
Degradative	system	of	the	cell
Lysosomes
Site	of	intracellular	digestion	and	exchange	of	cellular	components.	Vesicles	endowed	with	a	membrane	containing
the	entire	spectrum	of	most	often	hydrolytic	enzymes	come	from	the	RER	(the	fact	that	they	belong	to
lysosomes	can	be	recognized	by	the	bound	signal	molecule	on	their	vesicle	-	mannose-6-phosphate).
They	are	found	in	large	quantities	in	phagocytic	cells.	Basically,	they	are	active	in	acidic	pH.

PRIMARY	(0,05–0,5	μm)	–	primary	lysosomes	are	those	that	have	not	yet	entered	the	digestion	process
(difficult	to	demonstrate	in	the	cell);
Secondary	(0,2–2	μm);
phagosome	=	primary	lysosome	+	engulfed	material;
phagolysosome	=	secondary	lysosome;
autophagosome	–	lysosomes	also	replace	worn-out	organelles,	after	the	fusion	of	the	organelle	with	the
primary	lysosome,	an	autophagosome	is	formed;

heterophagy	–	material	is	absorbed	into	the	autophagic	vacuole,	it	enters	the	cell	from	the	environment.
Lysosomes	then	fuse	with	this	vacuole	and	empty	their	hydrolytic	enzymes	into	the	vacuole	→	digestion
follows	and	this	composite	structure	is	referred	to	as	a	secondary	lysosome;
residual	bodies	=	undigested	residues	remaining	inside	vacuoles;
lipofuchsin	=	pigment	from	wear	and	tear,	is	stored	in	some	long-lived	cells	as	deposits	of	residual	bodies.

Peroxisomes
Round	membrane-bounded	organelles	0,2–1	μm	in	size.	They	are	formed	in	the	endoplasmic	reticulum.	They
contain	enzymes	for	the	degradation	of	hydrogen	peroxide	-	for	example	[[	catalase]]	(an	enzyme	that	breaks
down	hydrogen	peroxide	into	water	and	oxygen).	They	are	the	site	of	fatty	acid	degradation.	They
reduce	O2	and	H2O2.	They	protect	the	cell	from	the	effect	of	hydrogen	peroxide	-	which	can	cause
damage	to	the	cell.

Cytoplasmic	inclusions
Usually	transient	components	of	the	cytoplasm,	formed	by	accumulated	metabolites	or	deposits	of	various	origins.
They	exist	in	the	cell	in	several	forms:	fat	droplets,	glycogen	(clusters	of	carbohydrates).

Secretory	granules	–	a	form	of	proteins	stored	in	gland	cells,	are	periodically	released	into	the	extracellular
media;
pigments	–	deposits	of	colored	substances,	either	synthesized	inside	the	cell	-	melanin	or	coming	from	the
outside	carotene

Proteasome

Characteristics
A	protein	that	carries	a	K48	polyubiquitin	chain.	It	can	be	recognized	by	the	so-called	26S	proteasome	and
degraded	in	it.

The	26S	proteasome	is	a	common	type	of	proteasome	found	in	our	cells.	It	consists	of	two	basic	parts		[1]:

1.	 20S	proteasome,	i.e.	the	core	particle,	which	has	the	shape	of	a	cylinder	and	in	which	the	proteolysis	of	PDG
itself	takes	place;

2.	 19S	proteasome	or	regulatory	particle,	which	is	also	called	PA700.

Main	particles

The	20S	proteasome	consists	of	a	total	of	four	rings.	The	two	outer	ones	are	formed	by	seven	α	units,	and	the	two
inner	ones	by	seven	β	subunits.	The	active	protein-cleaving	sites	are	in	the	β	rings	and	face	the	inside	of	the	20S
proteasome	cylinder,	namely:

β1	subunit	with	caspase-like	activity	;
β2	subunit	with	trypsin-like	activity	;
β5	subunit	with	chymotrypsin-like	activity.

In	addition	to	the	normal	20S	proteasome,	inducible	proteasomes	also	exist	in	our	cells.	These	have	other	active
sites	(β1i,	β2i	and	β5i)	called	immunoproteasomes	or	mixed	proteasomes.	They	play	a	role	in	the	immune	response
of	cells	to	foreign	substances[2].	A	very	special	type	of	proteasome	exists	in	the	thymus,	the	so-called
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Proteasome

The	role	of	proteasome	in	antigen
presentation;

thymoproteasome	.	They	contain	a	β5t	subunit	with	unusual	catalytic	activity.	Their	role	is	related	to	the	positive
selection	of	CD8+	T	cells.	[3]

Regulatory	particles

The	proteasome	Regulatory	particles	bind	to	the	outer,	i.e.	α,	ring	of	the
20S	proteasome.	In	addition	to	the	19S	proteasome,	these	can	also	be
other	complexes,	such	as	PA28	or	PA200,	or	even	proteins	that	reversibly
attach	to	the	20S	proteasome	in	substoichiometric	amounts		[4].	Although
the	organization	of	proteasomes	varies	dynamically,	it	has	been	shown
that	the	26S	proteasome	remains	intact	during	protein	degradation	[5]	.

The	regulatory	particle	of	the	26S	proteasome	(PA700)	contains	two	basic,
interconnected	regions:	the	base	and	the	lid	.	In	the	base	we	can	find	six
different	AAA+	ATPases	and	another	four	subunits.	Its	main	mission	is	to
regulate	entry	into	the	interior	of	the	20S	proteasome	[6]	.	The	lid	contains
nine	non-ATPase	subunits	[7]	and	its	basic	function	is	the	deubiquitination
of	ubiquitinated	proteins	by	the	JAMM	domain	DUB	Poh1	before	their	entry
into	the	interior	of	26S	proteasomes	[8]	.

Degradation	of	non-ubiquitinated	proteins

A	typical	protein,	degraded	in	a	eukaryotic	cell	by	the	proteasome,	must
be	ubiquitinated.	However,	according	to	recent	findings,	about	20%	of	all
proteins	cleaved	by	proteasomes	in	eukaryotic	cells	may	not	have
ubiquitin	labeling.	Such	proteins	contain	poorly	ordered	sites	in	their
structures,	which	serve	as	a	non-specific	signal	for	degradation	in
proteasomes	without	the	need	for	ubiquitination	of	the	given	protein.[9]

Degradation	of	ubiquitinated	proteins

We	will	focus	on	the	mechanism	of	degradation	of	ubiquitinated	PDGs	in
26S	proteasomes.

Some	subunits	from	the	base	(ubiquitin	receptors)	and	some	proteins	that
only	transiently	associate	with	26S	proteasomes	play	a	key	role	in
recognizing	the	ubiquitinated	protein[10].	If	the	ubiquitinated	protein	is
already	bound	to	the	26S	proteasome,	its	polyubiquitin	chain	can	be
variously	cleaved	by	the	proteasome	and	resynthesized	by	deubiquitinases	and	ubiquitin	ligases	[11]	.	It	has	also
been	shown	that	the	reduction	in	the	intensity	of	the	degradation	of	ubiquitins	themselves	in	the	proteasome	is
related	to	the	activity	of	a	specific	DUB,	called	Ubp6,	which	is	not	a	constant	subunit	of	the	26S	proteasome	[12]	.

Single	steps

Before	PDG	degradation,	the	polyubiquitin	chain	is	cleaved	en	bloc	(as	a	whole,	at	once)	by	Poh1	and	further
removed	by	other	DUBs		[13].
The	unfolding	of	the	protein	into	the	primary	structure	and	its	movement	into	the	opening	of	the	proteasome
is	then	associated	with	the	hydrolysis	of	ATP	by	AAA+	ATPases.[14]
The	unfolded	protein	can	be	"stored"	in	the	α	rings	if	the	β	rings	are	still	occupied	by	the	degradation	of	the
previous	PDG.[15]	Proteins	can	enter	the	20S	proteasome	from	both	sides.[16]	The	degradation	continues	as
long	as	the	resulting	oligopeptides	are	not	small	enough	to	diffuse	out	spontaneously.[17]
As	soon	as	the	oligopeptides	get	out	of	the	26S	proteasomes,	they	are	further	cleaved	in	the	cell	by	other
peptidases	to	amino	acids	that	can	be	used	for	further	proteosynthesis	[18]	,	or	are	used	within	the	immune
system	as	antigens.[19]

Regulation	of	protein	activity

Some	proteins	are	not	completely	degraded	by	26S	proteasomes	but	are	actually	activated.	This	happens	by
degrading	other	proteins	that	are	bound	to	them	and	inhibiting	them.	A	typical	example	is	an	activation	of	the	so-
called	nuclear	factor-κB	(NF-κB),	which	normally	occurs	in	the	cytoplasm	in	a	complex	with	its	inhibitor	I-κB.	Once
this	I-κB	is	ubiquitinated	and	degraded,	NF-κB	translocates	to	the	nucleus	and	triggers	the	transcription	of	the
relevant	genes.[20]	The	function	of	26S	proteasomes	is	not	only	connected	with	the	regulation	of	the	amount	of	a
given	protein	in	the	cell,	but	also	with	the	regulation	of	the	activity	of	various	proteins.	This	implies	that	the	UPS
plays	a	key	role	in	many	therapeutically	relevant	processes,	such	as	inflammatory	diseases,	neurodegenerative
processes,	muscular	dystrophies,	viral	infections,	or	carcinogenesis		-.[21][22]
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