A

Alpha tubulin

tubulin

TUBB

TUBB4A

TUBB6

Ac

Alpha tubulin

dynein

DYNLL2

DYNLL1

kinesin

KIF1

KIF5B

microtubule destabilizationaxonal transport microtubule organizationmicrotubule organisation microtubule stability

dystonia type 4

Beta tubulin Alpha tubulinMAPT DPYSL2

DCTN1ACTR1A AcMAPTMAPRE1

MAPT MAPTMAPT

axonal transport

microtubule

anchored PI3K III complex

PI3K III complex

BECN1

PIK3C3

PIK3R4

AMBRA1DYNLL1

DYNLL2:BMF

BMF

DYNLL2

BCL2L11:DYNLL1

BCL2L11

DYNLL1 DYNLL1P DYNLL2 P DYNLL1

microtubule

microtubule

microtubule

SNX-BAR retromer

RAB7-bound VPS sub-complex

retromer VPS sub-complex

GTP

RAB7A

SNX-BAR sub-complex

SNX-BAR sub-complex

SNX2

SNX32

SNX1

SNX5 SNX6

retromer VPS sub-complex

VPS35

VPS26B

VPS29

VPS26A

RAB7-bound VPS sub-complex

retromer VPS sub-complex

GTP

RAB7A

CTSD:M6PR

IGF2R

CTSD (52kDa)

late endosome

SNX-BAR sub-complex

endosomal lumen acidification

CTSD (52kDa)

CTSD (44kDa)

BACE1

ATP13A2

GTP

RAB7A

GTP

RAB7A

RAB7A

RAB32

UbUbUb

SNCA

IGF2R

GDP

RAB7A

fibril

SNCA

protofibril

SNCA

misfolded

SNCA

P

SNCA

GABARAPL2

PARK7

ATP13A2

MAP1LC3A

PINK1

RAB7A

LRRK2
PUb

SNCA

SNCAIP

PRKN

RAB7B

NUB1

HDAC6

SQSTM1

GABARAP

UCHL1MAPT DNAJB9

PUbUbUb

SNCA

NEDD4

GABARAPL1

dopamineL-dopa

Lewy Body

WIPI:PI3P

WIPI2

PI3P

ZFYVE1:PI3P

PI3P

ZFYVE1

omegasome

ZFYVE1 WIPI2PI3P

mitochondrial 
derived vesicle

macroautophagylate endosome

Ragulator:SLC38A9

Ragulator

LAMTOR3LAMTOR2

LAMTOR1

LAMTOR3LAMTOR2

LAMTOR1

RAGs

RRAGD

RRAGC

RRAGDRRAGB

RRAGC

RRAGB

RRAGARRAGA

SLC38A9

v-ATPase

autophagy-lysosome system

GTP

RHEB

GDP

RHEB

amino acids

arginine

lysosome

Caspase-8

CASP8 (p18)

CASP8 (p10)

generic protein

misfolded

generic protein

SIRT3

SIRT3

CLPP

MAPK9

AcFOXO3

HSPE1

LONP1

FOXO3HSPD1

mt UPR ROS

mitochondrial matrix

HTRA2

mitochondrion

VPS35:DNM1L

VPS35DNM1L

oxidized

generic protein

oxidized lipid membrane

mitochondrial 
derived vesicle

TOMM20

SNX retromer

VPS sub-complex

VPS29 VPS35

VPS26BVPS26A

SNX3:SNX12

SNX3 SNX12

retromer VPS sub-complex

VPS35

VPS26B

VPS29

VPS26A

VPS sub-complex

VPS29 VPS35

VPS26BVPS26A

SNX3:SNX12

SNX12SNX3CTSD:M6PR

IGF2R

CTSD (52kDa)

early endosome

CTSD (52kDa)

RAB5A

UbUbUb

SNCA

BACE1

IGF2R

LRRK2:RAB7L1:GAK

LRRK2

RAB29

GAK

RAB10

RAB8A LRRK2PRAB8A

GAK

LRRK2

RAB29

PRAB10

Golgi

DNM1L:BCL2L1:MFF:clathrin

clathrin

clathrin, heavy chain

clathrin, light chain

MFF

DNM1L

SYP

BCL2L1

clathrin coat

clathrin

clathrin, heavy chain

clathrin, light chain

PIP2

clathrin

clathrin, heavy chain

clathrin, light chain

clathrin

clathrin, heavy chain

clathrin, light chain

BCL2L1:DNM1L

DNM1L

BCL2L1

clathrin-coated vesicle

NMDA receptor

NR1 interacting proteins

NEFL

DLG4

ACTN2

AKAP9

NR2 interacting proteins

CaMKII

CAMK2B

CAMK2A

CAMK2D

CAMK2G

DLG4ACTN2

NMDAR:ligand complex

NR1:NR2

NR1 subunits

GRIN1

NR2 subunits

GRIN2A GRIN2B

GRIN2DGRIN2C

Mg2+

active zone complex

Calcium channel (N and P/Q type)

V-D Ca2+ channel, P/Q-A-1 subunit

V-D Ca2+ channel, N-A-1 subunit

TSPOAP1

RAB3A

UNC13B

RIMS1

trans-SNARE complex

STXBP1SNAP25

VAMP2

STX1A

Calcium channel (N and P/Q type)

V-D Ca2+ channel, P/Q-A-1 subunit

V-D Ca2+ channel, N-A-1 subunit

CSP:Hsc70:SGT

SGTA

HSPA8

DNAJC5

docked synaptic vesicle

SLC18A2

SNCA

SYT1

SYP

dopamine

dopamine

dopamine

active zone complex

Calcium channel (N and P/Q type)

V-D Ca2+ channel, P/Q-A-1 subunit

V-D Ca2+ channel, N-A-1 subunit

UNC13B

RIMS1

TSPOAP1

RAB3A

trans-SNARE complex

STX1A

STXBP1SNAP25

VAMP2

Calcium channel (N and P/Q type)

V-D Ca2+ channel, P/Q-A-1 subunit

V-D Ca2+ channel, N-A-1 subunit

fusing synaptic vesicle

SYT1

SYP

SLC18A2

SNCA

dopamine

dopamine

dopamine

Synapsin

SYN2

SYN3

SYN1

dopamine-loaded synaptic vesicleSYP

RAB3A

VAMP2

DNAJC5

CADPS2

SLC18A2

SYT1

HSPA8

SNCA

dopamine

dopamine

dopamine

DHTBZ

flotillin

FLOT1

FLOT2

protofibril

SNCA

multivesicular body

ATP13A2

GAPDH

HSP70

ANXA2

PDCD6IP

SNCA

Zn2+

V-ATPase

V-ATPase proteolipid subunit

acidified vesicle
RAB3A

SYT1

SNCA

VAMP2

SYP

DNAJC5

H+

AMPA receptor

GRIA2

GRIA3

GRIA4

UbGRIA1

lysosome

transmembrane AMPA regulatory complex

VDCC gamma-2 subunit

CACNG8CACNG4

CACNG2 CACNG3

MDM2DLG4

AMPA receptor

GRIA1

GRIA2

GRIA3

GRIA4

CaMKII

CAMK2B CAMK2D

CAMK2GCAMK2A

VDCC gamma-2 subunit

CACNG8CACNG4

CACNG2 CACNG3

endocytic vesicle

recycling endosome

RAB32LRRK2

AMPA receptor

GRIA2

GRIA3 UbGRIA1

GRIA4

endocytic vesicle

AMPK

beta subunit

PRKAB1

PRKAB2

gamma subunit

PRKAG2

PRKAG1

PRKAG3

alpha subunit

PRKAA1

PRKAA2

AMPK

gamma subunit

PRKAG3

PRKAG2

PRKAG1

alpha subunit

P

PRKAA1

P

PRKAA2

beta subunit

PRKAB1

PRKAB2

L-type Calcium channel (Cav1.2 and Cav1.3)
beta subunit

CACNB1 CACNB3CACNB2

alpha 2/delta subunit

CACNA2D3

CACNA2D2

CACNA2D1

CACNA2D4

alpha1 subunit

CACNA1D

CACNA1C

MAOB:FAD

MAOB

FAD

MAOA:FAD

FAD

MAOA

MAOB

PRKN

Ub MAOB

mitochondrion

PRKN:AMBRA1

AMBRA1

PRKN

mitochondrial depolarization

PRKN

AMBRA1

mitochondrion

TFEB_SNCA

SNCA

P
TFEB

AcP P

FOXO3

14-3-3

Lewy body

26S proteasome actin cytoskeleton

Ragulator:SLC38A9

Ragulator

RAGs

SLC38A9

MCOLN1

v-ATPase

Ca2+

lysosome

TNFR1 complex

TNF

TNFRSF1A

TRADD RIPK1TRAF2

TNFRSF1A

TNFRSF1A

VPS26:VPS35:MUL1

VPS26A

VPS35

VPS26B

MUL1

peroxisome

early endosome

Calmodulin:CaMKII

Calmodulin

CALM1

Ca2+

CaMKII

CAMK2G

CAMK2DCAMK2B

CAMK2A

adenylate cyclase

ADCY7

ADCY5 ADCY6ADCY4

ADCY1

ADCY8

ADCY3ADCY2

ADCY9

adenylate cyclase

ADCY4 ADCY5

ADCY2

ADCY7 ADCY9

ADCY3

ADCY8

ADCY1

ADCY6

Ca channel:RIMBP

Calcium channel (N and P/Q type)

V-D Ca2+ channel, N-A-1 subunit

V-D Ca2+ channel, P/Q-A-1 subunit

TSPOAP1

TNFR1 complex

TNFRSF1A

FADD

TNF

TRADD

TNFRSF1A

TNFRSF1A

transmembrane AMPA regulatory complex

VDCC gamma-2 subunit

CACNG2

CACNG8

CACNG3

CACNG4

DLG4 MDM2

IL1 receptor complex

TRAF6

IL1R1IL1R1

IRAK4

MYD88

IL1B

WNT signalosome

LRP5

FZD1

GSK3B

DVL

LRP6

WNT3

LRRK2

CTNNB1

actin rich filopodia

ADP

filamentous actin

ERM

PEZR

PRDX

PMSN

SQSTM1:LC3

SQSTM1:protein

SQSTM1
UbUbUb

generic protein

MAP1LC3B

ATF6 (N)
Golgi

released PI3K III complex

PI3K III complex

BECN1

PIK3C3

PIK3R4

PAMBRA1

Calcineurin

Regulatory subunit

PPP3R1

PPP3R2

Catalytic subunit

PPP3CB

PPP3CA

PPP3CC

Calcineurin

Catalytic subunit

PPP3CA

PPP3CC

PPP3CB

Regulatory subunit

PPP3R1

PPP3R2

mutated R1441C/G/H

LRRK2

mutated Y1699C

LRRK2

mutated I2020T

LRRK2

inclusion body

exosome

P
LRRK2LRRK2

exosome

BAG3:HSPB8:STUB1:HSPA4:protein
HSPA4:ADP:protein

ADP

HSPA4

UbUbUb

generic protein

HSPB8BAG3 STUB1

Sec5 Exocyst subcomplex

EXOC4

EXOC5

EXOC2EXOC6EXOC3

EXOC1

EXOC7

Exo84 Exocyst subcomplex

EXOC3 EXOC6

GTP

RALB

EXOC7

EXOC1

EXOC8

EXOC5

EXOC4

PKA

regulatory subunit

PRKAR2B 

catalytic subunit

PRKACG

PRKACB

PRKACA

golgiLIMP2:GBA

SCARB2

GBA

golgi

HSP70:chaperone

co-chaperones of HSP70

BAG1STUB1 DNAJB2

HSP70

HDAC6:HSF1:HSP90

HSP70

HSP40

PTGES3

HSP90

HDAC6

Ac
HSF1

Go to 'Iron metabolism' submap

NMDA receptor

NMDAR:ligand complex

NMDA receptor

NMDAR:ligand complex

glycine L-glutamate(2-)

perinuclear aggresome
fibril

Ub

SNCA

HDAC6

SQSTM1

cofilin:actin

cofilin

CFL2

CFL1

ADP

globular actin

profilin:actin

ATP

globular actin

profilin

PFN2

PFN1

cis-SNARE complex

STXBP1SNAP25

STX1A

VAMP2

ARRB2:PP2A

protein phosphatase 2A

PPP2CBPPP2CA

ARRB2

autophagosome

Calmodulin:CAMK4

Calmodulin

CALM1

Ca2+ CAMK4

activated

AMPA receptor:ligand

GRIA3

GRIA4

GRIA1

GRIA2

L-glutamate

Apoptosome
Caspase-9

CASP9 (p35)

CASP9 (p10)
CYCS

APAF1

Go to 'Ubiquitin-proteasome system' submap

Go to 'PRKN substrates' submap

AMPA receptor

GRIA4

GRIA1

GRIA2

GRIA3

mTORC2

MLST8

RICTOR

PRR5MAPKAP1

MTOR

mTORC1

DEPTOR

MLST8MTOR

AKT1S1

RPTOR

mTORC1

AKT1S1

MTOR

DEPTOR

RPTOR

MLST8

RTN4R:UNGO1:NGFR

LINGO1RTN4R NGFR

ARHGEF7:LRRK2

ARHGEF7

LRRK2

actin polymerisation

trans-Golgi network

autolysosome

ULK1 complex

RB1CC1
P

P

ULK1

ATG101P ATG13

ULK1 complex

ATG101

ULK1 RB1CC1

ATG13

ULK1 complex

P ATG13

P

ULK1 RB1CC1

ATG101

clathrin

clathrin, light chain

clathrin, heavy chain

p90 RSKs

RPS6KA6RPS6KA2

RPS6KA3RPS6KA1

phosphorylated p90 RSKs

P P P

P RPS6KA1

P P P

P RPS6KA2

P P P

P RPS6KA3

P P P

P RPS6KA6

G-actin

globular actin

MKL1

HSP90:CDC37:ULK1:ATG13

HSP90AA1

CDC37

ULK1

ATG13

CaMKII

CAMK2D

CAMK2A CAMK2G

CAMK2B

SCF complex

FBXL20

SKP1

CUL1

CYCS:APAF1:CASP9

CASP9
APAF1

CYCS

DRD2

endocytic vesicle

Wiskott-Aldrich syndrome proteins

WASF3

WASL

WASF1

WAS

LC3:ATG7

ATG7

MAP1LC3B (fragment 2-120)

HSP90:CDC37:ULK1:ATG13

ULK1HSP90AA1

CDC37 ATG13

ULK1 complex

P

RB1CC1
P

ULK1

ATG101
P

ATG13

ULK1 complex

P

ATG13

P

ULK1

ATG101

P

RB1CC1

RET:GFRA1:GDNF

GDNF

GFRA1

P

RET

HSP90:CDC37:ULK1

HSP90AA1

CDC37

ULK1

PMCA

ATP2B3

ATP2B4

ATP2B1

ATP2B2

Casein Kinase 2 complex

CSNK2B

CSNK2B

CSNK2A1

CSNK2A1

NFkappaB:IkappaB

NFKB1

P

P
NFKBIA

RELA

NFkappaB:IkappaB

RELA

NFKBIA

NFKB1

NFkappaB:IkappaB

NFKB1 RELA

P

P
UbNFKBIA

PI3K III complex

PIK3R4

PIK3C3

BECN1

PI3K III - VMP1 complex

PIK3R4

PIK3C3

BECN1

VMP1

adenylate cyclase

ADCY8

ADCY3

ADCY1

14-3-3

YWHAZ

YWHAQ

YWHAE

YWHAG

CaMKII

CAMK2DCAMK2B

CAMK2A CAMK2G

ERM

EZR

RDX

MSN

ERM

PRDX

PEZR

PMSN

SQSTM1:protein

UbUbUb

generic protein SQSTM1

HSPD1

mitochondrion

ASK1:TRAF2:TRAF6

MAP3K5 TRAF2 TRAF6

ASK1:TRAF2:TRAF6

TRAF6TRAF2

P

MAP3K5

GSH/GSSG ratio

glutathione

glutathione disulfide

ubiquilin

UBQLN4UBQLN1 UBQLN2

nuclear RCC complex

PUM1

nuclear RCC RNA

HNRNPF

nuclear RCC complex

nuclear RCC RNA

PUM1

G protein, alpha i

GNAI3GNAI2GNAI1

HSPA4:ADP:protein

ADP

HSPA4

UbUbUb

generic protein

ribosome

PKA catalytic subunit

PRKACG

PRKACB

PRKACA

PKA catalytic subunit

PRKACA

PRKACG

PRKACB

G beta gamma complex

G-protein, gamma subunit

G-protein, beta subunit

NCX

SLC8A2

SLC8A3

SLC8A1

RISC

miRNA

mir-184*

Let7

AGO2

IKK complex

CHUK

P

P
IKBKB

IKBKG

catalytic subunit

PRKACG

PRKACB

PRKACA

AKT

AKT2

AKT1

AKT3

IKK complex

IKBKB

IKBKG

CHUK

GATOR1

DEPDC5

NPRL3

NPRL2

CDK5:p25

CDK5

CDK5R1 (p25)

sestrin:GATOR2

GATOR2

SESN2

lactate dehydrogenase complex

LDHBLDHA

small-conductance KCa channels

KCNN2

KCNN3

KCNN1

ribosome

NFkappaB

RELANFKB1

SCF-Cdc4 ubiquitin ligase complex

SCF-Cdc4 complex FBXW7

SCF-Cdc4 ubiquitin ligase complex

SCF-Cdc4 complex FBXW7

DNML1:LRRK2

DNM1L
mutated G2019S

LRRK2

DNML1:LRRK2

LRRK2 DNM1L

BIMEL PIN1

PIN1
P

BCL2L11

Caspase 8

CASP8 (p10)

CASP8 (p10)

GSH/GSSG ratio

glutathione disulfide

glutathione

LRRK2:14-3-3 theta

YWHAQ

mutated G2019S

LRRK2

PP2A

PPP2CA PPP2CB

14-3-3 sigma:Bax

SFN

BAX

14-3-3 zeta:Bax

YWHAZ

BAX

LRRK2:14-3-3

14-3-3

P

PP
LRRK2

PP1

PPP1CB

PPP1CA

PPP1CC

TAB2:TAB3:MAP3K7

TAB3

MAP3K7

TAB2

GSH/GSSG ratio

glutathione

glutathione disulfide

HSP90:LRRK2

LRRK2

HSP90

LRRK2:HSP90

LRRK2

HSP90

CDK5:p25

CDK5R1 (p25)

CDK5

p62 LC3 complex

MAP1LC3B

SQSTM1

slingshot protein  phosphatase

SSH3

SSH1

LRRK2:GSK3

GSK3B

LRRK2

NGF receptor

NGF

NTRK1

CDK5:p25

CDK5R1 (p25)

CDK5

generic substrates of CMA

GAPDH RNASE1

CDK5:p25

CDK5

CDK5R1 (p25)

FAS:FADD

FADD

FAS

GFRA1:GDNF

GFRA1

GDNF

TRAF2:TRAF6

TRAF6

TRAF2

CDK5:p25

CDK5R1 (p25)

CDK5

TFEB_14:3:3

14:3:3

P
TFEB

LRRK2 dimer

PLRRK2

PLRRK2

GSTP1:CDK5

GSTP1

CDK5

KEAP1:CUL3

oxidized cysteine

KEAP1

CUL3

phosphorylated

PIK3 complex

PIK3R4

P

PIK3C3

pSNCA129:PLK2P

SNCA

PLK2

SQSTM1:KEAP1

oxidized cysteine

KEAP1

SQSTM1

FZD1:WNT1

FZD1

WNT1

PARK7:DAXX

SOH@C106

PARK7

DAXX

DDB1:CUL4A

DDB1CUL4A

APC/C-CDH1

APC/C CDH1

BID:BAX

BID (p15)

BAX

Caspase-2

CASP2 (p18)

CASP2 (p13)

EIF4EBP1:EIF4E

EIF4E

EIF4EBP1

PARK7 dimer

mutated L166P

PARK7

mutated L166P

PARK7

profilin

PFN2

PFN1

TXN:MAP3K5

TXN

MAP3K5

ESCRT-III complex

CHMP2B

ESCRT-I complex

TSG101

PIDDsome

PIDD1

CRADD

Tyrosine 3-monooxygenase

P

TH Fe2+

BAX:XRCC6

BAX

XRCC6

PARK7:KEAP1

KEAP1

PARK7

cofilin

CFL1

CFL2

cofilin

CFL1

CFL2

caspase-6

CASP6 (p11)

CASP6 (p18)

cofilin

CFL2

CFL1

HSPA8:DNAJC6

DNAJC6

HSPA8

DAXX:ASK1

DAXX

MAP3K5

APAF1:CYCS

CYCS

APAF1

RHOT2:LRRK2

RHOT2

LRRK2

dynein

DYNLL1

DYNLL2

PIN1:MCL1

P

MCL1

PIN1

PIN1:CTNND2

PIN1

P CTNND2

nanocluster:fibril

ATP1A3

SNCA

ASK1:PARK7

MAP3K5

SOH@C106

PARK7

caspase-3

CASP3 (p17)

CASP3 (p12)

Insulin receptor

P
IRS1

IGF1R

STX1A:STXBP1

STXBP1

STX1A

NSF:NAPA

NSF

NAPA

KEAP1:PGAM5

KEAP1

PGAM5

HSPA8:GAK

GAK

HSPA8

ATXN3:VCP

ATXN3

VCP

PARK7 dimer

PARK7

PARK7

NSF:NAPB

NAPB

NSF

ULK1:ATG13

ULK1

ATG13

TRAF2:GSTP1

TRAF2

GSTP1

XIAP:CASP7

XIAP

CASP7

RIMS:Munc13

UNC13B

RIMS1

insoluble aggregates

PRKN

TFEB_SNCA

SNCA

P
TFEB

alpha3 NKA

ATP1B1

ATP1A3

UBE2N:UBE2V1

UBE2N

UBE2V1

LRRK2:RAB7

mutated G2019S

LRRK2

RAB7A

cofilin

P

CFL1

P

CFL2

STUB1:ATXN3

Ub

mutated polyQ

ATXN3

STUB1

TAU:HDAC6

AcMAPT

HDAC6

TSC1:TSC2

TSC1

P P P

TSC2

XIAP:CASP9

CASP9

XIAP

4EBP1:AGO2

AGO2

PEIF4EBP1

PINK1:BECN1

BECN1

PINK1

ATG12:ATG7

ATG7

ATG12

RHOT1:LRRK2

RHOT1

LRRK2

HSP90:CDC37

HSP90AA1

CDC37

LRRK2:RAB7

RAB7A

mutated G2019S

LRRK2

UCHL1:PRKN

PRKN

UCHL1

KEAP1:CUL3

CUL3

KEAP1

alpha1 NKA

ATP1B1

ATP1A1

RAB5B:LRRK2

LRRK2

RAB5B

JNK:GSTP1

MAPK8

GSTP1

YWHAB:CRTC2

YWHAB

P

CRTC2

XIAP:CASP3

XIAP

CASP3

ATG12:ATG10

ATG12

ATG10

TSC1:TSC2

TSC1

TSC2

cofilin

CFL1

CFL2

Calcineurin B complex

PPP3CC

PPP3R1

STX1A:STXBP1

STX1A

STXBP1

Insulin receptor

IGF1R

IRS1

KEAP1:PTMA

KEAP1

PTMA

MCL1:ATG12

MCL1

ATG12

NSMF:caldendrin

NSMF

CABP1

Rubicon:PIK3C3

RUBCN

PIK3C3

MFN1:BAK1

BAK1

MFN1

LRRK2:DRP1

LRRK2

DNM1L

ATG12:ATG5

ATG5

ATG12

DNMT1:SNCA

DNMT1

SNCA

Tyrosine 3-monooxygenase

Fe2+TH

drug transmembrane transporter activity

PRKN:AMBRA1

AMBRA1

PRKN

Calpain-1

CAPNS1

CAPN1

Calpain-1

CAPN1

CAPNS1

CDK5:CDK5R1

CDK5

CDK5R1

Calpain-1

CAPN1

CAPNS1

Calpain-1

CAPN1

CAPNS1

Caspase-8

CASP8 (p18)

CASP8 (p10)

PLEC:LRRK2

LRRK2

PLEC

ARP2/3

ACTR3

ACTR2

BAD:BCL-2

BCL2

BAD

143B:phospo-BAD complex

14-3-3

P BAD

ARP2/3

ACTR3

ACTR2

PRKN:BECN1

BECN1

PRKN

MPP-SG

glutathioneMPP+

Calmodulin

CALM1

Ca2+

Calmodulin

Ca2+

CALM1

Calmodulin

CALM1

Ca2+

DIABLO:XIAP

DIABLO

XIAP

GCH1:GCHFR

GCHFR

GCH1

regulation of NF-kappaB transcription factor activity

Paraquat-SG

glutathione

paraquat

electrophile-SG

electrophile

glutathione

Caspase-8

CASP8 (p10)

CASP8 (p18)

calcium ion transport into cytosol

caspase-7

CASP7 (p11)

CASP7 (p20)

cAMP/cGMP protein kinase

cAMP/cGMP protein kinase

regulatory subunit

PRKAR2B 

PKA regulatory subunit

PRKAR2B 

pharmacological stimulation of synaptic activity

misfolded

UbUbUb

mutated L166P

PARK7

NMDA 
receptor

mannose-6-phosphate isomerase

retrograde transport, endosome to Golgi

misfolded

generic protein

protofibril

SNCA

protofibril

SNCA

fibril

SNCA

protofibril

Ub

SNCA

protofibril

SNCA

protofibril

SNCA

protofibril

SNCA

misfolded

SNCA

nitrated

SNCA

oxidized

SNCA

MAP1LC3B (fragment 2-120)

AMPA 
receptor

aggregates

SNCA

misfolded

mutated L166P

PARK7

protofibril

SNCA

HSP70 family

HSPA6

extrinsic apoptotic signalling pathway

positive regulation of synaptic activity

extrinsic apoptotic signalling pathway

long-term synaptic potentiation

SCF complex

SKP2

BCL2L1 (fragment 25-233)

BCAP31 (fragment 238-246)

misfolded

SNCA

cAMP/cGMP protein kinase

cellular nickel ion homeostasis

ubiquitin protein ligase activity

cellular manganese ion homeostasis

cellular zinc ion homeostasis

ubiquitin-ubiquitin ligase activity

protection from oxidative stress

ubiquitin conjugating enzyme activity

neutral sphingomyelinase

PKC delta/epsilon/eta/theta

misfolded

ATP13A2

6-O-phosphono-D-glucono-1,5-lactone

5,6-dihydroxyindole-2-carboxylic acid

beta-D-fructofuranose 1,6-bisphosphate

D-glyceraldehyde 3-phosphate

3-phospho-D-glyceroyl dihydrogen phosphate

dendritic spine development

catenin import into nucleus

neuromelanin biosynthetic process

membrane depolarization

activation of LRRK2 protein kinase activity

ADP

filamentous actin

filamentous actin

ADP

filamentous actin

ATG5 (fragment 1-193)

propanoate metabolism

PKC alpha/beta/gamma

PKC alpha/beta/gamma

misfolded

SNAP25

misfolded

UbSNAP25

cytosolic calcium ion homeostasis

cytosolic calcium ion homeostasis

cytosolic calcium ion homeostasis

cytosolic calcium ion homeostasis

response to oxidative stress

AMPK

beta-D-fructofuranose 6-phosphate

actin filament severing

S-adenosyl-L-homocysteine

β-D-Fructose-2,6-bisphosphate

neuron death

neuron death

type 3 spinocerebellar ataxia

positive regulation of autophagy

positive regulation of autophagy

autophagosome formation

mitochondrial motility

3-phosphonato-D-glycerate(3-)

D-mannose 6-phosphate

alpha-D-glucose 6-phosphate

2-phosphonato-D-glycerate(3-)

2,3-bisphospho-D-glyceric acid

beta-D-glucose 6-phosphate

Importin subunit alpha

NMDA 
receptor

actin filament organization

vesicle sorting

mitochondrial fragmentation

mitochondrial fission

cellular response to stress

IRE1-mediated UPR

Akt pathway

ERK1 and ERK2 cascade

ERK1 and ERK2 cascade

ERK1 and ERK2 cascadeAkt pathway

Akt pathway

alpha-D-glucose 1-phosphate

protein deubiquitination

SCF-Cdc4 complex

SCF-Cdc4 complex

S-adenosyl-L-methionine

ephrin receptor

4a-hydroxytetrahydrobiopterin

neurite outgrowth

3-O-Methyldopamine

polymerization

Importin alpha

nicotinamide riboside (NR)

2''-O-acetyl-ADP-D-ribose

1-chloro-2,4-dinitrobenzene

Phospholipase C

epilepsy, familial focal

regulation of cell cycle

globular actin

kinase activityGTPase activity

macroautophagy

AMPK kinase activity

caloric restriction

energy homeostasis

dendrite development

generic protein

UbUbUb

generic proteingeneric protein

Ub

generic protein

S-glutathione

generic protein

oxidized

generic protein

Phospholipase C

mitochondrial dysfunction

protein unfolding

lysosome organization

caloric restriction

5,6-dihydroxyindole

glycerone phosphate

CDK5R1 (p25)

26S proteasome

UbUbUb

generic protein

UbUbUb

generic protein

homovanillin

neuron death

dexamethasone

GRM4

FAS

APP (Abeta42)

Ub

generic protein

IL1R1

GRM1

TNFRSF1A

DRD2

PKA

FZD1 FZD1

DRD2

LAG3

GFRA1

PKA

DRD2 NTRK1

RET

GATOR2

PKA

PLXNA1

GSTP1

GSTP1

lysosomal proteolysis

actin polymerisation

neurite outgrowth

neurite outgrowth

neurite outgrowth

neurite outgrowth

neurite outgrowth

neurite outgrowth

WNT signaling

mitophagy

mitophagy

Ribulose-5-phosphate

tetrahydrobiopterin

6-Phosphogluconate

glutathione disulfide

glutathione disulfide

glutathione disulfide

JNK cascade

homovanillic acid

misfolded

generic protein

neuron death

KCNJ6

ERAD pathway

KCNJ6

PKA signaling

UbAlpha tubulin

PKA signaling

UbBeta tubulin

actin nucleation

PI3K cascade

excitotoxicity

caloric restriction

3-methyladenine

alpha-D-glucose

Parkinson's disease

phosphoenolpyruvate

D-mannose

beta-D-glucose

peroxynitrite

PI3K cascade

wortmannin

cell division

axon extension

FOXO3

STK24

P

AKT1

ubiquitin

ULK1

HSPA9

P
MAPK14

BCL2L11

MCL1

mutation R42P

PRKN

VAMP8

AKT1

SNCA

TRAF6

PPP5C

HDAC6

PDPK1

SEC16A

PTGS2

SREBF1

PGK1

GSTP1

Ub

SNCA

SQSTM1

SEMA3A

CASP6

VCP

PRKN

CSNK2A2

SHANK2

P

P

MAPK1

RAB7A

CRTC2

GPI

PLIMK2

UNC13B

mutated G2019S

LRRK2

DLG4

PINK1

SNCA

NDRG1

CHUK

P

PTS

DNAJB2

AKT1

UNC13B

GLRX

GDP

RHOA

HSPA1L

AMPK

LRRK2

PRDX1

SESN2

mutated polyQ

HTT

BECN1

P
TFEB

mutated G2019S

LRRK2

AKT2

HSP70

NQO1

RHOA

MAPK8

mutated A30P

SNCA

GSN

UbMAPT

P YWHAZ

CTNNB1

HSPA8

SOD1

CAMKK2

GSR

ATG3

FOXO1

PIN1

UbMFN2

G6PD

UbEndophilin A

CAMKK2

SO2H@C106

PARK7

DNAJB1

P P

TP53

MAP1LC3B

mutated A53T

SNCA

CABP1

mutated G2019S

LRRK2

oxidized

TXN

ZNF746

SNCA

MAPK8

DAPK1

P
RPS6KB1

P

PP
LRRK2

IKBKB

P

MCL1

SNCA

TAOK3

CRTC1

HDAC6

MAPK1

FAF1

mutation T240R

PRKN

LRRK2

DDIT3

NAMPT

mutated R1398H

LRRK2

XRCC6

mutated G2019S

LRRK2

P

P

MAPK1

AGO2

BAG3

Ub TOMM20

mutation T415N

PRKN

GABARAP

ATXN3

GSR

MAPK1

LRRK2

PLK3

LRRK2

GSS

P
LRRK2

SIGMAR1

DBNL

CALM1

CHCHD4

PPP

P

MAPT

DNMT1

PARK7

MYO6

STUB1

P BCL2L1

GSK3A

P

ubiquitin

LRRK2

P MAPK9

PRKN

PRKCD

NFKBIA

dopaminoquinone

SNCA

mutated R1441C

LRRK2

PGLS

BAX

DDIT4

GSK3B

E2F1

ENO1

PARK7

oxidized

TXN

PEIF4EBP1

PDEs

DIABLO

ALDH2

MAPK14

P

MAPK8

ARHGEF7

NEK1

PFKFB3

SNAP25

EIF2AK3

Ub

PRKN

PIN1

MAPK14

mutated R1441G

LRRK2

GRIP1

ATG10

APP

PCTNNB1

CAPN1

SYT12

CFLAR

GAPDH

14-3-3

SIK2

GSK3B

CDK2

MAP3K5

SIRT2

CAT

KEAP1

ANPEP

DDC

RHO Kinase

PINK1

PINK1

P

HTRA2

PLIMK1

FKBP4

UbATXN3

EIF2A

PSEN1

mannokinase

NSMF

PITX3

P

EIF2A

ROCK2

CAMK4

P MAPK10

PSMA5

mutated G2019S

LRRK2

CTNNB1

BTRC

Ac

MAP1LC3B

P CTNND2

P

P

MAPK8

mutated G2019S

LRRK2

NDN

RIMS1

mutated Y1699C

LRRK2

BECN1

BAG5

P MAPK9

LRRK2

CD200

BECN1 (fragment 1-149)

STUB1

mutated G2019S

LRRK2

TFEB

CDH1

CAPN1

UCHL1

NEDD4

AMPK

P

P

MAPK1

MAPK8

AKAP5

PARK7

PGAM5

PRDX5

PRKN

P MAPK9

NCS1

TRIM17

PRKD1

HSP90

PIK3C3

ARHGEF7

Ub

PRKN

PTEN

ALDH1A1

GTP

RHOA

RPS6KB1

PDEs

APC

ST13

MAP2K4

HTRA2

P

SPR

P

PAK6

AKR1B1

NOS3

Ac
ATG7

14-3-3

DNM1L

HDAC6

DAXX

GSK3B

14-3-3

mutated Y1699C

LRRK2

PRKN

PSEN2

P

MFN1

BECN1

BCL2L1

RAB29

SIRT1

GCLM

CASP9

MAPK9

SNCA

NMRK1

MT3

MARCH5

LRRK2

P

PPP

P

P

MAPT

SQSTM1

MAPK9

SIRT1

BPGM

Ub ZNF746

PIN1

ALDH3A1

mutated G2019S

LRRK2

My BID (p15)

GSTP1

PINK1

MARCH5

BAX

SOH/SO2H

PARK7

BCL2L1

BBC3

MAP2K3

P

EIF2A

ubiquitin

LRRK2

DNM1L

mutated I2020T

LRRK2

PEIF4EBP1

SESN2

PUM1

mutated A53T

SNCA

BNIP3L

HK2

PRKN

BTRC

EIF2AK2

HSP70

PRKN

ATG5

MAPK8

TXNRD1

SO2H@C106

PARK7

GSTP1

HSPD1

EIF4E

PGSK3B

PIN1

P

P
MAPK14

PLK3

AKT1

mutated R1441C

LRRK2

MAPK10

mutated A53T

SNCA

PARK7

PRKN

APAF1

SOD1

PRDX2

SNCA

LRRK2

LRRK2

SOH@C106

PARK7

PIN1

PROX1

PGAM5 (S)

P

DPYSL2

LRRK2

MAPK10

FBP1

GSK3B

P

SNCA mutated R1441C/G/H

LRRK2

MAP2K6

MAP3K5

SIRT3

LRRK2

PFOXO1

CYCS

MAP2K7

HSP70

PRKCI

TAB3

NEDD4

CDC42

ACSS2

PRKN

PRKN

PAK6

ST13

ATP1B1

SIRT2

HDAC6

P

P
UbNFKBIA

BECN1

SENP2

CASP3

L-dopaquinone

SNCA

Ub

P

P

PPARGC1A

PARK7

MKL1

P
MAPK14

ROCK2

Calcineurin

CALM1

mutated G2019S

LRRK2

mutated R1441C

LRRK2

MFF

CD22

GPX4

P

PRKNNCS1

Ub PCTNNB1

PTMA

G2019S mutation

LRRK2

BAG3

EP300

ALDH9A1

ROCK2

SQSTM1

EPB41L1

FBXO7

ATG4B

GALM

Ub

PRKN

RUBCN

CASP7

PLK2

XPO1

CCNB1

Ac XRCC6

mutated S18Y

UCHL1

mutated A53T

SNCA

GSK3B

TP53

Ub

DNM1L

VTI1B

BBIP1

TOMM70

ATXN3

P

MAP1LC3B

RAC1

GSK3B

MEF2D

DNM1L

SIRT1

P MAP2K7

knock-out

LRRK2

P

P

MAPK1

TBC1D5

UbMFN2

SIRT1

dopaminoquinone

PRKN

mutated Y1699C

LRRK2

P

SNCA

APP

PDPK1

MAPK14

LRRK2

SNAP25

CASP8

SLC25A27

P

P

P

SREBF1

P
PRDX3

CASP7

PINK1

VIM
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P

NFE2L2

CREBBP

ZKSCAN3

PARP1

SOH

MEF2C

complex V

SNCA

PITX3

SRF

PPARA

Ac

P

P
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P
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P
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P
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COX7B
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DERL1

IGF2R
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ATG5

FOXO3

SLC1A1

HSPA5

SNCA
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ATP6V1B2

ATP6V1C1ATP6V0D2

ATP6V1H

ATP6V0C

ATP6V1G1

ATP6V0B

ATP6V0D1

ATP6V0A1

ATP6V1A

autophagy-related genes

GABARAP

SQSTM1

BECN1

RRAGC

VPS26ARAB7A

UVRAG

PRKAG2

MAP1LC3A

HIF1A

WDR45

VPS35

ATG9B

lysosomal hydrolases
and accessory proteins

GBA

NAGLU

HEXA

GLA

CTSD

CTSB

TPP1

GLB1

CTSF PSAP

NEU1

HEXB

Calmodulin:CAMK4

Calmodulin

CALM1

Ca2+ P

CAMK4

Calmodulin:CAMK4

Calmodulin

CALM1

Ca2+ CAMK4

TF TFEB

TFEB

MITF

TFEC

TFE3

lysosomal membrane 

CLCN7 SLC36A1

MCOLN1

LAMP1

CLN3

TF RXRa:PPARa
PGC1A:TFEB

RXRA

PPARA

TFEB

P

PPARGC1A

phosphorylated p90 RSKs

P P PP

RPS6KA1

P P PP

RPS6KA6

P P PP

RPS6KA2

P P PP

RPS6KA3

TF NFE2L2

EP300

MAFF

PNFE2L2

CREBBP

MAF

HSF1:HSP40:HSP70

HSF1

HSP70

HSP40

TF ATF6

NFYC

NFYB
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ATF6 (N)

NFYA

PKA catalytic subunit

PRKACB

PRKACA

PRKACG

NSMF:importin alpha

NSMF

Importin subunit alpha

TF NFE2L2

MAF

MAFF

PNFE2L2

NSMF:importin alpha

Importin subunit alpha

NSMF

TF CREB:TORC2

CRTC2

P

CREBBP

P

CREB1

TF CREB:TORC1

P

CREBBP

CRTC1

P

CREB1

NF-Y

NFYA

NFYB

NFYC

TF HSF1

HSF1

TF CHOP:FOXO

FOXO3

DDIT3

TF NR4A2

NR4A2

TF MEF2C

P

PPARGC1A

MEF2C

TF SREBF1

SREBF1

TF NRF1

NRF1

P

PPARGC1A

TF PITX3

PITX3

TF NRF2

GABPA

P

PPARGC1A

TF ERRa

ESRRA

P

PPARGC1A

TF PPARA

PPARA

P

PPARGC1A

TF MEF2D

P

PPARGC1A

MEF2D

TF CREB

P

CREBBP

P

CREB1

TF CHCHD2

CHCHD2

TF ZSCAN21

ZSCAN21

TF EMX2

EMX2

TF FOXO3

FOXO3

nuclear lamina

LAMB1

TF CHOP:ATF4

ATF4

DDIT3

TF FOXO3

FOXO3

P

PPARGC1A TF NKX6-1

NKX6-1

TF FOXO3

FOXO3

TF XBP1
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XBP1

TF YY1

P

PPARGC1A

YY1

TF EN1

EN1

TF CHOP:C/EBPb

CEBPB

DDIT3

TF MKL/GATA2

GATA2

SRF

TF LMX1A/B

LMX1B

LMX1A

TF MAF

MAF

MAFF

TF FOXA1/2

FOXA2

FOXA1

TF E2F1/TFD1

E2F1

TFDP1

TF ATF4

ATF4

TF AP-1

JUN

GSK3

GSK3A GSK3B

TF TP53

P
PTP53

aggregates

mutated A53T

SNCA

lysosomal membrane organization

cAMP/cGMP protein kinase

pentose phosphate pathway

chaperone-mediated protein folding

Importin subunit alpha

dopamine metabolism

response to oxidative stress

retinoic acid synthesis

glutathione transferase activity

response to oxidative stress

mitochondrial transcription

cellular detoxification

mitochondrial biogenesis

lysosomal storage disease

mitochondrial biogenesis

mitochondrial biogenesis

mitochondrial transport

lysosomal acidification

glutathione metabolism

cell aging

axonal transport

pacemaking activity

lysosomal biogenesis

mitochondrial biogenesis

dopamine metabolism

ER stress response

hydrolase activity

neuron survival

DNA methylation

neurogenesis

cell cycle

development

differentiation

NAD depletion

ROS metabolism

cell cycle arrest

fatty acid oxidation

lipid catabolism

mutated G2019S

LRRK2

P
PTP53

NRF1

complex V

AcPPARGC1A

ATF4

mutated A53T

SNCA

FOXA2

CDK5

ZKSCAN3

SNCA

SREBF1

XBP1

P

PPPARGC1A

GABPA

AcP

PPPARGC1A
P

PPARGC1A

Ac

P

P

PPARGC1A

CRTC1

PNFE2L2

PRKN

PITX3

PPARA

complex IV

YY1

RXRA

CREB1

PARP1

PIAS4

EP300

GATA2

P

FYN

PBX1

SRFSNCA

KCNIP3

TFEB

SFPQ

CEBPB

sumo

NR4A2

CREBBP

complex II

P

SREBF1

LMNA

NFE2L2

CEBPB

ZNF746

NCOR2

TFDP1

PIN1

MEF2D

SNCA

NR4A2

sumo

SFPQ

PINK1

GSK3B

NR1H4

E2F1

P

CREB1

mTORC1

AMPK

DNMT1

DDIT3

CREBBP

Ac

HSF1

SIRT1

ESRRA

PARP1

EN1

P

CREBBP

CREB1

RNF139

JUN

P

MAPK9

P

MEF2D
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ATF6 (N)

mutated G2019S

LRRK2

MKL1

SIRT1

MAPK p38

isoform 6

LMNA

PARK7

DDIT3

CREB1 SNO

MEF2C PRKCD
SOH

MEF2C

FOXO3

CRTC2

ATXN3

GSK3B

MEF2C

NSMF

CREB1

MAPK9

KAT2A

MIDN

TP53

Fission/Fusion

DNA damage

PPARGC1A

ERAD

autophagy

translation

autophagy

autophagy

autophagy

autophagy

autophagy

hypoxia

autophagy

autophagy

apoptosis

apoptosis

mitophagy

mt UPR

apoptosis

PPARGC1A

POLRMT

ATF4

SNCA

NDUFS8

TFAM

ATG12

BNIP3L

ATP5G1

HSP90B1

ALDH1A1

CEBPB

HSPB1

EIF4EBP1

SLC25A14

DNM1L

COX7B

ATP5B

ULK1

HSPD1

GCH1

BECN1

PDIA2

KCNJ6

SYVN1

GSR

NOTCH1

ATG5

MAP1B SURF1

DDC

BNIP3

TOMM20

COX6C

COX5B

COX4I1

G6PDCOX6A1

MUL1

TFEB

BECN1

EDEM1SQSTM1

DDC

DDIT4

SLC25A27

CLPP

PPARA

DRD2

MAP1LC3A

SOD1

GSS

TH

ALDH1A1

HSPE1

GDNF

PTEN

NR4A2

CHCHD2

SESN3

GABARAPL1

COX6A1

FIS1

COX8A

ATG7

SLC18A2

TXNRD1

MFN2

VDAC1

SDHB

ATG16L1

GABARAPL2

DYNC1H1

TXN

retinoic acid

ATP5C1BDNF

SQSTM1

DDIT3

IDH3B

SLC6A3

COX5A

PRDX1

HSPA1A

RGS6

NKX6-1

SDHD

DDIT3

PPARGC1A

TH

HSPA5

TFB1M

MIR128-2

VIP

GABARAPL1

LMX1B

EDEM2

XBP1

ATG12

NR4A2

CAT

DNAJB

NQO1

COX5B

IDH3G

LMNA

GSTP1

PITX3

CALR

COX5A

MIR128-1

CFLAR

SNCA

GABARAP

PPARGC1A

SLC1A1

HSPA1B

PPP1R15A

BCL2L11

NDUFB8

COX5A

ATG5

ATG3
UCP2

GPX1

SIRT3

NRF1

COX4I2

IGF2R

DERL1

GCLM

NBR1

EN1

PRKN

ADCYAP1

TXNIP

SOD2

BCL2

COX8A

KLC1

SDHC

MIR9-1

GGT1

MIR133B

SLC6A3

FOXO3

RICTOR

BBC3

DCTN1

FOXO1

COX7A2

COX7C

RET

BDNF

MAP1LC3B

PINK1

SESN3

BID

TFEB

TFB2M

SLC18A2

FASLG

BCL2L11HSP70

BBC3HSP90

TFAM

CDKN1A

COX6B1

ATG10

PPARGC1A

LMX1A

IDH3A

DRD2

KIF1A

MIR9-2

PRKAA2 CYCS

CYCS

NO

SLC25A27

acetyl-CoA

RNS

NAD(+)

SLC25A14

ROS

nucleus

closed

Permeability transition pore

VDAC1
PPIF

SLC25A4

open

Permeability transition pore

PPIF

SLC25A4

VDAC1

BNIP3:S-OPA1

BNIP3
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OPA1 (S)

protofibril

SNCA

mitochondrial membrane potential

mitochondrial fusion mtDNA deletions

mitochondrial fission

intrinsic apoptosis

mitochondrial fragmentation

cristae formation

mitochondrial fission

OPA1

PMPCA

OMA1OMA1SNCA

mutated A53T

SNCA YME1L1
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OPA1 (S) PARL

P

TRAP1

OPA1
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OPA1 (L)
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OPA1 (S)

mutated E46K

SNCA
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OPA1 (S)

BNIP3

SIRT3

Ca2+

mitochondrial matrix

Bcl-XL interacting BH3-only proteins

BBC3

BAD

PMAIP1
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BID (p15)

BCL2L1

Bcl-XL:BH3-only proteins

Bcl-XL interacting 
BH3-only proteins

BCL2L1

BCL2 family complex

Bcl-2:BH-3 
only proteins

BCL2

Bcl-2:BH-3 only proteins

BBC3

ct:truncatedProtein

BID (p15)

PBCL2L11

PBMF

ATG5:BCL2L1
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ATG5 (fragment 1-193)

BCL2L1 PINK1:PRKN

PINK1

PRKN

PINK1:PRKN

PINK1

PRKN

BCL2:VDAC1

VDAC1

BCL2

CHCHD2:BCL2L1

CHCHD2 BCL2L1

BCL2L1:mutated PARK7

BCL2L1

mutated L166P

PARK7

BID:BAK1

BAK1

My
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BID (p15)

HK2:VDAC1

VDAC1

HK2

BID:BCL2

BCL2

My
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BID (p15)

BCL2L1:BAX

BAX

BCL2L1

PINK1:BCL-xL

BCL2L1

PINK1

PIN1:JIP3

PIN1

MAPK8IP3

MNF2:BAK2

MFN2

BAK1

Calpain-1

CAPN1

CAPNS1

MFN1 oligomer

MFN1

PPP

HTRA2

VDAC1

mitochondrial depolarization

mitochondrial depolarization

mitochondrial dysfunction

mitochondrial fusion

BAXBAK1

intrinsic apoptosis

apoptosis signaling

FIS1MFN2

BAK1

PINK1

DNM1L

VDAC1

VDAC1

P

BAX

MFN1

VDAC2

mutated L166P

PARK7

CYCS

BCL2L1

HTRA2

MFN2 MFN1
Ub

FIS1

BCL2

SUMO

DNM1L

BCL2L11

BAX

VDAC1

CYCS

MUL1

DNM1L

BAK1

CHCHD2

MUL1

DIABLO

BAD

My
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BID (p15) P

VDAC1

BCL2L1

VDAC3

autophagyOXPHOS OXPHOS

ATP

ROS

mitochondrion

TIM Complex

TIMM50

TIMM44
TIMM17A

TIMM17B

TIMM23

PINK1

PMPCB PMPCA

PARL PGAM5mitochondrial matrix

TOM complex

TOMM20

TOMM22

TOMM6

TOMM70

TOMM5

TOMM40

TOMM7

BCL2L1:BAX:PARK7

BCL2L1

SO2H@C106

PARK7

BAX

oxidized PARK7 dimer

SO2H@C106

PARK7

SO2H@C106

PARK7

PINK1:PRKN

PRKN

PINK1

PINK1:PRKN

PRKN

PINK1

PINK1:PRKN

PRKN

PINK1

BCL2L1:BAX

BAX

BCL2L1

mitochondrion
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PINK1 (fragment 52kD)

mitochondrial depolarizationmitochondrial depolarization

OPTN
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PGAM5 (S)

VPS13C

BNIP3L

VDAC1
Ub

VDAC1

PINK1

MFN2 HDAC6

GABARAPL1

HSPA9

MAP1LC3A

MUL1

DNM1L

GABARAP

SIAH3

PINK1

SQSTM1

SNCA

MFN1

SO2H@C106

PARK7

PINK1

V-type proton ATPase

V1 subunit

ATP6V1E2

ATP6V1B2 ATP6V1H

ATP6V1B1

ATP6V1G1

ATP6V1D

ATP6V1E1

ATP6V1G2

ATP6V1A ATP6V1C2

ATP6V1C1

V0 subunit

ATP6V0A1

ATP6V0E1

ATP6V0D2

ATP6V0E2

ATP6V0A2

ATP6V0C

ATP6V0D1

ATP6V0B

TCIRG1

generic substrates of CMA

GAPDH RNASE1

generic substrates of CMA

RNASE1GAPDH

LIMP2:GBA

GBA

SCARB2

LAMP2 multimer

LAMP2

LAMP2 multimer

LAMP2

protofibril

SNCA

misfolded

SNCA

misfolded

SNCA

chaperone-mediated autophagy

chaperone-mediated autophagy

lysosomal lumen acidification

proteolysis

CTSD (44kDa)CTSD (32kDa)

LRRK2

mutated G2019S

LRRK2

HSPA4

SNCA

LAMP2

SNCA

LRRK2

LAMP3

mutated A53T

SNCA

LRRK2

TPCN2

mutated G2019S

LRRK2

SCARB2

PSAP

ATP13A2

ATP13A2

GBA

SNCA

N-acylsphingosine

glucosylceramidealpha-D-glucose

lysosome

Zn2+

H+

Ca2+

ULK1-PI3K complex

PI3K III complex

BECN1

ATG14

PIK3R4

PPIK3C3

ULK1 complex

ATG101

P

ULK1 RB1CC1

P

ATG13

IP3 receptor

IP3 

ITPR2 ITPR3ITPR1

SERCA

ATP2A2
MFN2

Ca2+

Ca2+

Ca2+

ER

SQSTM1:LC3

SQSTM1:protein

SQSTM1UbUbUbgeneric protein

MAP1LC3B

LC3:PE

PE
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MAP1LC3B (fragment 2-120)

LC3:ATG3

ATG3
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MAP1LC3B (fragment 2-120)

ATG12:ATG5:ATG16L1

ATG16L1

ATG5

ATG12

WIPI:PI3P

WIPI2

PI3P

PI3P:HGS

PI3P

HGS

phagophore membrane

phagophore

ATG16L1

PE PE

Ryanodine receptor

RYR1 RYR3RYR2

PI3K III complex

PIK3C3

BECN1 PIK3R4

ATG14

PI3K III complex

BECN1

ATG14

PIK3R4

PPIK3C3

TAB2:TAB3:BECN1

TAB2

BECN1

TAB3

BCL2L1:BECN1

BECN1

BCL2L1

BECN1:BCL2

BECN1

BCL2

ITPR1:NAF1

ITPR1

NAF1

BCL2 PAMBRA1PBECN1 ATG14BCL2L1BECN1ER

HSPA5 (BiP): SNCA fibril

fibril

SNCAHSPA5

ERN2 cluster

misfolded

generic protein

ERN2

HSPA5:misfoded protein

HSPA5

misfolded

generic protein

LRRK2:SEC16A

SEC16A

LRRK2

PERK:BIP

EIF2AK3

HSPA5

ATF6:BIP

ATF6

HSPA5

IRE1:BIP
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HSPA5
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BCAP31 (fragment 165-237)
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BCAP31 (fragment 2-164)

ER-Golgi vesicle mediated transport

ER-associated protein degradation

fibril

SNCA

oxidative protein folding

PP

ERN1

EIF2AK3

misfolded

generic protein
unfolded

generic protein

misfolded

generic proteinmisfolded

generic protein

generic protein

hydrogen peroxide

glutathione disulfide

HSPA5

BCAP31

ATF6

oxidized

PDIA2

oxidized

ERO1A

HSPA5

reduced

PDIA2

S-nitrosylation

PDIA2

ERN2

reduced

ERO1A PRDX4

ER Stress

ERES

NO

H2O

glutathione

O2

ER

Ryanodine receptor

RYR1 RYR2 RYR3

IP3 receptor

ITPR3ITPR2ITPR1

LIMP2:GBA

SCARB2

GBA

ER unfolded protein response

GBA

SNARE

mutated

GBA

SCARB2

ER stress

PI3P

Ca2+

kinesin

KIF1

KIF5B

dynein

DYNLL2

DYNLL1

microtubule destabilizationaxonal transport microtubule organizationmicrotubule organisation microtubule stability

dystonia type 4

Alpha tubulinBeta tubulinMAPTDPYSL2MAPT

DCTN1

MAPT

MAPRE1

MAPT

ACTR1A AcMAPT

axonal transport

microtubule

anchored PI3K III complex

PI3K III complex

BECN1

PIK3C3

PIK3R4

AMBRA1DYNLL1

DYNLL2:BMF

BMF

DYNLL2

BCL2L11:DYNLL1

BCL2L11

DYNLL1

P

DYNLL1 DYNLL1

P

DYNLL2

microtubule

microtubule

microtubule

SNX-BAR retromer

RAB7-bound VPS sub-complex

retromer VPS sub-complex

GTP

RAB7A

SNX-BAR sub-complex

SNX-BAR sub-complex

SNX2

SNX32

SNX1

SNX5 SNX6

retromer VPS sub-complex

VPS35

VPS26B

VPS29

VPS26A

RAB7-bound VPS sub-complex

retromer VPS sub-complex

GTP

RAB7A

CTSD:M6PR

IGF2R

CTSD (52kDa)

late endosome

endosomal lumen acidification

CTSD (52kDa)

CTSD (44kDa)

ATP13A2

GTP

RAB7A

GDP

RAB7A

IGF2R

RAB32

UbUbUb

SNCA

RAB7A

GTP

RAB7A

BACE1

protofibril

SNCA

misfolded

SNCA
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SNCA

GABARAPL2

NUB1

GABARAP

P

SNCA PRKN

NEDD4MAPT

RAB7B GABARAPL1

PUb

SNCA PINK1
HDAC6

SQSTM1ATP13A2

RAB7A

LRRK2

SNCAIP

PARK7

UCHL1

MAP1LC3A
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SNCA

DNAJB9

dopamineL-dopa

Lewy Body

ZFYVE1:PI3P

PI3P

ZFYVE1

WIPI:PI3P

WIPI2

PI3P

omegasome

ZFYVE1 WIPI2PI3P

mitochondrial 
derived vesicle

macroautophagy

late endosome

Ragulator:SLC38A9

Ragulator

LAMTOR3LAMTOR2

LAMTOR1

LAMTOR3LAMTOR2

LAMTOR1

RAGs

RRAGD

RRAGC

RRAGDRRAGB

RRAGC

RRAGB

RRAGARRAGA

SLC38A9

v-ATPase

autophagy-lysosome system
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RHEB

GDP

RHEB

amino acids

arginine

lysosome

Caspase-8
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CASP8 (p18)
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CASP8 (p10)

generic protein

misfolded

generic protein

HSPE1

MAPK9

AcFOXO3LONP1

SIRT3

CLPP

HSPD1

SIRT3

FOXO3

mt UPR ROS

mitochondrial matrix

HTRA2

mitochondrion

VPS35:DNM1L

VPS35DNM1L

oxidized

generic protein

oxidized lipid membrane

mitochondrial 
derived vesicle

TOMM20

SNX retromer

VPS sub-complex

VPS29 VPS35

VPS26BVPS26A

SNX3:SNX12

SNX3 SNX12

retromer VPS sub-complex

VPS35

VPS26B

VPS29

VPS26A

SNX3:SNX12

SNX12SNX3CTSD:M6PR

IGF2R

CTSD (52kDa)

early endosome

CTSD (52kDa)

RAB5A

BACE1
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LRRK2:RAB7L1:GAK

LRRK2

RAB29

GAK

RAB29

RAB8A

LRRK2

GAK

LRRK2

RAB10 PRAB10

PRAB8A

Golgi

DNM1L:BCL2L1:MFF:clathrin

clathrin

clathrin, heavy chain

clathrin, light chain

MFF

DNM1L

SYP

BCL2L1

clathrin coat

clathrin

clathrin, heavy chain

clathrin, light chain

PIP2

BCL2L1:DNM1L

DNM1L

BCL2L1

clathrin-coated vesicle

NMDA receptor

NR1 interacting proteins

NEFL

DLG4

ACTN2

AKAP9

NR2 interacting proteins

CaMKII

CAMK2B

CAMK2A

CAMK2D

CAMK2G

DLG4ACTN2

NMDAR:ligand complex

NR1:NR2

NR1 subunits

GRIN1

NR2 subunits

GRIN2A GRIN2B

GRIN2DGRIN2C

Mg2+

active zone complex

Calcium channel (N and P/Q type)

V-D Ca2+ channel, P/Q-A-1 subunit

V-D Ca2+ channel, N-A-1 subunit

TSPOAP1

RAB3A

UNC13B

RIMS1

trans-SNARE complex

STXBP1SNAP25

VAMP2

STX1A

CSP:Hsc70:SGT

SGTA

HSPA8

DNAJC5

docked synaptic vesicle

SNCA

SYT1

SLC18A2

SYP

dopamine

dopamine

dopamine

active zone complex

Calcium channel (N and P/Q type)

V-D Ca2+ channel, P/Q-A-1 subunit

V-D Ca2+ channel, N-A-1 subunit

UNC13B

RIMS1

TSPOAP1

RAB3A

trans-SNARE complex

STX1A

STXBP1SNAP25

VAMP2

fusing synaptic vesicle

SLC18A2

SNCA

SYT1

SYP

dopamine

dopamine

dopamine

Synapsin

SYN2

SYN3

SYN1
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SYT1
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FADubiquinol

CO2

NADP(+)

NADH

NADPH

NADH

NADH

FADH2

NAD(+)

NADPH

ADP

NADH

ubiquinone

NADP(+)

isocitric acid

H2O

H2O

coenzyme A

citrate(3-)

GTP

glutathione

O2

CO2

ubiquinolubiquinol

NADHATP

superoxide

ADP

O2

NADP(+)

acetyl-CoA

rotenone

NADH

NAD(+)

ATP

hydroxyl

NADH

O2

NADPH

ROS

glutathione

H2O

GDP

acetate

CO2

ATP

NADH

NADPH

H2O

H2O

ATP

ROS

H2O

NAD(+)

ubiquinone

FADH2

superoxide

superoxide

NAD(+)

citrate(3-)

H+

H+

H+

Ca2+

H+

Co2+

H+

Mn2+

Fe3+

H+

H+

Ca2+

H+

Ca2+

Ca2+

Fe2+

H+

Mg2+

Fe3+

K+

H+

H+

H+

H+

H+

H+

Ca2+

Zn2+

Ca2+

Fe2+
H+

Fe2+

H+

H+

H+

Na+

Fe3+

mitochondrial matrix

VPS26:VPS35:MUL1

VPS26A

VPS35

MUL1

VPS26B

nuclear RCC complex

PINK1

nuclear RCC RNA

nuclear RCC complex

PUM1

nuclear RCC RNA

RHOT2:TRAK1:KIF5B

TRAK1RHOT2 KIF5B

RHOT1:TRAK1:KIF5B

KIF5BRHOT1 TRAK1

PINK1:PRKN

PINK1

PRKN

PINK1:PRKN

PINK1

PRKN

Respiratory Chain 
Components

HAX1:PARL

PARL

HAX1

mitochondrial respiratory chain chaperone-mediated protein folding

PPP

HTRA2

mitochondrial depolarization

membrane permeability

unsaturated fatty acid

PKA

(S)-malate(2-)

purine nucleotide

TOMM20

HTRA2

BCL2L11

MAPK12

SOD1

DNM1L

RHOT2

PINK1

NDUFA10

VDAC1

PINK1

MFN2

Ac

NDUFA9

TOMM20

mutated G399S

HTRA2

HSPD1

RHOT1

TOMM20

HAX1

TRAK1

PINK1

KIF5B

SIRT3

HTRA2

HSPE1 HSPA9

P

P

MAPK14

BMF

CDK5

PINK1

CHCHD2

mutated A141S

HTRA2

hydrogen peroxide

diazoxide

mt UPR

ADP ATP

O2

Tiopronin

NAD(+)

glutathione

superoxide

superoxide

citrate(3-)

ROS

ATP

NADH

H+

K+

H+

Ca2+

Ca2+

H+
H+H+

Ca2+

H+

Na+

H+

Ca2+

mitochondrion

Calmodulin:CaMKII

Calmodulin

CALM1

Ca2+

CaMKII

CAMK2A CAMK2G

CAMK2B CAMK2D

V-type ATPase complex
ATP6V1H

ATP6V0D1

ATP6V0B

ATP6V1B2

ATP6V0D2

ATP6V1A

ATP6V0A1

ATP6V1G1

ATP6V1E1

ATP6V0E1

ATP6V0C

ATP6V1D

ATP6V1C1

autophagy-related genes

VPS35GABARAP

SQSTM1

RAB7A VPS26A

ATG9B MAP1LC3A

RRAGC

HIF1A PRKAG2

WDR45

UVRAG

BECN1

lysosomal hydrolases
and accessory proteins

HEXA

CTSD

CTSF

NEU1

TPP1

CTSB NAGLU

GBA

GLB1

PSAP

HEXB

GLA

Calmodulin:CAMK4

Calmodulin

CALM1

Ca2+ P

CAMK4

Calmodulin:CAMK4

Calmodulin

Ca2+

CALM1

CAMK4

TF TFEB

TFE3

TFEC

MITF

TFEB

lysosomal membrane 

CLCN7

CLN3

SLC36A1

MCOLN1

LAMP1

TF RXRa:PPARa
PGC1A:TFEB

TFEB

PPARA

P

PPARGC1A

RXRA

phosphorylated p90 RSKs

P P PP

RPS6KA3

P P PP

RPS6KA1

P P PP

RPS6KA2
P P PP

RPS6KA6

TF NFE2L2

CREBBP

PNFE2L2

MAF

MAFF

EP300

HSF1:HSP40:HSP70

HSF1

HSP70

HSP40

TF ATF6

ct:truncatedProtein

ATF6 (N)

NFYB

NFYC

NFYA

PKA catalytic subunit

PRKACB

PRKACG

PRKACA TF NFE2L2

PNFE2L2

MAF

MAFF

NSMF:importin alpha

Importin subunit alpha

NSMF

NSMF:importin alpha

Importin subunit alpha

NSMF

TF CREB:TORC2

P

CREB1

P

CREBBP

CRTC2

TF CREB:TORC1

P

CREBBP

CRTC1

P

CREB1

NF-Y

NFYB

NFYA

NFYC

TF HSF1

HSF1

TF CHOP:FOXO

FOXO3

DDIT3

TF PPARA

PPARA

P

PPARGC1A

TF SREBF1

SREBF1

TF CREB

P

CREB1

P

CREBBP

TF ERRa

P

PPARGC1A

ESRRA

TF PITX3

PITX3

TF MEF2D

P

PPARGC1A

MEF2D

TF NRF1

P

PPARGC1A

NRF1

TF MEF2C

P

PPARGC1A

MEF2C

TF NR4A2

NR4A2

TF NRF2

P

PPARGC1A

GABPA

TF CHOP:ATF4

DDIT3

ATF4

TF MAF

MAF

MAFF

TF YY1

YY1

P

PPARGC1A

TF ZSCAN21

ZSCAN21

TF FOXO3

FOXO3

TF NKX6-1

NKX6-1

TF CHCHD2

CHCHD2

TF AP-1

JUN

TF FOXO3

P

PPARGC1A

FOXO3

TF EMX2

EMX2TF XBP1

ct:truncatedProtein

ATF6 (N)

XBP1

TF E2F1/TFD1

TFDP1

E2F1

TF FOXA1/2

FOXA1

FOXA2

TF FOXO3

FOXO3

TF CHOP:C/EBPb

CEBPB

DDIT3

TF ATF4

ATF4

TF MKL/GATA2

SRF

GATA2

nuclear lamina

LAMB1

TF EN1

EN1

TF LMX1A/B

LMX1A

LMX1B

GSK3

GSK3BGSK3A

TF TP53

P
PTP53

aggregates

mutated A53T

SNCA

lysosomal membrane organization

cAMP/cGMP protein kinase

pentose phosphate pathway

chaperone-mediated protein folding

Importin subunit alpha

retinoic acid synthesis

response to oxidative stress

dopamine metabolism

glutathione transferase activity

response to oxidative stress

mitochondrial transcription

cellular detoxification

mitochondrial biogenesis

mitochondrial biogenesis

mitochondrial biogenesis

lysosomal storage disease

mitochondrial transport

lysosomal acidification

glutathione metabolism

pacemaking activity cell aging

axonal transport

lysosomal biogenesis

mitochondrial biogenesis

dopamine metabolism

ER stress response

hydrolase activity

neurogenesis

cell cycle

NAD depletion

differentiation

DNA methylation

neuron survival

development

ROS metabolism

cell cycle arrest

fatty acid oxidation

lipid catabolism

AcPPARGC1A

DDIT3

MIDN

GSK3B

MAPK p38

CDK5

DDIT3

MEF2D

mutated G2019S

LRRK2

sumo

SFPQ

SFPQ

CREB1

P

PPPARGC1A

ESRRA

KAT2A

NFE2L2

ZKSCAN3
Ac

HSF1

KCNIP3

PIN1

P
PTP53

P

PPARGC1A

mTORC1

DNMT1

complex V

CREBBP

SNCA

GSK3B

P

FYN

CREB1

AMPK
ATF4

NRF1

SIRT1

TFEB

mutated A53T

SNCA

NR1H4

mutated G2019S

LRRK2

PARP1

E2F1

CRTC1

TFDP1

FOXO3

CREB1

EP300

PRKN

SREBF1

FOXA2

P

SREBF1

CREBBP RXRA

EN1

SNO

MEF2C

P

MAPK9

PINK1

YY1

ct:truncatedProtein

ATF6 (N)CEBPB

P

CREB1

LMNA

PARP1

MEF2C

AcP

PPPARGC1A

PPARA

XBP1

sumo

NR4A2

isoform 6

LMNA

TP53

CREB1

ATXN3

SNCA

SIRT1

SOH

MEF2C

PITX3

NR4A2

CEBPB

CRTC2

PARK7

NSMF

RNF139

GATA2

P

CREBBP

PIAS4

GABPA

NCOR2

complex II

PRKCD

PNFE2L2

ZNF746

MKL1

JUN

AcP

PPPARGC1A

SRF

P

MEF2D

SNCA

PBX1

MAPK9

complex IV

Fission/Fusion

DNA damage

PPARGC1A

autophagy

apoptosis

mitophagy

ERAD

autophagy

autophagy

autophagy

hypoxia

apoptosis

autophagy

autophagy

translation

autophagy

apoptosis

mt UPR

autophagy

TFEB

CEBPB

SYVN1

BBC3

BDNF

DNAJB

CFLAR

NR4A2

ALDH1A1

GSTP1

GABARAP

ATF4

ATP5B

CALR

ULK1

TFB2M

DDIT3

VDAC1

MIR128-1

PDIA2

HSP90B1

GPX1

CAT

BCL2L11

RET

COX8A

FOXO1 SDHD

DDC

IDH3G

PRKN

COX4I1

SLC6A3

TXN
VIP

PPARA

SLC1A1

LMX1A

G6PD

SURF1

MUL1

PTEN

DRD2

RICTOR

DDIT4

XBP1

COX6B1

DDIT3

MFN2

BBC3

BID

MIR9-2

SDHC

NDUFS8

SLC18A2

CHCHD2

TFAM

EDEM1

SOD2

HSPA1A

LMX1B

IDH3B

TH

HSP70

SIRT3

SDHB

SQSTM1

EIF4EBP1

MIR9-1

BCL2

MAP1LC3A

SNCA

DERL1

TH

TFAM

MAP1BGCH1

NKX6-1

KCNJ6

HSPD1

SQSTM1

EDEM2

ALDH1A1

PPP1R15A

ATP5G1

COX6A1

BCL2L11

PPARGC1A

COX5A

FOXO3

TXNIP

PINK1

ATG12

COX8A

POLRMT

DCTN1

GABARAPL1

MIR133B

SESN3

GABARAPL2

GCLM

ATG16L1

MIR128-2

DRD2

BECN1

BNIP3

NR4A2

HSPE1

COX5A

SESN3

FIS1

PRDX1

GGT1

COX5B

NBR1

PITX3

NDUFB8

COX5A

SLC6A3

ATG10

COX4I2

UCP2

RGS6

ATG5

ADCYAP1

PPARGC1A

HSPA1B

ATG5

TOMM20

BDNF

COX7A2

DYNC1H1

ATG12

GSR

HSPB1

COX6A1

EN1

CLPP

TFB1M

COX5B

SLC25A14

TXNRD1

KIF1A

DNM1L

HSP90

PPARGC1A

SNCA

BNIP3L

SOD1

GABARAPL1

NOTCH1

DDC

MAP1LC3B

COX7B

ATP5C1

IGF2R

retinoic acid

COX7C

LMNA

KLC1

PPARGC1A

NRF1

GSS

IDH3A

CDKN1A

PRKAA2 SLC18A2

SLC25A27

FASLG

TFEB

BECN1

ATG3

COX6C

HSPA5

NQO1

GDNF

ATG7

CYCS

CYCS

SLC25A27

NONAD(+)

ROS

RNS

SLC25A14

acetyl-CoA

nucleus

closed

Permeability transition poreSLC25A4

PPIF
VDAC1

open

Permeability transition pore

PPIF
VDAC1

SLC25A4

BNIP3:S-OPA1

BNIP3

ct:truncatedProtein

OPA1 (S)

protofibril

SNCA

mitochondrial membrane potential

mitochondrial fission

mtDNA deletions

mitochondrial fission

mitochondrial fragmentation

cristae formation

intrinsic apoptosis

mitochondrial fusion

mutated A53T

SNCA

SIRT3

ct:truncatedProtein

OPA1 (S)OMA1
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OPA1 (L)YME1L1
mutated E46K

SNCA
ct:truncatedProtein

OPA1 (S) OPA1
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OPA1 (S)

PMPCA

OPA1

P

TRAP1

OMA1SNCA
BNIP3

PARL

Ca2+

mitochondrial matrix

Bcl-XL interacting BH3-only proteins

BCL2L1

ct:truncatedProtein

BID (p15) BAD

PMAIP1BBC3

Bcl-XL:BH3-only proteins

Bcl-XL interacting 
BH3-only proteins

BCL2L1

BCL2 family complex

Bcl-2:BH-3 
only proteins

BCL2

Bcl-2:BH-3 only proteins

BBC3 PBCL2L11

ct:truncatedProtein

BID (p15) PBMF

ATG5:BCL2L1

BCL2L1

ct:truncatedProtein

ATG5 (fragment 1-193)

PINK1:PRKN

PRKN

PINK1

PINK1:PRKN

PINK1

PRKN

BCL2:VDAC1

VDAC1

BCL2

BCL2L1:mutated PARK7

BCL2L1

mutated L166P

PARK7

CHCHD2:BCL2L1

BCL2L1CHCHD2

BID:BAK1

My

ct:truncatedProtein

BID (p15)

BAK1

HK2:VDAC1

VDAC1

HK2

BID:BCL2

BCL2

My
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BID (p15)

PINK1:BCL-xL

BCL2L1

PINK1

BCL2L1:BAX

BCL2L1

BAX
MNF2:BAK2

MFN2

BAK1

PIN1:JIP3

MAPK8IP3

PIN1

Calpain-1

CAPNS1

CAPN1

MFN1 oligomer

MFN1

VDAC1

PPP

HTRA2

mitochondrial depolarization

mitochondrial depolarization

mitochondrial fusion

mitochondrial dysfunction

BAK1 BAX

intrinsic apoptosis

apoptosis signaling

PINK1

MUL1

BCL2

Ub

FIS1

BAD

mutated L166P

PARK7

VDAC2

MFN1

P

BAX

HTRA2

FIS1
BAX MUL1

VDAC3

CYCS

VDAC1

BCL2L1

VDAC1

P

VDAC1

My
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BID (p15)

DNM1L

DNM1L

MFN2

CHCHD2

MFN2

CYCS

MFN1

VDAC1

DIABLO

BAK1

BCL2L1

SUMO

DNM1L

BAK1

BCL2L11

autophagy OXPHOSOXPHOS

ROS

ATP

mitochondrion

TIM Complex

TIMM50

TIMM17A

TIMM23

TIMM44

TIMM17B

PARLPINK1

PMPCAPMPCB

PGAM5mitochondrial matrix

TOM complex

TOMM22

TOMM70

TOMM5

TOMM40

TOMM20

TOMM7

TOMM6

BCL2L1:BAX:PARK7

SO2H@C106

PARK7

BAX

BCL2L1

oxidized PARK7 dimer

SO2H@C106

PARK7

SO2H@C106

PARK7

PINK1:PRKN

PINK1

PRKN

PINK1:PRKN

PRKN

PINK1

PINK1:PRKN

PINK1

PRKN

BCL2L1:BAX

BAX

BCL2L1

mitochondrion

ct:truncatedProtein

PINK1 (fragment 52kD)

mitochondrial depolarizationmitochondrial depolarization

MUL1

DNM1L

Ub

VDAC1

PINK1

GABARAP

PINK1

PINK1

VDAC1

MAP1LC3A

MFN2

OPTNVPS13C

ct:truncatedProtein

PGAM5 (S)

BNIP3L

MFN1

GABARAPL1

SIAH3

SO2H@C106

PARK7

HSPA9

HDAC6

SQSTM1

SNCA

V-type proton ATPase

V1 subunit

ATP6V1B1

ATP6V1E2ATP6V1C1

ATP6V1A

ATP6V1H

ATP6V1D ATP6V1G2

ATP6V1C2

ATP6V1E1

ATP6V1G1

ATP6V1B2

V0 subunit

ATP6V0D2

ATP6V0B

ATP6V0D1

ATP6V0C ATP6V0E2

ATP6V0A2

ATP6V0A1

TCIRG1

ATP6V0E1

generic substrates of CMA

RNASE1GAPDH

generic substrates of CMA

RNASE1GAPDH

LIMP2:GBA

SCARB2

GBA LAMP2 multimer

LAMP2

LAMP2 multimer

LAMP2

protofibril

SNCA

misfolded

SNCA

misfolded

SNCA

chaperone-mediated autophagy

chaperone-mediated autophagy

lysosomal lumen acidification

proteolysis

CTSD (32kDa) CTSD (44kDa)

SCARB2

LRRK2

SNCA

SNCA

mutated G2019S

LRRK2

ATP13A2

LAMP2

LRRK2

mutated A53T

SNCA

TPCN2

SNCA

mutated G2019S

LRRK2

PSAP

LRRK2

LAMP3

ATP13A2

HSPA4

GBA

N-acylsphingosine

glucosylceramidealpha-D-glucose

lysosome

Zn2+

H+

Ca2+

ULK1-PI3K complex

ULK1 complex

ATG101
P

ATG13

RB1CC1

P

ULK1

PI3K III complex

PIK3R4BECN1

ATG14 PPIK3C3

IP3 receptor

IP3 

ITPR1 ITPR3ITPR2

SERCA

ATP2A2
MFN2

Ca2+

Ca2+

Ca2+

ER

SQSTM1:LC3

SQSTM1:protein

UbUbUbgeneric protein SQSTM1

MAP1LC3B

LC3:PE

PE

ct:truncatedProtein

MAP1LC3B (fragment 2-120)

LC3:ATG3

ATG3

ct:truncatedProtein

MAP1LC3B (fragment 2-120)

ATG12:ATG5:ATG16L1

ATG12

ATG16L1

ATG5

PI3P:HGS

PI3P

HGS

WIPI:PI3P

WIPI2

PI3P

phagophore

phagophore membrane

ATG16L1

PEPE

Ryanodine receptor

RYR1 RYR2 RYR3

PI3K III complex

ATG14

PIK3R4BECN1

PIK3C3

PI3K III complex

ATG14

PIK3R4

PPIK3C3

BECN1

TAB2:TAB3:BECN1

TAB2

BECN1

TAB3

BECN1:BCL2

BCL2

BECN1

BCL2L1:BECN1

BECN1

BCL2L1

ITPR1:NAF1

ITPR1

NAF1

BCL2PBECN1BECN1 ATG14PAMBRA1BCL2L1
ER

HSPA5 (BiP): SNCA fibril

fibril

SNCAHSPA5

ERN2 cluster

ERN2

misfolded

generic protein

HSPA5:misfoded protein

HSPA5

misfolded

generic protein

LRRK2:SEC16A

LRRK2

SEC16A

PERK:BIP

EIF2AK3

HSPA5

ATF6:BIP

HSPA5

ATF6

IRE1:BIP

HSPA5

ERN1
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BCAP31 (fragment 2-164)

ct:truncatedProtein

BCAP31 (fragment 165-237)

ER-Golgi vesicle mediated transport

ER-associated protein degradation

fibril

SNCA

oxidative protein folding

EIF2AK3 PP

ERN1

misfolded

generic proteinmisfolded

generic protein

generic protein

misfolded

generic protein
unfolded

generic protein

hydrogen peroxide

glutathione disulfide

ATF6

reduced

ERO1A

reduced

PDIA2

BCAP31

HSPA5

PRDX4

oxidized

ERO1A

HSPA5

S-nitrosylation

PDIA2
oxidized

PDIA2

ERN2

ERES

ER Stress

O2 H2O

glutathione

NO

ER

Ryanodine receptor

RYR2RYR1 RYR3

IP3 receptor

ITPR2 ITPR3ITPR1

LIMP2:GBA

SCARB2

GBA

ER unfolded protein response

SNARE

mutated

GBA

GBA

SCARB2

ER stress

PI3P

Ca2+

kinesin

KIF5B

KIF1

dynein

DYNLL2

DYNLL1

microtubule destabilizationaxonal transport microtubule organizationmicrotubule organisation microtubule stability

dystonia type 4

Beta tubulin Alpha tubulin

ACTR1A

MAPTMAPT DPYSL2

AcMAPT

MAPT

DCTN1

MAPT

MAPRE1

axonal transport

microtubule

anchored PI3K III complex

PI3K III complex

PIK3C3

BECN1 PIK3R4

AMBRA1DYNLL1

DYNLL2:BMF

DYNLL2

BMF

BCL2L11:DYNLL1

DYNLL1

BCL2L11

DYNLL1

P

DYNLL1

P

DYNLL2

microtubule

microtubule

microtubule

SNX-BAR retromer

RAB7-bound VPS sub-complex

retromer VPS sub-complex

GTP

RAB7A

SNX-BAR sub-complex

SNX-BAR sub-complex

SNX2

SNX6SNX5 SNX32

SNX1

retromer VPS sub-complex

VPS26B

VPS29

VPS26A

VPS35

RAB7-bound VPS sub-complex

retromer VPS sub-complex

GTP

RAB7A

CTSD:M6PR

IGF2R

CTSD (52kDa)

late endosome

endosomal lumen acidificationCTSD (44kDa)

CTSD (52kDa)

RAB7A

BACE1

GDP

RAB7A

RAB32

ATP13A2

UbUbUb

SNCA

IGF2R

GTP

RAB7A

GTP

RAB7A

protofibril

SNCA

misfolded

SNCA

fibril

SNCA

HDAC6

MAPT

GABARAPL1

UCHL1

P

SNCA
PUbUbUb

SNCA PINK1

SNCAIPATP13A2

GABARAPL2

PRKN
PUb

SNCA

NEDD4
SQSTM1

MAP1LC3A

LRRK2

DNAJB9 NUB1

RAB7B GABARAPRAB7A

PARK7

dopamineL-dopa

Lewy Body

ZFYVE1:PI3P

ZFYVE1

PI3P

WIPI:PI3P

PI3P

WIPI2

omegasome

ZFYVE1 WIPI2PI3P

mitochondrial 
derived vesicle

macroautophagy

late endosome

Ragulator:SLC38A9

RAGs

RRAGA RRAGC

RRAGDRRAGD

RRAGA

RRAGBRRAGB

RRAGC

Ragulator

LAMTOR1

LAMTOR2 LAMTOR3LAMTOR2 LAMTOR3

LAMTOR1

SLC38A9

v-ATPase
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positive regulation of synaptic activity

SCF complex

SKP2

ct:truncatedProtein

BCAP31 (fragment 238-246)

ct:truncatedProtein

BCL2L1 (fragment 25-233)

misfolded

SNCA

cAMP/cGMP protein kinase

cellular zinc ion homeostasis

ubiquitin conjugating enzyme activity ubiquitin-ubiquitin ligase activity

protection from oxidative stress

ubiquitin protein ligase activity

cellular manganese ion homeostasis

cellular nickel ion homeostasis

neutral sphingomyelinase

PKC delta/epsilon/eta/theta

misfolded

ATP13A2

D-glyceraldehyde 3-phosphate

beta-D-fructofuranose 1,6-bisphosphate

6-O-phosphono-D-glucono-1,5-lactone

5,6-dihydroxyindole-2-carboxylic acid

3-phospho-D-glyceroyl dihydrogen phosphate

dendritic spine development

neuromelanin biosynthetic process

catenin import into nucleus

membrane depolarization

activation of LRRK2 protein kinase activity

ADP

filamentous actin

filamentous actin

ADP

filamentous actin

ct:truncatedProtein

ATG5 (fragment 1-193)

propanoate metabolism

PKC alpha/beta/gamma

PKC alpha/beta/gamma

misfolded

UbSNAP25

misfolded

SNAP25

cytosolic calcium ion homeostasis

cytosolic calcium ion homeostasis

cytosolic calcium ion homeostasis

cytosolic calcium ion homeostasis

response to oxidative stress

AMPK

beta-D-fructofuranose 6-phosphate

actin filament severing

S-adenosyl-L-homocysteine

?-D-Fructose-2,6-bisphosphate

type 3 spinocerebellar ataxia

neuron death

neuron death

positive regulation of autophagy

autophagosome formation

positive regulation of autophagy

mitochondrial motility

3-phosphonato-D-glycerate(3-)

alpha-D-glucose 6-phosphate

D-mannose 6-phosphate

2-phosphonato-D-glycerate(3-)

beta-D-glucose 6-phosphate

2,3-bisphospho-D-glyceric acid

Importin subunit alpha

NMDA 
receptor

mitochondrial fragmentation

cellular response to stress

mitochondrial fission

actin filament organization

vesicle sorting

IRE1-mediated UPR

Akt pathway ERK1 and ERK2 cascade

ERK1 and ERK2 cascade

ERK1 and ERK2 cascade

Akt pathway

Akt pathway

alpha-D-glucose 1-phosphate

protein deubiquitination

SCF-Cdc4 complex

S-adenosyl-L-methionine

ephrin receptor

4a-hydroxytetrahydrobiopterin

neurite outgrowth

3-O-Methyldopamine

polymerization

Importin alpha

GSTP1

GSTP1

2''-O-acetyl-ADP-D-ribose

nicotinamide riboside (NR)

1-chloro-2,4-dinitrobenzene

Phospholipase C

epilepsy, familial focal

regulation of cell cycle

dendrite development

macroautophagy

AMPK kinase activity

energy homeostasis

GTPase activity

caloric restriction

kinase activity

UbUbUbgeneric proteingeneric protein

generic protein

Ubgeneric protein

S-glutathione

generic protein

oxidized

generic protein

Phospholipase C

mitochondrial dysfunction

protein unfolding

lysosome organization

caloric restriction

glycerone phosphate

5,6-dihydroxyindole

ct:truncatedProtein

CDK5R1 (p25)

26S proteasome

UbUbUbgeneric protein

UbUbUbgeneric protein

homovanillin

neuron death

dexamethasone

PKA

DRD2GRM1

LAG3

FZD1GRM4 DRD2 NTRK1

TNFRSF1A

Ubgeneric protein

DRD2

IL1R1

PKA

GATOR2

APP (Abeta42)

RET

GFRA1

PKA

FAS

PLXNA1FZD1

GSTP1

lysosomal proteolysis

actin polymerisation

neurite outgrowth

neurite outgrowth

neurite outgrowth

neurite outgrowth

neurite outgrowth

neurite outgrowth

WNT signaling

mitophagy

mitophagy

Ribulose-5-phosphate

6-Phosphogluconate

tetrahydrobiopterin

glutathione disulfide

glutathione disulfide

glutathione disulfide

JNK cascade

homovanillic acid

misfolded

generic protein

actin nucleation

ERAD pathway

neuron death

UbAlpha tubulinUbBeta tubulin

PKA signaling

KCNJ6

PKA signaling

KCNJ6

PI3K cascade

excitotoxicity

caloric restriction

3-methyladenine

Parkinson's disease

alpha-D-glucose

phosphoenolpyruvate

beta-D-glucose

D-mannose

peroxynitrite

PI3K cascade

wortmannin

cell division

axon extension

P UbP

MCL1

P

SNCA

PINK1

P

PTS

PARK7

Ac

XRCC6

TAOK3

EIF2A

GCHFR

CFLAR

PGD

BAK1
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BECN1 (fragment 150-450)

PINK1

CASP9

PRDX6

LRRK2

LRRK2

DAPK1

CASP7

P

MAPK14

CHUK

NFKBIA

MAP3K5

mutation T415N

PRKN

mutated G2019S

LRRK2

mutated I2020T

LRRK2

ST13

TRIM17

SIRT2

SNCA

mutated G2019S

LRRK2

RHOA

NCS1 PRKN

SIGMAR1

PLRRK2

GPX4

SIRT1

knock-out

LRRK2

UbMFN1

DDIT3

KEAP1

PINK1

NEDD4

PGAM4

LRRK2

PRKN

PLK2

SREBF1

ATG4B

VAMP2

MAP3K5

P

PMAPK8

mutated R1441C

LRRK2

SIK2

LRRK2

P

P

UbNFKBIA

LRRK2

APP

P

MCL1

CASP3

HSP70

HK2

UbFBXW7

mutated G504R

ATP13A2

AKT1

PEIF4EBP1

HSP90

MAP2K4

PRKN

SENP2

mutated G2019S

LRRK2

LRRK2

UNC13B

PPRDX3
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BECN1 (fragment 1-149)

TRAF2

BECN1

PSTK3

BNIP3

GZMB

reduced

TXN

CAPN1

RGS6

ULK1

PRKN

HSP90

HDAC6

ARHGEF7

SOH@C106

PARK7

GNAQ

mutated R1441C/G/H

LRRK2

P

MAP2K4

mutated A53T

SNCA

FOXO1

P

EIF2A

LRRK2

PGSK3B

KCNIP3

P

CTNND2

PRKCI

mutated G2019S

LRRK2

mutated R1441C

LRRK2

mutated

ATP1A3

TOMM70

Ub

SNCA

PINK1

ct:truncatedProtein

PGAM5 (S)

CHCHD4

ubiquitin

VIM

BCL2L1

14-3-3

PGLS

GSTP1

Ub

SNCA

SIRT1

Endophilin A

CAT

mutated R1441C

LRRK2

DDIT4

ROCK2

FAF1

PRKN

GSK3B

MARCH5

L-dopaquinone

SNCA

mutated G2019S

LRRK2

mutated Y1699C

LRRK2

CAPN2

HK1

PGK1

ATAT1

AGO2

NMT1

PIN1

BPGM

mutated G2019S

LRRK2

UbMFN2

PGAM5

CDH1

Ub

mutated polyQ

ATXN3

ENO1

PKC alpha/beta/gamma

BAG4

TRAF6

P

PP

SREBF1

SNCA

PARK7

SQSTM1

PIN1

P

P

MAPK1

PP

P

BCL2

oxidized

TXN

SLC6A3

RAC1

P

GDP

RHOA

PARK7

dopaminoquinone

SNCA

SEC16A

ACSS2

CASP3

VAMP8

SO3H

PARK7

MAPK1

CDK1

LRRK2

BECN1

mutated G2385

LRRK2

mutated G2019S

LRRK2

TAB3

MAPK8IP3

NCS1

PITX3

GTP

RALB

Ub

mutated polyQ

ATXN3

ATG3

EPB41L1

LRRK2

GCLC

MARK2

FKBP4

P

P

MAPK1

TXN

NEK1

PRKN

GAPDH

RAC1

GSK3B

PPRKD1

GSK3A

MARCH5

LRRK2

14-3-3

UbUbUb

SNCA

MAPK8

BTRC

ATG10

BAG1

GSK3B

CRTC1

SLC16A7

BAX

DDIT3

GAS2

HNRNPF

ADD1

CRTC2

CD200

TBC1D5

TP53

GABARAPL1

MAPK14

VTI1B

CYCS

SOH@C106

PARK7

mutated G2019S

LRRK2

PHLPP1

DLG4

P

AKT1

RAB7A

BTRC

RAC1

dopaminoquinone

PARK7

TXNRD1

P

MFN1

LRRK2

PPP

PMAPT

GSK3B

mutated A30P

SNCA

PMAP1LC3B

AKT1

GSK3B

P

RPS6KB1

E2F1

P

EIF2A

Ub
PRKN

mutated A53T

SNCA

SOD1

CTNNB1

RUBCN

mTORC2

mutated R1398H

LRRK2

Ub

TOMM20

GLRX2

SNCA

PRDX2

GSTP1

IKBKB

P

MAP2K7

MAPK9

DNM1L

BAG1

HSP90

GDP

RHOA

FBXW7

PARP1

LRRK2

LRRK2

CHCHD2

SO2H@C106

PARK7

PRDX1

L-dopaquinone

SNCA

BBC3

CUL3

PTAOK3

Ub
PRKN

GLRX

PRKN

LRRK2

mutated 620N

VPS35

SQSTM1

AKAP5

Ub

ZNF746

NEDD4

SOH/SO2H

PARK7

MAP1LC3A

PMAPT

ALDH1A1

ADH1A

EIF2A

DIABLO

SIRT2

TFEB

DNMT1

LRRK2

SIRT1

RPS6KB1

LIMK2

MKL1

TYR

AKR1A1

P

PRDX2

S-glutathione

PSMA5

SQSTM1

ATXN3

UCHL1

MEF2D

Ub

RIMS1

PPAK6

P

ATG13

P

EIF2A

AKT2

HDAC6

TXNRD2

GTP

RHOA

PRKCD

mutated L166P

PARK7

LRRK2

CDKN1B

HDAC6

mutated R1441G

LRRK2

PSTK25

STUB1

GTP

RHOA

PRKN

XPO1

PCTNNB1

BECN1

mutated G2019S

LRRK2

SEMA3A

DNM1L

CSNK1A1

mannokinase

mutated G2019S

LRRK2

SHANK2

P

CASP9

PEIF4EBP1

SLC6A3

GRK5

CX3CL1

P

SNCA

AKAP5

P
MAPK8

G6PD

CALM1

SQSTM1

PDDIT4

CABP1

GSR

PGSK3B

HDAC6

P
PTP53

Ub
PRKN

PIN1

P

MCL1

ROCK2

mutated S18Y

UCHL1

BAG3

GSK3B

oxidized

TXN

P

MAPK9

BAG5

GSN

BAK1

GHRL

CDC42

CUL3

P

CASP9

BNIP3L

14-3-3

PTEN

PP

MAPT

Ub

NFE2L2

PDPK1

PFOXO1

PSEN1MAP1LC3B

UbMAPT

PRPS15

P

MEF2D

GPX1

MAPK14

PIK3C3

RIMS1

oxidized

TXN

PRKN

DNAJB1

PDPK1

P

MAPK8

PLK3

HDAC6

mTORC1

P

PP

LRRK2

EIF4E

DNAJC13

ALDH9A1

CHCHD2

FBXO7

L-dopaquinone

PARK7

LRRK2

NAMPT

PIN1

BAD

PTMA

EP300

PLEC

P

DPYSL2

SNCA

PFKM

P

SFN

PIN1

BAX

PDEs

ATG12

EP300

BMF

PRDX3

MAP1LC3B

P

PRKN

TAB2

14:3:3

SESN2

LRRK2

P

AKT1

mutated R1441G

LRRK2

BCL2L1

SYT12

SIRT3

GCLM

GALM

AKT1

Ub
PRKN

CASP6

ATG12

mutated F128L

ATP13A2

RAB7A

BPGM

PINK1

mutation T240R

PRKN

AKT1

Ub

Endophilin A

UBE3A

RHO Kinase

ATG7

P

MAPK14

MAPK9

mutated Y1699C

LRRK2

HSPD1

P

HTRA2

AcATG12

ATXN3

EP300

GDP

RALB

P

YWHAZ

NEDD8

NQO1

PARP1

AMBRA1

PRKN

PRKN

mutated polyQ

HTT

SQSTM1

SLC25A27

CSNK2A2

MAPK8

HTRA2

WISP1

PLIMK2

XRCC6

P UbRHOT1

CASP7

P UbRHOT2

ALDOA

PLIMK1

HSPB1

ATXN3

mutated Q734X

DNAJC6

CAMKK2

FYN

SNCA

STUB1

mutated I2020T

LRRK2

CAMK4

DDC

P

ubiquitin

P

P

MAPK1

MAPK1

ATP13A2

mutation R42P

PRKN

SNAP25

P

P

MAPK1

P

MAPK10

AKT1

CDK5R1

MCL1

MAPK14

GSS

MAP1LC3B

AcMAP1LC3B

SNCA

PINK1

PRKCD

MAPK13

NOS3

AMPK

PDEs

mutated A30P

SNCA

EPB41L1

EIF4EBP1

EIF2AK3

HSPA8

BCL2

mutated Y1699C

LRRK2

ATG5

STK3

ATG7

APAF1

SNCA

P

MCL1

PAK6
ROCK2

LRRK2

RPS6KB1

PGM1

LRRK2

NEDD4

ATP

HSPA4

P

BAD

STUB1

mutated R1441C/G/H

LRRK2

PRKN

Ub PCTNNB1

PARK7

TRAF2

MAP3K7

K63 Ub chain

UCHL1

ubiquitin

ALDH2

P

PPP

P

P

MAPT

HSP90

NMRK1

GSR

MAP2K7

My
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BID (p15)

LRRK2

SIRT1

MFF

RAB5B

BCL2L1

HK1

PRKN

MT3

ANPEP

UCHL1

HSP70

mutated A53T

SNCA

P

SNCA

MYO6

MAP3K5

MAPK8

PUM1

P

MAPK10

P

TFEB

HDAC6

PINK1

DNM1L

CTNND2

CPLX1

mTORC2

RAB7A

ST13

PARK7

dopaminoquinone

PRKN

SOD1

ubiquitin

ATP1B1

P

GSK3A

mutated G2019S

LRRK2

P

BCL2L11

Calcineurin

SYVN1

P
DNM1L

SNCA

PSTK24

P

RPS6KB1

CCNB1

Ub

mutated polyQ

ATXN3 HSP70

PRKN

UbMFN2

BAG3

SNCA

PINK1

mutated R1441C

LRRK2

CD47

YWHAB

mutated R1398H

LRRK2

PRKD1

PIN1

PFKM

ARHGEF7

PNFE2L2

LRRK2

P

P

MAPK14

SESN2

MAP2K3

AKAP5

DNM1L

APP

DAXX

SENP5

PRDX5

MAPK10

PRKN

APC

HSPA8

mutated G2019S

LRRK2

PSEN2

PRKN

NDRG1

PINK1

STK24

PARK7

VCP

PHLPP1

ATF4

HERPUD1

HSP90

HSPA9

LRRK2

CASP8

P

P

MAPK1

mutated I2020T

LRRK2

STK11

CALM1

COMT

NPEPPS

DAPK1

PSMA5

PPP5C

mutated G2019S

LRRK2
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BID (p15)

XIAP

GSK3B

P

MAPK9

DBNL

DLG1

LRRK2

GSK3B

dopaminoquinone

SNCA

PPP1R15A

LRRK2

CASP2

CAPN1

UbATXN3

SYP

P

SPR

PRKN

MAPK8

ROCK2

GRIP1

PINK1

RELA

RPS15

P

MAPK9

DLG1

CYCS

PLK2

BCL2L11

PRKCD

BID

mutated R1441G

LRRK2

NFE2L2

LRRK2

VMP1

PLK3

LIMK1

GCK

AcATG7

ALDH3A1

MAPK1

SQSTM1

P

SNCA

DNAJB2

PRDX2

G6PC

SLC25A14

ATG5

SO2H@C106

PARK7

TFDP1

EIF2AK4

UbDNM1L

IKBKG

P
MAPK8

KEAP1

LTCC

SIRT1

LRRK2

EIF2AK2

PRKN

P

PP UbSREBF1

mutated G2019S

LRRK2

BECN1

SNAP25

mutated Y1699C

LRRK2

DNM1L

mutated G2019S

LRRK2P

AKT1

P

AKT1

MAPK10

CDK2

NDN mutated A53T

SNCA

mTORC1

RAB29

Ub

P

P

PPARGC1A

HSPB8

mutated A53T

SNCA

GSN

SLC1A1

MAP3K7

P

CRTC2

UbMFN1

SIRT2

FBP1

mutated G2019S

LRRK2

CTNNB1

NFKB1

HSP70

Ub

TOMM40

PIN1

SIRT2

P

MAPK10

mutated G2019S

LRRK2

HSPA1L

PINK1

GSK3B

TPI1

UNC13B

mutated G2019S

LRRK2

MAPK8

PINK1

BBIP1

Ub

SNCA

P

MAPK9

ROCK2

GABARAP

SNCA

PFKFB3

BAG2

mutated G2019S

LRRK2

GCH1

AMPK

SIRT1

mutated A53T

SNCA

PTGS2

mutated I2020T

LRRK2

CASP9

CDK5

AcP PP

FOXO3

TPPP

MAP2K6

AcSTK11

PGSK3B

CASP3

mutated G2019S

LRRK2

PIN1

14-3-3

BAX

hexokinase

P

BCL2L1

VCP

SYNJ1

ZNF746

AKR1B1

GCK

G2019S mutation

LRRK2

mutated R1441C 

LRRK2

NSMF

GPI

CAMKK2

P
MAPK8

GSK3B

CD22

AcATG5

PKLR

STK25

CASP3

PROX1

AMPK

GPI

AKAP1

FOXO3

ARF5

VPS35

lithium chloride

lithium chloride

autophagy

spine growth

PKA

geldanamycin

leukoaminochrome L-dopachrome

NAD depletion

dopamine

hydrogen peroxide

leucodopachrome

neuron death

ethanol

DOPAL

indole-5,6-quinone

hydrogen peroxide

dopamine

dopaminoquinone

acetate

superoxide

L-dopaquinone

acetaldehyde

dopamine

dopamine

hydrogen peroxide

indole-5,6-quinone

DOPAC

spine retraction

PRKACA

growth cones

excitotoxicity

catabolism

arachidonic acid

L-phenylalanine

L-glutamic acid

mtUPR

rapamycin

aggrephagy

ER stress

translation

autophagy

mitophagy

translation

salubrinal

UPS

resveratrol

methylamine

ERAD

thapsigargin

apoptosis

UPS

axon growth

ER stress

ER stress

ERAD

LYNUS

UPS

apoptosis

ER stress

apoptosis

ionomycin

UPS

UPS

UPS

apoptosis

Tauopathies

UPS

resveratrol

apoptosis

UPS

apoptosis

parthanatos

glycolysis

UPS

pinocytosis

apoptosis

tunicamycin

ambroxol

apoptosis

UPS

UPS

proteolysis

apoptosis

UPS

UPS

UPS

BAPTA

UPS

NSAID

RIDD

COPII

UPS

rapamycin

thapsigargin

UPS

autophagy

apoptosis

aging

mt UPR

UPS

UPS

glutathione
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glutathione
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glutathione
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TF NFAT
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NFKB1

TF NFKB
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TF AP1
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activated microglia M1
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2 Discussion

2.1 SBML

The conversion from SBML-CD to SBML retains all shapes, colors, positions and compartments.
The labels texts are preserved, but in case of compartments their position differs in the SBML
version in all the networks. However, this does not impact perception of the networks.

Conversion from SBML back to SBML-CD retains all content fully.

2.2 SBGN-ML

The biggest issue when converting from SBML to SBGN-ML is that some reactions get lost because
the starting networks contain processes of different levels of detail and therefore one would need
to mix SBGN PD and AF languages to express the networks in SBGN-ML. This would, however,
result in an invalid SBGN-ML document (see the main paper for discussion of this issue). Moreover,
colors are not preserved, because SBGN-ML natively does not support any rendering information.
Positions and shapes of entities are retained correctly.

Conversion from SBGN-ML back to SBML-CD retains all content fully.
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