IHATO®I3IOJO0I'TA
BIVYIKOBOI'O OBMIHY

INektop — [loceHko BikTop €BreHoBny,
O.M.H., npodecop kadeapw natodisionorii HMY im. O.0.boromonbus,
NPOBIAHUI HAayKOBWUI CMiBPOBITHUK Bigginy 3aranbHOI Ta MONEKYISAPHOI
natodoizionorii l[HcTuTyTy pizionoii im. O.O.boromonbua HAH YkpaiHu



IlopyumieHHs1 O1JIKOBOT0 OOMIHY

- OiJIKOBE r0JI0AyBAHHS

ITIEPETPABJIFOBAHHS - nediuuT TpaBHUX (pePMEHTIB

- MOPYILIEHHS aKTHBalil ()epMeHTIB

- YPAKEHHS KUIIKOBOIO eIiTeIiI0
- nediuuT nepMeas i3 MOPYUICHHS TPAHCHOTPTY

BCMOKTYBAHHASA MOHOAMIHO-MOHOKAPHOHOGUX (ANAHIN, 8aJIiH), 0BOXOCHOGHUX

(ap2inin, 1izun), OikapoOOHOBUX (achapaczin, 21I0MAMIH)
AMIHOKHCJIOT

- 1e(peKTH e HETUYHOI'0 KOy
CHUHTE3 - MOPYLICHHS TPAHCJISAIIL

- IPOTEACOMHUM MPOTEOJIi3

JAEI'PAJTAILLSA - J1i30cOMHMI IPOTeO0.1i3, ayTo(aris

- TpunenTuauinentuaasa Il

- MOPYUWIEHHSI TPAHCAMIHYBAHHS,

KIHIIEBI ETAIIA :
ne3aMiHyBaHHs, 1eKAPOOKCHIIOBAHHS

OBMIHY - MOPYIIEHHSA YTBOPEHHS i BUAJICHHS CEYOBHMHU

AMIHOKHAUCJIOT Ta iHIIKMX A30THCTHX MPOAYKTIB 00MiHy



TPUNCWH

KDWCTANNEUSCKENM

K.M.BepemeeHko



JNETPATALISA (TPOTEOJI3) BLIKIB

OBMEXEHUU
IMO3A-
KJIITUHHNAU
HEOBMEXEHU
OBMEXEHUU
BHYTPIINIHBO-
KJIITUHHAU
HEOBMEXEHUU

- aKTUBAILliA PO epMEHTIB
CUCTEMHM TPABJICHHH, 3CiTaHHSHA
KPOBI,

-KOMIIJIEMEHTY Ta iH.

- epeTpaBJIeHHA OJIKIB
y CUCTeMi TPABJICHHS

- aKTUBaIlisA
BHYTPIlIHbOKJTI TUHHUX
npogepMeHTIB CUCTEMH
anmonrto3y, [IOMK Ta iH.

- IPOTEACOMHHUU MPOTEOJIi3
- JII30COMHUM MPOTEO0JIi3
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Anbdpen onbadepr

1977 p. - HENI3OCOMHUU LLNAX PYUHYBAHHSA
BHYTPILLHbOKNITUHHUX BINKiB
80-pokun — BmnainenHs NPOTEA-COMU






Seven distinct a—subunits
encoded by 7 genes

Seven distinct B-subunits
encoded by /7 genes

PA2B/11S/REC
Saven subunits (PA28w/
or PA28Y)

N

PA700/19S
17+ subunits (€ of which
are ATPases)

(\ -
\\5 (\f\\\

< Non-ubiquitinated peptice

Activaled 20S proteasome
(20S + PA28)

Short peptice fragments

S

g
" Polyubiquitin-
protein conjugate

Released
polyubiqguitin
chain

26S proteasome
(PA700 + 208 + PA/QQ)

Short peptide fragments

Nature Reviews | Neuroscience




BUAU ITPOTEACOM

KOHCTUTYUINHA

IMYHOIIPOTEACOMA

TUMOIIPOTEACOMA

o-cybveauHuubl

VMMYHHaA KOHCTUTYLIMOHHAA
B-cybveamHuub




YBIKBUTHH-3AJIEXHUMN IPOTEACOMHUMN
IMPOTEOJII3

/’/-“
;6«; Bijlox-MineHb

g9 G5
YO _..{ ¥

El Hed—e

YOIKBUTHH

19S cyOonuHmnst

O-KLIbIe

B-kigabue

"Ni, IIPOTEACOMA
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ApoH Yexanosep ABpam i“gpmlco IpBin Poy3

3a BIAKPUTTA YOIKBITHH-3AJI€KHOT0 MEXaHI3My
pPYiHYBaHHS 0iJIKiB



PoJib IpoTEacOMHOI0 IPOTEO0JII3Y B
OpraHizmi

MNMpoTeoni3 “3HoweHunx”,
MoaudikoBaHUX,
OKUCHEeHUX OinkiB

Hderpapaudin GinkiB 3
KOPOTKUM TepPMiHOM
“HaniBXuTTAa”

Perynsidia noginy ta
AandoepeHuiadii
KNIiTUH

IMyHHa BignoBiAab,
npe3eHTauis
aHTUreHiB

Perynsauin / \ Perynsuis
TpaHcKpunuii Ta M Y anonTtosy
TpaHcnsauii
Perynsauin
ayTodparii




IIpe3eHTanisa aHTUIEeHIB
BHYTPIIIHHOKJITHHHOIO MAPAa3UTAa

Cell surface

P

Cytoplasmic
1 protein

Proteasoﬁ

Cytoplasm

1

A
@ o & Peptides
Qo

Endoplasmic
reticulum

Nature Reviews | Imnmunology




: Integrin activation Migration through
Rolling by chemokines Stable adhesion endothelium

Leukocyte Sialyl-Lewis X-modified glycoprotein

~Integrin (low-affinity state)

Chamokines
(TNF, IL-1)

Fibnn and fibronectin
(extracellular matrix)



NO

(MOHOOKCH/T
a30Ty)
Ta HOI'0 POJb Y
3anaJjieHHi

Reduced
© leukocyte
adhesion

Platelets

5, Reduced
,&"V

J
—

~ ) adhesion

Endothelium /f

NO + O5 == OH"+NO,
Activation 2 < > |
stimulus g \ \J

Microbe

Cytotoxicity

Macrophage




MAHIMHEPIA KIITUHHOI'O HUKJTY

CXEMA PEr'yJisIll KJIITHHHOI'O IIUKJTY

biki-
inribiropn
cdk
(p21 TaNK4)

KonTpoabHo-
OponycKHi
OyHKTH
(checkpoint)




Insulin ¢

Insulin receptor {7 \\
) ”NWW)"J

Glucose PEHEHHIH
o [ THCVJIIHY

Ta
BHYTPIIIHbOKJIITUHHI
MeXaHi3MH peaJi3amil

edeKTiB iIHCYIIHY

GLUT-4 =
vesicle

MAP kinase
pathway

Increased glycogen/lipid/protein synthesis
Decreased lipolysis
Cell growth and differentiation




Peroxisome Proliferator-Activated
Receptor

Diet, Lipoxygenases,
adipose tissue Cyclooxigenases

k m o o+ Prostaglandins,
\(\%\%@; \ Leukotrienes
<§§§§\.§9 Fatty acids

NS ‘
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EHponjiasMaTHYHUM PETHKYJIYM Ta
IPOTEACOMHUM MPOTEOJII3

Ribosome

DRiPs Correctly folded
protein

," Slow (with age or
randomly)

Proteasome

Peptides

Nature Reviews | Inmunology



MoJieKyJasipHi
IIAlePOHH
(chaperones),
a00 OLIIKH

TEIJIOBOI0
moky (HSP)




Cytoplasm : Nucleus

(PXEXP)

Native proteins Non-native proteins

|
|
|
|
: sHssm
|

©
Binding of HSF

Translocation  J |
to nucleus

l
Y A |
(\’ % I trimer o promoter
' regions of DNA
\‘ ) HSp?O X .

Monomers of Homotrimers of

HSF, which cannot phospho ’_ylated hsp
bind DNA

I
|
|
: Transcnpuon
; of hsp genes
l

Regulation of transcription of heat shock protein genes by heat shock factor

Expert Reviews in Molecular Medicine ©2001 Cambridge University Press




/x

Ejection of
surfactant chaperones

Functional protein

w pn

M M

Denaturation
(chemical. thermal, etc.)

Protein being “renatured”

Denatured protein

Addttwn of
surfadant chaperones




Endoplasmic reticulum to nucleus signaling

ER Lumen

Cytoplasm/
Nucleus

Inactive Dimerization I'ransphosphorylation
Endonucleolytic activity -> splicing
TRAFZ recruitment -> JNK activation




Endoplasmic reticulum to nucleus signaling

3
ER lumen ‘{@(Ji misfold protein

}XPERK
Cytoplasm ATFG Ire

Precurso mRNA (XBP1) Mature mRNA (XBP1)

)—’Q: O:—v() T )

Intron removal translation 1

8>

Chaperones promote  ivate
Nucleus ERAD proteins | UPR related gene




Crpec eHI0MIA3MATUYHOIO PETUKYJIYMY TA
BiAnoBIAbL HA “aH@oaauHroBi” nporeinu (UPR)

Proteins

Cytoplasm

ER lumen

mature proteins
(2
G2

S
"2
\(

Golgi

/ coated by

transport vesicle

\ modification
and
refolding

accumulation of
misfold proteins

3R ¥
‘l_,\Jfr ~.} <+ ( ‘{’:

ER stress

(2) UPR

Ublqumn

S 0 ;: /‘\ (3) Apoptosis

(1) degradation -~ I

by proteasome
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AYTO®AI'TS - [rpeu. auto u phagos — camonoiganusa] —
0i0JI0TIYHO 3aPOrpaMoBaHMi IIJISAX Jerpaaamii OLIKIB Ta
HiJIAX OpPraHeJ1 32 y4acTi JI30COMHOI0 anapary, MeXaHi3m, 1o
3ane3nevyye KJIITUHY NOKUBHUMM PEYOBUHAMM B pasi nmepexony
HA €HJ0Te¢HHEe XapYyBaHHA




MoJieKyJasipHi
MeXaHI3MH
ayrogarii




Bacterial and viral
Starvation infection

Heart disease
Autophagosome

Removal of damaged
organelles

Aging

Crohn’s disease
Myopathies :

Amphnsome N d ti
Erythrocyte maturation AUlolysosome eurodegeneration

Lysosome Embryogenesis

Oxidative stress

Energy
Immune response metabolism

Klionsky DJ. The autophagy connection. Developmental Cell 19:11-12 (2010)




AYTODAI'TYHHA KIIITUHHA

CMEPTDb




DIFFERENT TYPES OF CELL DEATH IN
CULTURE OF NEONATAL CARDIOMYOCYTES

Visualization of living, necrotic and apoptotic cells with use of
Hoechst 33342

>~
.

Visualization of autophagic cells with use of monodansylcadaverine



biikoBi “aucTpodii” ad0 AUCIIPOTEIHO3H

I[TAPEHXNMATO3HI

e “JepHHCTA’ — HAKOMTUYECHHS OUIKIB HA PaHHIX CTAAIAX YIIKOIXKCHHS
KJIITUHU

* T'iamHoBo-KparienbHa — NOPYIIECHHS Jerpaaii OUIKIB UTOCKEIETY
Ha paHHIX CTaAISIX YIIKOIKCHHS KIITHHU

e ['iapormiyHa — HAaKOIIMYEHHS OUIKIB HA IPX TPHUBAJIIOMY YIIKOIKEHHI1
KJIITUHA

e PoroBa — HaKONIMYEHHS B KJIITHHAX IIKIPHA HEPO3ILICIIEHOTO
KepaTUHY

CTPOMAJIBHO-CYINHHI

e MykoigHe HaOyXaHHS

» D10pHHOIHE HAOYXaHHS
e ['1amiHo3

e AMLIOINO3




AMLIOI 103




Clinicopathologic Category Associated Diseases
SYSTEMIC (GENERALIZED) AMYLOIDOSIS

Immunocyte dyscrasias with Multiple myeloma and other
amyloidosis (primary amyloidosis) monoclonal plasma cell
proliferations

Reactive systemic amyloidosis
(secondary amyloidosis)

Chronic inflammatory
conditions

Hemodialysis-associated Chronic renal failure

amyloidosis
HEREDITARY AMYLOIDOSIS
Familial Mediterranean fever

Familial amyloidotic neuropathies
(several types)

SYSTEMIC SENILE
AMYLOIDOSIS
LOCALIZED AMYLOIDOSIS
Senile cerebral Alzheimer disease
Endocrine

Medullary carcinoma of thyroid  Type 2 diabetes
Islets of Langerhans

Isolated atrial amyloidosis

Major Fibril Chemically Related
Protein Precursor Protein

AL Immunoglobulin light
chains, chiefly A type

SAA

B,-microglobulin

SAA

Transthyretin

Transthyretin

APP
Calcitonin
Islet amyloid peptide

Atrial natriuretic factor




PoJib HOpYIIEHHS MPOTEACOMHOI0
IPOTEO0JII3Y B IIAaTOreHe3l aMiJIo1103y

Stressed to work
Increased g secretion

Productive stress?

Stressed to kill

- Exuberant |g secretion
Proteasome insufficiency and
accumulation of polyUb proteins

Increased metabolic, energetic
and redox demand

gA) . :
In amyloidogenic plasma cells

- Increased ER stress by misfolded light chains?

i - Proteasome inhibition by light chains oligomers?
4_(‘L Proteasome inhibitors

'\
\
V< Maladaptive UPR

NF-kB activation -
Decreased protein synthesis @ - 15
o< Terminal stress

Apoptosis
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Adaptive UPR
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» Neurodegeneration

Induction by Mutant aggregate-
autophagy prone proteins

enhancers
\ Lysosome
‘\

f Degradation of
( — g mutant aggregate-

prone proteins

Phagophore
Autophagosome Autolysosome

Autophagy ;

Reduction of mutant
protein-associated
aggregates and toxicity
I

\/
Protection in various models
of neurodegenerative diseases

Cytoplasm




PoJb ayTodarii B maroreHesi Xxsopoou
AJburenmMepa

Defective
AY Maturation

Acute
Increased

Induction _
AP Generation AP Turnover
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