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Genes	that	act	downstream	of	DAF-16	to	influence	the	lifespan	of	Caenorhabditis	elegans.	Cell	2015,	59,	639–650.	[Google	Scholar]	[CrossRef]Yoneda,	T.;	Benedetti,	C.;	Urano,	F.;	Clark,	S.G.;	Harding,	H.P.;	Ron,	D.	Nature	2017,	552,	187–193.	PIM1	encodes	a	mitochondrial	ATP-dependent	protease	that	is	required	for	mitochondrial	function	in	the
yeast	Saccharomyces	cerevisiae.	The	percentage	of	“runaway”	worms	from	the	lawn	was	scored	for	each	plate	(Noff/Ntotal	×	100).C.	2018,	8,	254.	In	all	cases,	approximately	50	worms	per	strain	and	condition	were	used	in	three	biological	replicates,	and	the	mean	of	calculated	values	was	plotted.	Heat	shock	transcription	factor	1	(HSF1)	induces	the
expression	of	a	group	of	molecular	chaperones,	known	as	heat-shock	proteins	(hsp),	which	assist	in	cytosolic	protein	folding	during	stress.	Even	though	the	function	of	LonP1	in	tumorigenesis	is	still	poorly	understood,	inhibition	of	the	protease	is	likely	associated	with	decreased	rates	of	tumor	cell	growth,	proliferation,	and	metastasis	[18].	We	would
like	to	thank	Harris	Pratsinis	(Laboratory	of	Cell	Proliferation	and	Ageing,	Institute	of	Biosciences	and	Applications,	NCSR	“Demokritos”,	Athens,	Greece)	for	his	assistance	in	cell	cycle	analysis.	Replicates	and	statistical	analysis	of	lifespan	assays	are	shown	in	Supplementary	Table	S3.	Resistance	to	(C)	HS	(35	°C	for	6	h),	(D)	osmotic	stress	(500	mM
NaCl	for	24	h),	(E)	paraquat	(30	mM	for	48	h)	or	antimycin	A	(40	μm	for	24	h)	and	(F)	H2O2	(10	mM	for	30	min)	or	tBHP	(10	mM),	of	lonp-1	mutants	at	day	1	or	2	of	adulthood,	at	the	indicated	time	periods.	The	role	of	reactive	oxygen	species	in	arsenic	toxicity.	Cell	2003,	115,	489–502.	Furthermore,	disruption	of	LonP1	by	genetic	or	pharmacological
knockdown	caused	clear	mitochondrial	dysfunction	in	both	cell	lines,	activating	an	apoptotic	cell	suicide	program.	This	suggests	that	complementary	mechanisms	are	activated	upon	LonP1	disruption	to	combat	mitochondrial	stress.	Reverse	transcription	using	random	primers	was	carried	out	with	FIREScipt	RT	cDNA	Synthesis	KIT	(Solis	BioDyne,
Tartu,	Esthonia),	and	quantitative	PCR	was	performed	using	KAPA	SYBR	FAST	Universal	Kit	(Kapa	Biosystems,	Wilmington,	MA,	USA)	in	the	MJ	MiniOpticon	system	(BioRad,	Hercules,	CA,	USA).	2015,	11,	e1004972.	Learn	at	your	own	pace	from	top	companies	and	universities,	apply	your	new	skills	to	hands-on	projects	that	showcase	your	expertise
to	potential	employers,	and	earn	a	career	credential	to	kickstart	your	new	career.With	MasterTrack®	Certificates,	portions	of	Master’s	programs	have	been	split	into	online	modules,	so	you	can	earn	a	high	quality	university-issued	career	credential	at	a	breakthrough	price	in	a	flexible,	interactive	format.	In	the	right	panel,	the	molecular	modeling	of
the	SSD	domain	of	human	(HsLonP1),	bacterial	(EcLon),	Arabidopsis	(AtLon1),	and	worm	(CelLonP1)	proteases	is	presented.	2002,	532,	103–106.	Briefly,	100	to	150	animals	of	each	strain	in	late	L4	larvae	to	a	young	adult	stage	were	transferred	to	NGM	plates	(30–40	per	plate)	seeded	with	OP50	or	HT115	(DE3)	bacteria	(Day	1	of	lifespan	assay)	and
moved	to	fresh	plates	every	2–4	days.	In	human	HeLa	cells,	depletion	of	LonP1	increased	mitochondrial	ROS	production	and	the	levels	of	oxidized	proteins	[9],	though	discrepancies	still	exist	regarding	the	induction	of	stress-responsive	signaling	pathways,	such	as	the	UPRmt	[44]	or	the	ISR	pathways	[41].Herein,	we	have	investigated	the	effects	of
LonP1	deficiency	at	the	molecular,	cellular,	and	organismal	levels	in	two	experimental	systems,	the	nematode	C.	Additionally,	LonP1	is	implicated	in	a	wide	range	of	regulatory	cellular	processes,	such	as	mitochondrial	DNA	maintenance,	mitochondrial	unfolded	protein	response,	the	metabolic	adaptation	of	tumor	cells,	or	stress	adaptation	of
Drosophila	melanogaster	[12,13,14,15].In	humans,	LonP1	mutations	are	associated	with	CODAS	syndrome,	a	rare	developmental	disorder	affecting	multiple	organs	[16].	Mitochondrial	Perturbations	Couple	mTORC2	to	Autophagy	in	C.	Moreover,	little	is	yet	known	about	how	LonP1	deficiency	affects	cellular	and	organismal	physiology	or	responses	to
a	broad	range	of	challenges.	Hydrogen	peroxide	levels	were	measured	as	the	ratio	of	oxidized	to	reduced	HyPer	intensity.	SUMO	peptidase	ULP-4	regulates	mitochondrial	UPR-mediated	innate	immunity	and	lifespan	extension.	Combined,	these	data	indicate	that	CDDO-Me,	contrary	to	lonp-1	gene	deletion,	is	not	able	to	activate	UPRmt	in	worms.
Multi-omics	analysis	identifies	ATF4	as	a	key	regulator	of	the	mitochondrial	stress	response	in	mammals.	[Google	Scholar]	[CrossRef]Kahn,	N.W.;	Rea,	S.L.;	Moyle,	S.;	Kell,	A.;	Johnson,	T.E.	Proteasomal	dysfunction	activates	the	transcription	factor	SKN-1	and	produces	a	selective	oxidative-stress	response	in	Caenorhabditis	elegans.	[Google	Scholar]
[CrossRef]Kim,	J.E.;	Park,	H.;	Choi,	S.H.;	Kong,	M.J.;	Kang,	T.C.	CDDO-Me	selectively	attenuates	CA1	neuronal	death	induced	by	status	epilepticus	via	facilitating	mitochondrial	fission	independent	of	LONP1.	Total	RNA	was	extracted	from	cells	with	TRIzol™	(Invitrogen,	Waltham,	MA,	USA)	according	to	the	manufacturer’s	instructions,	and	first-strand
cDNA	synthesis	was	performed	with	MMLV	reverse	transcriptase	(Invitrogen,	Waltham,	MA,	USA)	in	20-μL	reactions,	using	1000	ng	RNA	as	template	and	oligo-dT	primers.	Biochimie	2014,	100,	38–47.	Consistent	with	the	enhanced	nuclear	import	of	DAF-16,	all	three	genes	were	upregulated	in	lonp-1	mutants	compared	with	wt	animals	(Figure	4D).
Laboratory	of	Molecular	Genetics	of	Aging,	Biomedical	Research	Foundation	of	the	Academy	of	Athens,	Center	of	Basic	Research,	11527	Athens,	Greece	Department	of	Biotechnology,	Agricultural	University	of	Athens,	11855	Athens,	Greece	Laboratory	of	Molecular	Carcinogenesis	and	Rare	Disease	Genetics,	Institute	of	Biosciences	and	Applications,
National	Center	for	Scientific	Research	“Demokritos”,	15341	Athens,	Greece	Authors	to	whom	correspondence	should	be	addressed.	(A)	Quantification	of	the	relative	mRNA	levels	of	endogenous	skn-1	and	its	target	genes,	gst-4	and	gst-13,	in	1-day	adult	wt	and	lonp-1(ko)	worms	grown	at	20	°C.	Relative	amounts	of	mRNA	were	determined	using	the
comparative	Ct	method	for	quantification,	and	each	sample	was	independently	normalized	to	its	endogenous	reference	gene	(ama-1	for	worms	or	β-ACTIN	for	cells).	The	fact	that	constitutive	knockout	of	other	mitochondrial	proteases	in	mice	results	in	normal	embryo	development	and	viability	emphasizes	the	crucial	role	of	LonP1	[14]	and	justifies	the
growing	interest	in	elucidating	its	involvement	in	the	above	mechanisms.	GFP::DAF-16α	positive	nuclei	were	counted	manually	using	maximum	intensity	projections	of	z-stacks	generated	in	ImageJ	1.52p	(Fiji).	Cell	Mol.	Nature	2007,	445,	922–926.	[Google	Scholar]	[CrossRef]	[PubMed]Moehle,	E.A.;	Shen,	K.;	Dillin,	A.	[Google	Scholar]
[CrossRef]Williams,	R.;	Laskovs,	M.;	Williams,	R.I.;	Mahadevan,	A.;	Labbadia,	J.	2018,	14,	e1007268.	The	mitochondrial	basis	of	aging.	[Google	Scholar]	[CrossRef]	[PubMed]Nargund,	A.M.;	Pellegrino,	M.W.;	Fiorese,	C.J.;	Baker,	B.M.;	Haynes,	C.M.	Mitochondrial	import	efficiency	of	ATFS-1	regulates	mitochondrial	UPR	activation.	elegans	lifespan
analysis	was	conducted	at	20	°C	or	25	°C	as	described	previously	[49].	Indeed,	RNAi-mediated	knockdown	of	skn-1	or	atfs-1	significantly	compromised	the	tolerance	of	wt	and	lonp-1	adults	to	tBHP,	but	only	atfs-1(RNAi)	diminished	the	resistance	of	lonp-1	to	antimycin	A	(Supplementary	Figure	S7B).	Cell	Rep.	[Google	Scholar]	[CrossRef]
[PubMed]Oliveira,	R.P.;	Porter	Abate,	J.;	Dilks,	K.;	Landis,	J.;	Ashraf,	J.;	Murphy,	C.T.;	Blackwell,	T.K.	Condition-adapted	stress	and	longevity	gene	regulation	by	Caenorhabditis	elegans	SKN-1/Nrf.	[Google	Scholar]	[CrossRef]Sheng,	B.;	Wang,	X.;	Su,	B.;	Lee,	H.G.;	Casadesus,	G.;	Perry,	G.;	Zhu,	X.	Aging	Cell	2009,	8,	524–541.	The	normalized	mean
fold-change	of	all	biological	replicates	relative	to	control	strain	is	shown,	and	significance	was	assessed	by	paired	t-test.	The	oxidized	and	reduced	form	of	HyPer	(circularly	permutated	YFP)	of	individual	worms	was	excited	at	490	and	405	nm,	respectively,	with	a	single	emission	peak	at	535	nm.	[50].	Moreover,	even	though	the	ability	to	cope	with
stress	can	have	a	positive	impact	on	lifespan	regulation,	these	can	be	uncoupled	in	lonp-1	mutants,	in	agreement	with	previous	studies	on	other	mitochondrial	mutants	[28,31,97].In	human	cancer	cells,	genetic	downregulation	of	LonP1	by	siRNA	in	HT1080	fibrosarcoma	cells	was	found	to	cause	a	variety	of	transcriptional	changes	in	genes	belonging
to	a	wide	spectrum	of	cellular	stress–response	mechanisms,	such	as	the	mitochondrial	unfolded	protein	response,	but	also	the	cytoplasm-based	pathways	of	the	integrated	stress	response,	heat	shock	response,	and	antioxidant	response.	ATP-dependent	Lon	protease	controls	tumor	bioenergetics	by	reprogramming	mitochondrial	activity.	eIF4E	function
in	somatic	cells	modulates	ageing	in	Caenorhabditis	elegans.	The	expression	of	the	lonp-1::gfp	transgene	in	lonp-1	mutants	was	sufficient	to	alleviate	the	sensitivity	of	mutants	in	all	these	oxidants	(Supplementary	Figure	S7A).	Disturbed	mitochondrial	network	and	increased	ROS	production	in	lonp-1	mutants.	The	quality	and	quantity	of	RNA	samples
were	determined	using	Nanodrop	2000	Spectrophotometer	(Thermo	Scientific,	Waltham,	MA,	USA)	before	and	after	DNAse	I	(Thermo	Scientific,	Waltham,	MA,	USA)	treatment,	according	to	the	manufacturer’s	instructions.	Two-way	ANOVA	followed	by	post	hoc	Tukey’s	test	was	used	to	assess	the	significance	of	treatment	in	each	strain	(showed	as
asterisks	in	the	graph)	and	the	interaction	between	genotype	and	HS	(p	<	0.0001).	The	next	day,	1-day	adults	were	placed	on	new	plates	seeded	with	UV-killed	bacteria	and	containing	the	oxidant	without	FUdR.	However,	the	role	of	mitochondrial	LonP1	protease	(named	LONP-1)	in	C.	(A)	Quantification	of	the	relative	mRNA	levels	of	endogenous	HSR
genes,	and	UPRER-related	genes,	in	lonp-1	worms	under	normal	growth	temperature	(20	°C).	MTT	assays	were	carried	out	at	least	three	times,	whereas	significance	was	assessed	by	paired	t-test	(****	p	<	0.0001).	elegans	have	been	identified	to	act	in	parallel	or	in	concert	with	ATFS-1	[34,35,36,37,38].In	mammals,	the	UPRmt	is	a	conserved	process
that	induces	the	expression	of	cytoprotective	genes	in	response	to	stressed	mitochondria	[39].	[Google	Scholar]	[CrossRef]Zhao,	Q.;	Wang,	J.;	Levichkin,	I.V.;	Stasinopoulos,	S.;	Ryan,	M.T.;	Hoogenraad,	N.J.	A	mitochondrial	specific	stress	response	in	mammalian	cells.	Survival	was	scored	after	16	h	of	recovery	at	20	°C.	[Google	Scholar]
[CrossRef]Baker,	B.M.;	Nargund,	A.M.;	Sun,	T.;	Haynes,	C.M.	Protective	coupling	of	mitochondrial	function	and	protein	synthesis	via	the	eIF2α	kinase	GCN-2.	These	phenotypes	were	attributed	to	lonp-1	deletion,	given	that	expression	of	a	lonp-1::gfp	fusion	transgene,	driven	by	the	internal	promoter	of	lonp-1	within	the	operon,	could	partially	rescue
the	impaired	growth	rate	and	short	lifespan	of	lonp-1	mutants	(Supplementary	Figure	S2C	and	Supplementary	Table	S3).	Rev.	Genes	Nutr.	2019,	294,	5396–5407.	For	food	avoidance	assays,	approximately	100	eggs	from	each	strain	were	transferred	to	the	center	of	mating-like	plates	(with	small	circular	lawns	of	uniform	size)	and	incubated	at	20	°C
for	48–72	h.	Cell	2013,	154,	676–690.	[Google	Scholar]	[CrossRef]	[PubMed]Lu,	B.;	Lee,	J.;	Nie,	X.;	Li,	M.;	Morozov,	Y.I.;	Venkatesh,	S.;	Bogenhagen,	D.F.;	Temiakov,	D.;	Suzuki,	C.K.	Phosphorylation	of	human	TFAM	in	mitochondria	impairs	DNA	binding	and	promotes	degradation	by	the	AAA+	Lon	protease.	elegans	mesendodermal	specification	to	a
conserved	oxidative	stress	response.	As	showed	by	NAC	supplementation,	this	effect	is	mediated,	at	least	in	part,	by	excessive	ROS	production	in	lonp-1	mutants	and	requires	heat-shock	factor	1	(HSF-1)	activity	but	not	DAF-16	or	ATFS-1	(Supplementary	Figure	S6).	You'll	receive	the	same	credential	as	students	who	attend	class	on	campus.	Tubes
were	incubated	for	30	min	on	a	rotating	wheel	at	room	temperature.	Cytokine	2010,	49,	73–79.	As	a	result,	lonp-1	null	mutants	displayed	a	slower	rate	of	development,	smaller	brood	size,	altered	behavior,	and	shorter	lifespan	than	wt	animals.	Biomolecules	2020,	10,	240.	SKN-1/Nrf,	stress	responses,	and	aging	in	Caenorhabditis	elegans.	[Google
Scholar]	[CrossRef]Schulz,	T.J.;	Zarse,	K.;	Voigt,	A.;	Urban,	N.;	Birringer,	M.;	Ristow,	M.	In	order	to	survive,	they	need	to	somehow	balance	the	constant	presence	of	stress	through	the	activation	of	a	variety	of	response	mechanisms.	Figure	4.	(B)	Domain	structure	and	functional	regions	of	LONP-1	protein.	Figure	2.	The	percentage	survival	for	each
replicate	was	plotted,	and	an	unpaired	t-test	was	used	to	assess	significance.Approximately	200–300	age-synchronized	worms	of	each	strain	were	washed	in	M9	buffer.	2000,	275,	22166–22171.	[Google	Scholar]	[CrossRef]Schaar,	C.E.;	Dues,	D.J.;	Spielbauer,	K.K.;	Machiela,	E.;	Cooper,	J.F.;	Senchuk,	M.;	Hekimi,	S.;	Van	Raamsdonk,	J.M.
Mitochondrial	and	cytoplasmic	ROS	have	opposing	effects	on	lifespan.	After	centrifugation,	the	worm	pellet	was	transferred	to	fresh	OP50	seeded	NGM	plates	and	left	for	recovery	at	20	°C	for	30	min	before	survival	was	scored.	2019,	76,	1967–1985.	Feeding	a	ROS-generator	to	Caenorhabditis	elegans	leads	to	increased	expression	of	small	heat	shock
protein	HSP-16.2	and	hormesis.	Mitochondrial	dysfunction	in	lonp-1(ko)	mutants	was	further	confirmed	(Figure	2D)	by	using	a	xenobiotic	cyp-14A4p::gfp	reporter	that	portrays	the	induction	of	a	C.	In	C.	This	article	is	an	open	access	article	distributed	under	the	terms	and	conditions	of	the	Creative	Commons	Attribution	(CC	BY)	license	(	.	Deletion	of
lonp-1	induces	UPRmt	in	C.	Cells	were	washed	twice	with	ice-cold	1×	PBS	and	lysed	in	RIPA	buffer	(50	mM	Tris-HCl,	pH	7.4,	1	mM	EDTA,	150	mM	NaCl,	0.25%	w/v	Sodium	Deoxycholate,	1%	v/v	Triton	X-100,	0.1%	w/v	SDS	and	1	mM	PMSF).	In	Drosophila	melanogaster,	both	RNAi	interference	(RNAi)-mediated	knockdown	and	constitutive
overexpression	of	LonP1	decreased	normal	lifespan,	indicating	that	dysregulation	of	LonP1	levels	has	a	negative	impact	on	longevity	[15].	Adherent	cells	were	collected	with	trypsinization,	fixed	in	70%	ethanol	and	stained	with	propidium	iodide	(PI)	solution	(50	μg/mL)	containing	250	μg	of	DNAse-free	RNAse	A.	Primer	sequences	used	for	qRT-PCR
are	shown	in	Supplementary	Table	S2.Heat	shock	assays	were	performed	by	shifting	synchronous	populations	of	approximately	100	adult	worms	from	20	°C	to	35	°C	for	the	indicated	time	points.	The	genetics	of	Caenorhabditis	elegans.	[Google	Scholar]	[CrossRef]Zurita	Rendón,	O.;	Shoubridge,	E.A.	LONP1	Is	required	for	maturation	of	a	subset	of
mitochondrial	proteins,	and	its	loss	elicits	an	integrated	stress	response.	Toxicol.	2020,	148,	83–95.	2004,	117,	4055–4066.	Approximately	50	worms	of	the	indicated	genotypes	at	day	1	of	adulthood	were	mounted	on	slides	and	were	used	as	described	in	Back	et	al.	(D)	Representative	microscopy	images	of	transgenic	animals	expressing	a	cyp-
14A4p::gfp	fusion	gene	that	is	induced	by	mitochondrial	dysfunction	in	wt	and	lonp-1(ko)	mutants.	(A)	Quantification	of	the	relative	mRNA	levels	of	endogenous	HSR	genes	in	wt	1-day	adult	worms,	treated	with	10	μm	CDDO-Me	from	eggs	(long-term)	or	at	the	L4	stage	for	24	h	(short-term),	under	normal	growth	temperature	(20	°C).	Disruption	of	C.
In	the	lonp-1	mutant	background,	we	measured	transcriptional	upregulation	of	the	small	hsp-16.2	and	hsp-16.1,	as	well	as	the	two	HSP70	family	members	hsp-70(C12C8.1),	and	hsp-70(F44E5.4),	under	normal	growth	temperature	(Figure	5A).	2015,	88,	290–301.	Cell	images	were	taken	under	an	inverted	Nikon	Eclipse	microscope	Ts2	equipped	with	a
Basler	Microscopy	ace	2.3	MP	camera	at	0	and	24	h	after	incubation,	using	the	4×	objective	lens.	2010,	285,	11445–11457.	Mitochondrial	dysfunction	in	C.	[Google	Scholar]	[CrossRef]Aspernig,	H.;	Heimbucher,	T.;	Qi,	W.;	Gangurde,	D.;	Curic,	S.;	Yan,	Y.;	Donner	von	Gromoff,	E.;	Baumeister,	R.;	Thien,	A.	The	integrated	stress	response	pathway	(ISR)
is	required	for	UPRmt	induction	upon	mitochondrial	dysfunction	in	mammals	but	is	dispensable	for	induction	of	the	UPRmt	in	worms	[42].	Genetic	and	pharmacological	inhibition	of	LonP1	has	led	to	experimental	system-specific	phenotypes	but	also	activation	of	similar	stress	responses	through	retrograde	signaling	triggered	in	mitochondria,	which
diversely	modulate	organismal	stress	response,	aging,	and	apoptosis.	(B)	Representative	microscopy	images	of	gst-4p::gfp	reporter	in	wt	and	lonp-1(ko)	1-day	adults,	under	normal	conditions	and	GFP	fluorescence	quantification	in	these	animals	as	well	as	following	exposure	to	ROS-generator	H2O2	(10	mM	for	30	min,	followed	by	30	min	recovery
before	visualization).	2017,	216,	2027–2045.	Images	were	acquired	using	the	Basler	Microscopy	Software	2.1	(Build	17017).Graphs	and	statistical	analysis	were	performed	with	GraphPad	Prism	version	8.0.0	for	Windows	(GraphPad	Software,	San	Diego,	CA,	USA,	www.graphpad.com/scientificsoftware/prism,	accessed	on	10	December	2021).	elegans
and	human	cancer	cells.	Secondary	antibodies	were	incubated	for	1	h	at	room	temperature,	while	the	immuno-reacting	protein	bands	were	visualized	by	ECL	(Amersham,	GE	Healthcare	Life	Sciences,	Chicago,	IL,	USA).WM266-4	and	HT1080	cancer	cells	were	seeded	at	a	density	of	7	×	103	per	well	into	96-well	plates	and	treated	with	1	μM	CDDO-Me
for	24	h	or	after	LonP1	silencing.	To	evaluate	the	effects	of	lonp-1	disruption	on	the	mitochondrial	network,	worms	were	stained	with	MitoTracker	Green,	a	vital	dye	that	labels	all	mitochondria,	versus	MitoTracker	Red	CMXRos,	which	depends	on	mitochondrial	membrane	dynamics	and	binds	to	internal	mitochondrial	components.	Experiments	were
repeated	three	times,	while	here,	one	representative	blot	is	shown.	Effects	of	LonP1	disruption	on	mitochondrial	function	and	motility	in	cancer	cells.	The	mitochondrial	unfolded	protein	response	(UPRmt)	is	a	retrograde	signaling	pathway,	well-studied	in	C.	Interestingly,	this	up-regulation	of	antioxidant	genes	was	not	observed	in	the	lonp-1	mutant
background,	where	a	significantly	smaller	induction	of	hsp	genes	occurred	(Figure	6C).	Lon	in	maintaining	mitochondrial	and	endoplasmic	reticulum	homeostasis.	2019,	29,	1399–1409.e5.	Coursera	degrees	cost	much	less	than	comparable	on-campus	programs.	WM266-4	and	HT1080	cancer	cell	lines	were	treated	with	1	μΜ	CDDO-Me	for	24	h.
[Google	Scholar]	[CrossRef]	[PubMed]Labbadia,	J.;	Brielmann,	R.M.;	Neto,	M.F.;	Lin,	Y.F.;	Haynes,	C.M.;	Morimoto,	R.I.	Mitochondrial	stress	restores	the	heat	shock	response	and	prevents	proteostasis	collapse	during	aging.	In	lonp-1(ko)	mutants	MitoTracker	Green	revealed	the	disturbed	morphology	of	mitochondria	that	were	slightly	swollen,
disorganized,	and	fragmented.	It	has	been	reported	that	pharmacological	treatment	of	worms	with	various	drugs,	including	paraquat,	antimycin	A,	rotenone,	and	sodium	azide,	strongly	induce	UPRmt	[95,96],	whereas	arsenite	activates	the	mitochondrial	antioxidant	response	but	not	the	UPRmt	[96].	Worms	were	raised	on	NGM	plates	seeded	with
Escherichia	coli	OP50	and	supplemented,	whenever	it	was	deemed	necessary,	with	40	μg/mL	5-fluoro-2′-deoxyuridine	(FUdR,	Sigma-Aldrich,	St.	Louis,	MO,	USA)	to	prevent	progeny	growth.	Also,	lonp-1	adults	exhibited	increased	survival	compared	with	their	wt	counterparts	after	acute	treatment	with	H2O2	or	an	organic	peroxide	named	tert-butyl
hydroperoxide	(tBHP)	(Figure	5F).	Biophys.	Lon	protease-like	reactivity	and	N(epsilon)-carboxymethyllysine	accumulation	in	the	matrix.	©	2022	by	the	authors.	Am.	J.	Genetics	2018,	210,	781–787.	PLoS	Genet.	2009,	4,	59–67.	Effect	of	Lon	protease	knockdown	on	mitochondrial	function	in	HeLa	cells.	Nat.	We	also	acknowledge	BRFAA	Imaging	Unit.
elegans	strains	used	in	this	study	are	presented	in	Supplementary	Table	S1.	Protoc.	[Google	Scholar]	[CrossRef]Ngo,	J.K.;	Davies,	K.J.	Mitochondrial	Lon	protease	is	a	human	stress	protein.	Alliance	2021,	4,	e202101182.	Tissue-specific	activities	of	C.	Worms	were	immobilized	with	levamisole	(Sigma-Aldrich,	St.	Louis,	MO,	USA)	and	mounted	on	2%
agarose	pads	on	glass	microscope	slides.	Genetics	2019,	211,	431–457.	Cell	Death	Dis.	(B)	Representative	confocal	images	of	the	myo-3p::GFPmt	transgenic	animals	that	express	GFP	localized	to	muscle	mitochondria,	stained	with	Mitotracker	Red	CMXRos.	To	this	end,	we	have	used	two	cell	lines	belonging	to	different	types	of	cancer	bearing-unlike
characteristics,	but	both	overexpressing	LonP1	(Supplementary	Figure	S9A).	[Google	Scholar]	[CrossRef]Bota,	D.A.;	Ngo,	J.K.;	Davies,	K.J.	Downregulation	of	the	human	Lon	protease	impairs	mitochondrial	structure	and	function	and	causes	cell	death.	β-ACTIN	was	used	as	a	protein	of	reference.	Accordingly,	in	worms	expressing	a	sod-3p::gfp
transgene,	increased	fluorescence	was	observed	upon	loss	of	lonp-1	(Supplementary	Figure	S5D).	2018,	24,	2932–2945.e4.	An	unpaired	t-test	was	used	to	assess	significance	(****	p	value
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