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Obr 1. Dychaci fetézec
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 Endoplasmatické retikulum ma funkci:

FUNKCE 1) Syntéze proteint (,,tovarni jednotky“ ribosomy jsou na povrhu ER, ale
mohou byt i volné v cytoplazmeé)

FUNKCE 2) Syntéza lipid

FUNKCE 3) Uprava hormont, kumulace a signalni uvoliiovani Ca2+ do cytoplasmy
FUNKCE 4) Obsahuji detoxifikaéni enzymy (specificky hlavné v jaternich burikach)
FUNKCE 5) Participace na odstartovani bunééné smrti

Popis metabolismu a kinetiky ER neni stale dokonale znamy. Rada odbornych praci stale dopfesfiuje, jak presné se
syntetizované proteiny i jiné molekuly ,KONTROLUJI“ a EXPORTUJI ven z ER a jak ER transportuje material do
ostatnich organel a pfipadné ven z bunky.



FUNKCE 1 — syntéza proteinu



« Vdrsném ER dochazi k vyrobé (translaci) mnoha proteinu
(bilkovin).

« Konrétné pomoci tzv RIBOZOMu
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https://cs.wikipedia.org/wiki/Translace_(biologie)
https://cs.wikipedia.org/wiki/Transmembr%C3%A1nov%C3%BD_protein

MRNA prinese informaci podle které se sestavuje protein!
(na kod ze 3 nukleovyh kyseliny vzdy pripada urcCita
aminokyselina tvofici protein)




Ribozomy jsou ale dvojiho druhu !

- prvni upnuté na povrch ER

- Druhé volné mimo ER (v cytoplazmé)
(kazdy vyrabi protein pro jiné cilové destinace)

Types of ribosomes: Overview
of protein sorting

Free ribosomes in cytosol

Cytonol




Pozn. bokem
(z biochemie)
stavebni kameny
proteint jsou
aminokyseliny,
20 standartnich,
které Ize délit do 5
skupin

Minimalné znat
alespon dva
typické zastupce
kazdé skupiny
(nazvem i
vzorcem).
|Idealné vSechny,
shodne se do
budoucna.
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« Synteza proteinl nespociva jen ve vytvoreni linearniho fetézce
aminokyselin. Proteiny vytvorené na ribozomech nasledné podléhaji
upravam (v prvni fazy v ER a Golgiho a paratu hlavné

« (a) glykosilace ....

..Cili nalepeni cukernych fetézcu




V dalSich fazich i dal§i modifikace proteinu (nejen v endoplasmaticém retikulu):

* (b) ZavéSeni chaperonu:

BEFORE




« (d) Findlni SBALENI PROTEIN& (neboli FOLDING) - dle poslednich
vyzkumii piiblizn€¢ tretina syntetizovanych lidskych proteini prochazi
endoplasmatickym retikulem a je zde také sbalovana. TO znamena, Zze tyto
proteiny ziskavaji v cisternach endoplasmatického retikula energeticky stabilni
konformaci tzn. svou nativni strukturu. Ostatni proteiny se ,,nesbalené*
exportuji a finlizuji v jinych Castech bunky.

Sbalovani proteint je proces, pii kterém

dochazi kK postupnému snizovani F’ it ql
energie molekuly (jedeme po kiivce dolt — viz graf) _. o= — j
ale muze zahrnovat A

> r . ’ . L, o Entropy Unfolded
prechodné energetické bariery (mirné kopecky). \ /

Jednou z funkci chaperont je snizovat
tyto bariery a napomahat tak spravnému

sbaleni proteinti.

e &
Zjednodusené lze tict, ze folding je rekonformace Mohen globule
Zpuisobena intereakci hyrofobnich a hydrofilnich
¢asti proteinu s okolni vodou (viz typy aminokyselin T
v tabulce 3 strany zpét a obrazek oleje vpravo). L, stabilni

Native state

Exaktni kvantitativni popis fesi moderni kalorimetry, resp
bioenergetika a termdynamika pomoci simula¢nich

vypocetnich programi a in silico modelu.



Pozn bokem: néktera antibiotika obecné v bunkach inhibuji urcité faze
syntézy proteinu

Antibiotics

They inhibit different steps of protein synthesis

® Actinomycin D - transcription (complex with DNA)
* Rifamycin - transcription (RNA polymerase)
* Amanitin - transcription (RNA polymerase IT)

* Streptomycin - iniciation

* Tetracycline - aminoacyl-tRNA - A locus interaction

* Erythromycin - translocation of tRNA from A to P locus
* Cycloheximide - - (only in eukaryotes)

* Chloramphenicol - peptide bond formation

* Puromycin - termination

Penicillins and Cephalosporins - synthesis of bacterial cell wall



FUNKCE 2 - syntéze lipidu



syntéza lipidu

« Endoplasmic

phospholipids,

reticulum have

important

interactions with peroxisomes,
mitochondria, lipid droplets, plasma membrane, and Golgi apparatus.

« With mitochondria, ER works coordinately to synthesize some of the major
including phosphatidylcholine (PC), phosphatidylserine (PS), and

phosphatidylethanolamine (PE). Contacts between ER and peroxisomes permit the

synthesis of plasmalogen and cholesterol, while sphingomyelin (SM) is obtained as a

result of interactions between ER and Golgi apparatus. Both peroxisomes and lipid droplets
derive from ER membranes, implicating proteins such as Seipin and FIT (in lipid droplet biogenesis), or Pex3 and
Pex19 (in peroxisomes biogenesis). However, ER can also interact with more organelles such as lysosomes. ER
can also contact with plasma membrane; these contacts permit, for instance, the phosphatidylinositol (PI),

phosphatidic acid (PA), PS, and phosphatidylinositol 4-phosphate (P14P) transport, thanks to PITPNM1 and
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* V ER se vytvari i zasobni lipidové kapky
(specialnim procesem vychlipenim a
odskrcenim segmentu membrany ER do
cytoplasmy)
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Poznamka na zavér ER: Rada odbornych praci upfesfiuje, jak pfesné se pak syntetizované proteiny , KONTROLUJI* a
EXPORTUJI ven z ER:

Srozumitelnou angli¢tinou s mnoha odkazy na odborné publikace popsano napf
zde:https://www.ncbi.nim.nih.gov/books/NBK26841/#A2242

..... The extensive ER network serves as a factory for the production of almost all of the cell's lipids. In addition, a major
portion of the cell's protein synthesis occurs on the cytosolic surface of the ER: all proteins destined for secretion and
all proteins destined for the ER itself, the Golgi apparatus, the lysosomes, the endosomes, and the plasma

membrane are first imported into the ER from the cytosol. In the ER lumen, the proteins fold and oligomerize, disulfide
bonds are formed, and N-linked oligosaccharides are added. N-linked glycosylation is used to indicate the extent of
protein folding, so that proteins leave the ER only when they are properly folded. Proteins that do not fold or
oligomerize correctly are translocated back into the cytosol, where they are deglycosylated, ubiquitylated, and degraded
in proteasomes (bude popsano v nasledujici kapitole). If misfolded proteins accumulate excessively in the ER, they
trigger an unfolded protein response, which activates appropriate genes in the nucleus to help the ER to cope.



https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5151/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5688/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5642/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5055/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5147/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5243/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5912/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5568/

F U N KC E 3 = modifikace prekurzort hormonu, enzymu a kooperace signalnich molekul

* V endoplazmatickém retikulu (zejména v tom hladkem,
kde neni hlavni syntéza bilkovin) se odehrava rada
vyznamnych metabolickych pochodu: syntéza

QIURGZa6Resatll, oxidaci a redukci
rdznych SieroldnichrRormont, syntéze vitaminu C
» PFpravuje prekurzory pro [faViCRenzymy (buriky

slinivky), kolagen (ve fibroblastech) Ci protilatky (B
|ymeCyty, finalizace v Golgiho aparatu a exort vné buhky)

« Jednou z dulezitych roli endoplazmatického retikula je
skladovat Vapenate ionty (€a2")a v pripadé potfeby je
rizene uvolnovat do cytosolu (to ma efekt jednak jako
signal pro start stahu svalu, ale i pro start apoptozy
nebo jiné reakce bunky na aktualni situaci)



https://cs.wikipedia.org/wiki/Gluk%C3%B3za-6-fosf%C3%A1t
https://cs.wikipedia.org/w/index.php?title=Steroidn%C3%AD_hormony&action=edit&redlink=1
https://cs.wikipedia.org/wiki/Vitam%C3%ADn_C
https://cs.wikipedia.org/wiki/Cytoplazma

SARCOplasmaticke retikulum

(ER ve svalovych burkach)

Ca2+ se uvolni

|: Ca?* Release from Terminal Cisternae binding site exposure
2: Myosin head binds to Actin binding Sites (ATP hydrolized)
3: Release of ADP and Pi causes Power Stroke

4: ATP causes Myosin head to be released

5:ATP is hydrolyzed, re-energizes the myosin head

6: Ca?* are pumped back into the Terminal Cysternae



Extracellular matrix :
1 l )( )

Dystroglycans

Sarcolemma

Syntrophins
Cytoplasm

a-Dystrobrevin

Nature Reviews | Genetics


https://cs.wikipedia.org/wiki/Sval
https://cs.wikipedia.org/wiki/Mutace
https://cs.wikipedia.org/wiki/Gen
https://cs.wikipedia.org/wiki/Dystrofin

Cytoplasm




FUNKCE 4

* V. membrane endoplazmatického retikula
se vyskytuje skupina cytochromu P450

(hlavne v jaternich bunkach)

P450 jsou velmi dulezité enzymy pro farmakologii
zname nékolik podtypl, podtyp 3A4 a 2C9
metabolizuje vétSinu IéCiv a Fadu toxinu a
xenobiotik

viiv s

pro snadnéjsi vylouc€eni z téla)




FUNKCE 5 - participace ER na spousteni bunéecné smrti

MITOCHONDRION.

MITOCHONDRION

Mitochondrial BAX/BAK Independent Mitochondrial BAX/BAK Dependent




GOLGIHO APARAT

Golgiho aparat tvori lamely a cisterny
orientované konvexitou k jadru.

To, co vytvori endoplazmatické retikulum se
dostane do Golgiho aparatu, kde dochazi k
postsyntetické upravé proteinu (nejcastéji
gylkosylace, fosforylace, sulfatace a spec.
Proteolyza) do sekrecnich
vezikul, lyzosomi a dalSich organel.

Po prestavbé opousti proteiny Golgiho aparat
druhou stranou povrchu.

Transport bilkovin probiha bud' nepretrzité (konstitutivné) nebo je regulovany
chemickymi signaly. Jaky bude osud vytvofeného proteinu (kam bude
transportovan) je zavislé na signalnich strukturach a signalnich sekvencich.

Sekrecni granula jsou vysilana do ctoplazma

resp. smerem k vnéjsSi mebrané.

*Delivered directly

to the plasma
membrane

Delivered to
the endolysosomal
system

? Retained in the \\

Golgi apparatus ;

/

m——

Returned to the
endoplasmic reticulum

o\



Golgiho aparat je aktivni napfiklad
pfi sekreci materského mléka

Local control of mammary development
and function Christopher H. Knight 1998

YU

Milk in lumen

(b) Human mammary gland

Fig. 1. (a) Diagr atic rep tation of the m y gland of a dairy species. Local feedback inhibition of milk secretion results from
the action of a secreted milk protein (FIL), which s effective in milk stored within secretory tissue but not in milk that has moved down
into the storage sinuses. (b) In rodents, man and some other specics the storage sinuses are absent and milk drains through ducts directly o
the nipple. (¢) Individual secretory alveols are hollow sacs of polarized secretory epithelial cells drained by a fine duct Thus, the FIL is an
autocrine factor, produced and secreted into milk by secretory epithelial cells from where it binds to presently uncharacterized sites on the
apical membrane of the same cells. () Within the cell, feedback inhibitor of lactation reduces the rate 0f protein secretion by disruption of

vesicle trafficking through the Golgi apparatus.




Nebo také pfipravé a pfi exportu MHCII do finalni pozice na vnéjsi
membrané bunky (viz imunitni systém: MHCII molekula na antigen
prezentujici bunce)

Dale pfi upravé a transportu IgM molekul (imunoglobuliny pfi sekrecni
odpovédi B-lymfocytu proti patogenem ...viz kapitoly imunologie) do
vnéjsku bunky:

ER ERGIC

¥ nlvmcnu: won

monomer IgM 1["
hexamer IgM
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ORGENELY a KOMPLEXY
S DEGRADACNI A
RECYKLACNI FUNKCI




ORGENELY a KOMPLEXY
s degr.a recyklacni funkci

Syntézu proteinu a lipidd jsme popsali u endoplasmatického retikula.
Stejné jako rychla syntéza proteinu je pro buiku dulezité v pravy ¢as
urCité proteiny a lipidy v bunice zdegradovat (a nejlépe rozlozit na
puvodni aminokyseliny a jiné komponenty). U¢astni se hlavné
LYSOZOMy a PROTEASOMy

Tyto DEGRADACNI komplexy a pfipadn& nabourani jejich funkce, se
jevi jako extrémné dulezité jak pro pochopeni neurodegenerativnich
onemocnéni, tak pro ovlivnéni odumreni/inhibice/preziti rakovinnych
bunek

Pozn historicka: objevy degradacnich organel a jejich mechanisma byly relativhé nedavno ve
srovnani s ostatnimi organelami:

Mitochodnrie — 19. stoleti ; Organely pro syntézu (ER, Golgi ap) - 19. stoleti

Lysozomy — 1955, publikace S. Goldfischer, E. Essner,A.B. Novikoff: The localization of acid
phosphatase activities at the level of ultrastructure.( J. Histochem. Cytochem. 12: 72-95, 1964)

Proteasom — 1984, Nobelova cena 2004 (za popsani ubiquitin-proteazomového systému )



Synteza a degradace proteinu i
lipidu jsou komplexné provazane

« Jde o komplexni vyrobni i recyklacni sit vice organel,
napfiklad sit pro jeden z membranovych lipidu:

p1asmatické membrana

cyto
=—==-=%>
“efektivni funkénost , ,m
exocytické transportnlo v membrané” endocytické v A L7
vaéky (import do e P
cytoplasmatickeé 2 transportni vacky © » recyklace
membrany) o s o
EasnyltFidici ,3, P
endosom 4
| - 7’
piimad reglykosylace ’
I parciainé 5A__ -
I degradovanych -
Golgiho - AN 5B
aparat &= \
------ 050
== pozdni endosom
MPR+
de novo 0 < _ A
syntesa e v
I -
ER'-::_ S e e —— = ——— O degradace
lysosom
MPR-

{modifikovano die Tettamanti et al. 2003)



* A napriklad koperace ER a proteasomu po
Verbé ChybnéhO prOteinU (oznacen a zlkividovan)

%N foteasome
p-rnlei

N ghycanase
CYTOS0L
L ER prutei nnnnnn lacator
W iSect1 complex)

“misfolded protein

chaparone



PROTEASOM

(pozor: neplést si proteasom a proteom)

BEZ PROTEASOMU?: by se burika ¢asem zahltila nepotfebnymi proteiny (pro normalni buiiky nechceme ale toto vyuzivaji onkologové
pro darebné nadorové burnky), nefungoval by bunécny cyklus, nefungovalo by prezentovani fragmentd na apovrchu burnky....

Proteiny jejichz aktivni ¢innost v burnce ma byt jen kratkodoba, jsou
odstranovany témer vyhradnée v proteazomu po ubikvitinaci.(angl.
ubiquitination) neboli oznackovani ,znackou smrti“. Typickym
zastupcem takovychto proteint jsou tzv. cykliny - jejich pravidelné
mizeni a znovuobjevovani umoZnuje burikam spravné nacasovat
jednotlivé deje nezbytné pro deleni bunky (souvist s: prednaska o
bunécném cyklu) o

Krome toho se ubikvitinace podili i na degradaci bilkovin t_f\/
urcenych k prezentaci antigenti (kazda bunka vystavuje
na svém povrchu fragmenty nekterych bilkovin
pritomnych uvnitr) (viz prednaska o imunitnich bunkach o

CACe e JNEECTED
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hemTwy



,nic neni zadarmo”

ubikvitin -.lTF;- G
O Vs 00 O
000 E1, E2, Eg. 0 proteazom :ﬁﬁ’if' / Q

‘R

protein

Na ubikvitinaci je Na rozlozeni v proteazomu
potfeba energie (ATP) je téz treba energie (ATP)



« Ubikvitinace a funkce proteasomu souvisi

S radou nemoci:

176 K. Dusari et al. / Free Radicol Biology and Medicine 62 (2013) 170-185

Table 3

Proteolysis dysfunction involved in various neurcdegencrative diseases.

Disease Genes Protein aggregates Proteclysis dysfunctions reporbed
Alzheimer disease AP, PRENT, PSENZ Tau, Afi (senile plagues|neurofibrillary Decreased proteasome activity [119)
tangles) Decreased E1, E2 ubiguitin ligase activity | 120]
Autophagy dysfunction A in autophagic
vacuoles [181]
Induction of MMPs in presence of AR [206.207]
Inhibition of calpain function [231]
Amyotrophic lateral sclerosis SO01 Mutant SO0, symuclein, TOPS Mroteasome alterations [150]
Increased proteazome and caspase activities
[151]
Accumulation of autophagosomes and pB2 [195]
Altered expression of cathepsin D [197)
Huntington disease Humtingtin, Ataxins Polyglutamine aggregates, mutant Decreased proteasome activity [ 138)
huntingtin Autophagic vacuoles with aggregates | 268)
Increased expression of calpain isoforms [269]
Parkinson disease a-Synuclein, Parkin, Pink1, a-Synuoclein, tau (Lewy bodies| Impaired 265206 activity |130]
LIRK2, [§-1 neurafibrillary sobunits) Accumulation of a-synuclein [187]

Stroke (cerebral 1schemia) amd
brain imjury

Ubiquitin aggregates

Dysregulation of avtophagy in Atg5 and Atg? KD
mice [179]
Increased calpain activity [270]

Impaired proteasome activity | 158,159]
Autophagic cell death [198,199)

Increased MMP-9 activity [212.214]
Increased MMP expression after stroke [213]
Increased caspase activity [271]

Increased autophagy [272]

A, amyloid-fl; MMP, matnix metalloproteinase.



Pozn: z farmakologicke praxe

Prikladem moderniho farmakva pro inhibici proteasomu je Bortezomib
(napfiklad u bunék MNOHOCENTEHO MYELOMY ,zaSpuntuje”
proteasom a nadorove bunky nemohou degradovat proteiny a

postupné jdou do apoptozy;

Navic Bortezomib také ztizi
adhezi téechto bunek

na tzv. stromalni bunky

a zpomali progres
onemocneni)

MPT0G413
Bortezomib

Misfolded/unfolded
protein degradation

1!

Cell growth
and survival

Multiple myeloma cell §

MPT0G413

Adhesion of % Bortezomib

MPT0G413 MM cells ¥
Bortezomib toBMSC VL /\4 e

VC /\\/a
L_—

Bone marrow stromal cell



LYSOZO MY (angl. Iysosoms)

« Lysosomes are membrane-bound, dense
granular structures containing
hydrolytic enzymes responsible mainly for CYTOSO
intracellular and extracellular digestion.

« Itis an important cell organelle responsible
for the inter and extracellular breakdown of

0205 prm

pH-7.2

pH-5.0

ACID HYDROLASES
nucleases

profeases
substances. They are more commonly glyscsidates
. . . . IpaEEs
found in animal cells while only in some phasphatases
sulfatases

lower Lysosomes occur freely in the
cytoplasm.

* Inthe lysosoms is pH decreased to acidic

value (cca 5)

(H+ gradient is created by ATPase) (ATPase is enzymes that
catalyze the decomposition of adenosine triphosphate (ATP) into
adenosine diphosphate (ADP) and a free phosphate ion and
produce ENERGY;

phospholi pases

Slgure 13-21. Molacular Bialogy of the Cell, 4th Editlon.



Patologie lysozomu

Lysosomalni stradava onemocneni (LSDs, Lysosomal Storage
Diseases) tvori skupinu vice nez 70 vzacnych dédicnych
metabolickych onemocneni, jejichz pricinou je nejcastéji porucha
funkce nékterého z lysosomalnich enzymd.

Farmakologicka intervence je dnes v klinické praxi uzivana pr
nekolik LSDs — Gaucherovu chorobu, Fabryho chorobu, Pompeho
chorobu a mukopolysacharidozu typu I, II, IVA a VI.






Poznamky (nejen k testiim)
aneb nekolik castych pojmovych chyb

Pozor na pojmy:

stasis = preserving constancy in the internal environment’.
Hemostasis (or haemostasis) is a process to prevent and stop bleeding,
meaning to keep blood within a damaged blood vessel

Hemopoieis (hematopoiesis; haematopoiesis) = the formation of blood cellular components — occurs
during embryonic development and throughout adulthood

Proteom
Proteasom

Epistasis (Epistase)
Epigenetic (Epigenetika)

Endosom
Exosom

Genotype (genotyp)
Phenotype (fenotyp)



Bone marrow
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