Proteiny — zivotni cyklus
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Téma prednasky

» ZIVOTNI CYKLUS PROTEINU

» zakladni principy zivotniho cyklu proteinu a
mechanismu regulujicich dynamiku téchto procesu;

» syntéza proteinu, jeho transport a degradace;
» vybrané post-translacni upravy proteinu;



Ribozémy a translace

» mRNA exportovana z jadra v podobé ribonukleoproteinu;
» translace mRNA probiha na ribozomech — zajistuji jak katalyzu tvorby
peptidové vazby, tak kontrolu presnosti (1 chyba na cca 10* AA);
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Kontrola kvality mRNA

syntéza mRNA zahrnuje fadu krokU nejen vlastni transkripci, ale i jeji

post-transkrip&ni Upravy a vazbu proteini umoznujicich tyto upravy i jeji
transport;

» jak v jadfe, tak v cytosolu mize dojit k poskozeni mRNA — vznik
aberantnich proteint - v burikach existuje proto u€inny systém kontroly jeji
kvality;

» rozpoznani CepiCky a polyadenylovaného konce pfi iniciaci;

» nonsense-mediated mMRNA decay — odstranuje poskozenou mRNA v
prubéhu transportu z jadra;
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Nonsense-mediated mRNA decay

» zahajen v okamziku vystupu 5° konce z jadra — navaze se ribozém a dojde postupné
k uvolnéni spec. proteint vazanych na spoje exonl — exon junction complexes;

» pokud dojde vSech EJC, je mRNA uvolnéna do cytoplazmy k dalSi translaci, pokud
ale ribozédm dojde ke stop kodonu a zastavi se jesté pred uvolnénim vsech EJC
— je iniciovan proces degradace mRNA,;

» kontrola produkce kompletnich proteint — vyznam napf¥. pfi pfestavbach proteint v
burikach imunitniho systému; u fady dédicnych chorob umoznuje eliminaci
potencialné toxického porteinu produkovaného poskozenou alelou;
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Ribozémy a translace

podjednotky ribozému jsou sestavovany v jadérku, exportovany jadernym
pérem a nasledné sestavovany ve funkéni ribozémy v cytoplazmé;

» typicka burika obsahuje miliony ribozomu; pokud neprobiha translace, jsou obé

hlavni podjednotky ribozomu oddélené — spojuji se na molekule mRNA (blizko
5‘ konce;

» 2 odlisSné typy lokalizace — cytoplazma a membrany (ER, jadro);
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Struktura ribozému

» eukaryoticky ribozém (80S) — 4 rRNA (ribozymy) a cca 80 proteinu;

» mitochondrialni ribozém savcl (55S) — velmi odliSny — nizké mnozstvi rRNA
(12S — mala podjednotka; 16S — velka podjednotka, mensi chem. modif.) a

velmi mnoho proteinu;

70s

MW 2,500,000

505 (large) subunit/

MW 1,600,000 MW 900,000
55 rRNA 235 rRNA 165 rRNA
120 g E
nucleotides 2900 1540
nucleotides nucleotides
34 proteins 21 proteins
BACTERIAL RIBOSOME

Figure 6-61 Molecular Biology of the Cell 6e (© Garland Science 2015)

\ 30S (small) subunit

80S

MW 4,200,000

60S (large) subuni/ \ 40S (small) subunit

e O‘m\ MW 1,400,000
5SrRNA 285 rRNA 5. 85 rRNA 'IBS rRNA
s
120 160
nucleotides nucleotides 1 200
nucleotides
4700
nucleotides
~49 proteins ~33 proteins
EUKARYOTIC RIBOSOME



Struktura ribozému

» eukaryoticky ribozém — 4 vazebna mista pro RNA -1 pro mRNA a 3 pro
tRNA; spravny Cteci ramec je zajisStén tésnou vazbou dvou sousedicich
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growing polypeptide chain
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Translace probiha na polyribozomech

» syntéza proteinu — desitky sekund az nékolik minut; pro zrychleni procesu
— mnohonasobna iniciace — polyribozémy (polyzémy) oddélené cca 80
nukleotidy;

» eukaryotickda mRNA — interakce 5° a 3° konce — po disociaci ribozému
muze ihned dojit k re-iniciaci translace;
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Antibiotika umoznuji studium vyznamu
dynamiky syntézy proteinu

growing polypeptide chain

» stabilita mMRNA i proteinu zasadnim zplsobem step1 | —

- 2 —
ovliviiuje hladinu proteinu v burice; e S
E
» moznost vyuziti specifickych inhibitord; o ailanall UL
Esite Psite n\ site
Inhibitors of Protein or RNA Synthesis srz:zg’/ i
Inhibitor Specific effect " 1
Acting only on bacteria ol : 3':. 4 V-
Tetracycline Blocks binding of aminoacyl-tRNA to the A site of ribosome
Streptomycin | Prevents the transition from translation initiation to chain elongation and also causes miscoding srizﬁs&/ 2 @ " ‘
Chloramphenicol Blocks the peptidyl transferase reaction on ribosomes (step 2 in Figure 6-64) e i
Erythromycin Binds in the exit channel of the ribosome and thereby inhibits elongation of the peptide chain ey A _:_ '
Rifamycin | Blocks initiation of RNA chains by binding to RNA polymerase (prevents RNA synthesis)
Acting on bacteria and eukaryotes - 4/ :-@.
Puromycin Causes the premature release of nascent polypeptide chains by its addition to the growing chain end "’"f“%" i
Actinomycin D Binds to DNA and blocks the movement of RNA polymerase (prevents RNA synthesis) ] ejm::sién;wa = , _: B
Acting on eukaryotes but not bacteria »
Cycloheximide Blocks the translocation reaction on ribosomes (step 3 in Figure 6-64) ::’@; 2@ : (b:sﬁi
Anisomycin Blocks the peptidyl transferase reaction on ribosomes (step 2 in Figure 6-64) W tRNA
a-Amanitin Blocks mRNA synthesis by binding preferentially to RNA polymerase Il . ) i iR
The ribosomes of eukaryotic mitochondria (and chloroplasts) often resemble those of bacteria in their sensitivity to inhibitors. Therefore,
some of these antibiotics can have a deleterious effect on human mitochondria. Figure 6-64 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Zivotni cyklus proteinu

nascent polypeptide chain

» po syntéze proteinu musi dojit k jeho dalSim
upravam zahrnujicim jeho slozeni do spravné

trojrozmérné struktury, tvorbeé post- fokdingand

translaénich modifikaci (v€éetné napf. Stépeni cofactor binding
. , . . , (noncovalent

proteinu vedouciho ke vzniku aktivniho interactions)

proteinu), vazbu malych molekul (ko-faktoru),
transport a za€lenéni do spravné organely
(buni. struktury), vazbé na partnerské proteiny
vytvarejici multiproteinové komplexy nebo l covalent modification

iici i i by glycosylation,
regulujici funkci proteinu; y glycosy

phosphorylation,
» naopak proteiny, které jsou jiz nefunkcni,

acetylation etc.
poskozené, maji nespravnou strukturu jsou €

degradovany 2 zakladnimi mechanismy — i -
Stépenim v proteazému nebo lysozému; oba
t d d . , + sasti binding to other
ypy degradace jsou zaroven soucasti proteimsubunits
zpétnévazebnych regulaci;

» koneCnym osudem proteinu nemusi byt jeho P
degradace — bunky recykluji Fadu proteinu; o @

mature functional protein
Figure 6-77 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Skladani proteinu (protein folding)

» po syntéze proteinu musi dojit k jeho slozeni do spravné trojrozmeérné
struktury; informace pro spravné slozZeni je obsazena v primarni strukture
(sekvenci AA);

dochazi k vytvoreni kompaktni struktury — protein prostrednictvim
nekovalentnich interakci zaujima konformaci minimalizujici volnou energii;
ve vodném prostfedi jsou hydrofébni AA soustfedény uvnitf proteinu,
zatimco polarni AA v blizkosti povrchu, kde vytvareji vodikové mustky s
vodou, dalSimi molekulami, nebo uvnitf — vzajemné vazby AA;
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Skladani proteinu (protein folding)

» ke skladani proteinu mlze dojit rGznym zpUusobem — nejjednodussi je
varianta, kdy dochazi ke skladani proteinu jiz v pribéhu translace;

» to nemusi byt finalni struktura — vznika forma oznacCovana jako ,molten
globule® ve které probihaji dal§i drobné pfestavby a pfizpusobovani struktury
— relativné pomaly proces;
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Molekularni chaperony

% vétSina proteinu vyuziva ke spravnému slozeni specializované proteiny —
molekularni chaperony; umoznuji spravné sbaleni proteinu — bez nich by
mohly vznikat potencialné nebezpecéné struktury a agregaty;

% chaperony rozpoznavaji a vazou se na hydrofobni povrchy proteint —
umoznuji spravneé slozeni, mohou rozpoznavat nespravné slozené proteiny,
nebo mohou proteiny stabilizovat v urCité konformaci (napf. inaktivni
receptory apod.);

» nejveétSi skupina — heat-shock proteins (hsp) — proteiny teplotniho Soku
(jejich hladina v burice prudce narUsta pfi zvySené teploté);

» hsp60 a hsp70 — hlavni rodiny — ruzné typy v jednotlivych organelach —
specializované hsp60 a hsp70 napfr. v mitochondriich, BiP (specialni hsp70 v
ER);

» obé skupiny se li§i mechanismem svého pusobeni — obé skupiny maji
spole¢né vlastnosti vysokou afinitu k hydrofobnim usekium (hydrophobic
patches) proteinu, vyuzivaji hydrolyzu ATP k vazbé a uvolnéni proteinu;

» vedle téchto proteinu je v bunkach i velké mnozstvi dalSich specializovanych
chaperond;




» pusobi velmi brzy — €asto je protein jesSté navazany na ribozém;
» monomery hsp 70 se vazou na kratké (4-5 AA) useky a vyuzivaji energii ATP
k nasmérovani spravného slozeni proteinu;
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hsp60 (chaperoniny)

» pusobi pozdéji — po uvolnéni z ribozému; protein je zachycen
prostfednictvim hydrofobnich interakci (bé€hem prvni vazby €asto dochazi k
rozbaleni proteinu) — pfenesen dovnitf (hydrofilni povrch) a uzavren vickem
(uzavreni vyuziva ATP) — po dobu cca 10 s je mu umoznéno znovu se slozit;

» poté dojde znovu s vyuzitim ATP k uvolnéni viCka a proteinu;

» hsp70 je v buice pfitomen v rdznych formach — jako hsp70 v mitochondriich,
TCP1 v cytosolu;

GroES cap

incorrectly or "'thfObe]D:!C é
incompletely protein-binding
folded protein sites N S B oty

\ A

B JAZ;_,Z:'Q =

ADP + (P

hsp60-like
protein complex

Figure 6-81a Molecular Biology of the Cell 6e (© Garland Science 2015)




Post-translacni modifikace

» vedle spravného slozeni proteinu maji zasadni
vyznam pro jeho dalSi osud a funkci také post-
transla¢ni modifikace;

» zasadnim zpusobem ovlivni viastnosti AA a
tedy i strukturu proteinu;

» bunécna signalizace;
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Post-translacni modifikace

» hlavni typy — fosforylace (Ser, Thr, Tyr),
methylace (Lys), acetylace (Lys), palmitoylace
(Cys), N-acetylglukosamin (Ser, Thr), ubikvitin
(Lys);

®» mnoho dalSich;

» fada proteinu muze byt modifikovana na mnoha
mistech — velmi pfesna regulace;

A SPECTRUM OF COVALENT MODIFICATIONS PRODUCES A REGULATORY PROTEIN CODE

MOLECULAR SIGNALS DIRECT ADDITION OF COVALENT MODIFICATIONS
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Presun proteinu do cilového mista (organely)

bunécné organely predstavuji oddélené kompartmenty do kterych jsou proteiny
transportovany 3 zakladnimi mechanismy:

- gated transport — jaderny por;

- prostifednictvim translokace proteinl — specifické proteinové translokatory — napf. do
mitochondrii, ER;

- vezikularni transport;
- kazdy protein obsahuje ,sorting signal® rozpoznavany specifickymi receptory;

Some Typical Signal Sequences

Function of signal Example of signal sequence

sequence

Import into nucleus -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

Export from nucleus -Met-Glu-Glu-Leu-Ser-Gln-Ala-Leu-Ala-Ser-Ser-Phe-

Import into mitochondria *H,N-Met-Leu-Ser-Leu-Arg-GIn-Ser-lle-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg-Thr-Leu-Cys-
Ser-Ser-Arg-Tyr-Leu-Leu-

Import into plastid *H,N-Met-Val-Ala-Met-Ala-Met-Ala-Ser-Leu-GIn-Ser-Ser-Met-Ser-Ser-Leu-Ser-Leu-Ser-
Ser-Asn-Ser-Phe-Leu-Gly-GIn-Pro-Leu-Ser-Pro-lle-Thr-Leu-5er-Pro-Phe-Leu-GIn-Gly-

Import into peroxisomes -Ser-Lys-Leu-COO-

Importinto ER *H,N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-Val-Gly-lle-Leu-Phe-Trp-Ala-Thr-Glu-Ala-

Glu-GIn-Leu-Thr-Lys-Cys-Glu-Val-Phe-GIn-
Return to ER -Lys-Asp-Glu-Leu-COO-
Some characteristic features of the different classes of signal sequences are highlighted in color. Where they are known to be
important for the function of the signal sequence, positively charged amino acids are shown in red and negatively charged amino
acids are shown in green. Similarly, important hydrophobic amino acids are shown in orange and important hydroxylated amino
acids are shown in blue. *H_N indicates the N-terminus of a protein; COO- indicates the C-terminus.

Table 12-3 Molecular Biology of the Cell 6e (© Garland Science 2015)




Transport proteinu do mitochondrii

» mitochondrialni proteiny kédované jadernou mRNA jsou tvofeny na cytosolovych
ribozomech- transport do specifického mit. subkompartmentu; kompartmentalizace
mitochondrii hraje vyznamnou roli v jejich funkci - vnéjSi membrana vybavena
poriny je volné propustna pro malé molekuly (malé metabolity — napf. soucast
citratového cyklu), zatimco matrix je oddélena vnitfni membranou, ktera umoznuje
pfenos malych molekul a iontll pouze pomoci specializovanych membranovych
transportérl — tvorba elektrochemického gradientu a potencialu);

» signalni sekvence — na N-konci (po pfechodu do mitochondriii je odstranéna signalni
peptidazou) nebo uvnitf sekvence;
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Transport proteinu do mitochondrii

» mitochondrialni proteiny kédované jadernou mRNA nejsou skladany do finalni
konformace, ale zUstavaji nesloZzené (navazané na hsp70 ¢&i specializované proteiny
vazané na sign. sekvenci);

» vazou se na receptory pro import (soucast komplexu TOM) — protein poté pfechazi do
translokaéniho kanalu; TOM a TIM komplexy mohu pfenaset protein sou¢asné az do
mit. matrix, ale ten muze také interagovat s dalSimi proteiny a zaclenit se do vnéjsi nebo
vnitfni mit. membrany;
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Transport proteinu do mitochondrii

transport vyzaduje energii — Stépeni ATP — pro uvolnéni chaperonu; gradient
umoznuje prenos poz. nabité signalni sekvence do matrix;

na vnitfni strané vnitini membrany — mitochondrialni hsp70 — s vyuZzitim energie vaze
a uvolni neslozeny protein — ten nasledné interaguje s mitochondrialnim hsp60 — je
sloZen do finalni podoby;
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Zacélenéni proteint do vnéjsi a vnitrni mit. membrany

TOM COMPLEX SAM  outer

» do vnéjsi mit. membrany jsou proteiny zaclenény prostiednictvim struktur o-helixt

nebo (poriny — proteiny umoznujici pfechod malych molekul) pusobenim
specializovanych chaperont v mezimembranovém prostoru a pomoci komplexu SAM;

» pro proteiny urené pro mezimembranovy prostor nebo vnitfni membranu existuje fada

mechanismu:
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Transport proteint do peroxizomu

peroxizomalni proteiny jsou vétSinou syntetizovany na cytosolovych polyzémech;

specificka sekvence — Ser-Leu-Lys — PTS1 - na C-konci peroxizomalnich proteinu
(rozpoznavana Pex5) sekvence PTS2 na N-konci (rozpoznavana Pex7);

rozpoznavany specifickymi cytosolovymi receptory — nasledny import je umoznén
peroxiny — vytvareji velky komplex umoznujici transport slozenych proteind;
cytosolovy Pex5 funguje jako cytosolovy receptor — po transporu peroxizomalniho
proteinu je uvolnén zpét do cytoplazmy (pomoci hydrolyzy);

mensi ¢ast peroxizomalnich proteinl je importovanai z ER;

W asBindng Cytosal

e Recaplor recycling

b Transport

Mature Reviews | Molecular Cell Biclogy




Transport proteint do endoplazmatického retikula (ER)

prvni signalni sekvence uréujici lokalizaci proteinu byly popsany u ER;
ER pfijima proteiny jiz v prabéhu jejich syntézy — jejich dalSi osud zalezi na typu
proteinu — membranovy vs. solubilni;

membranové proteiny jsou ihned za€lenény do membrany ER, zatimco solubilni proteiny
jsou translokovany do lumen ER;

ER signaling sequence je rozpoznana komplexem ,signal-recognition particle“ (SRP)
— rozeznava ribozém syntetizujici protein — navaze se na ribozém, zastavi translaci

po navazani na signalni sekvenci dojde k odhaleni vazebného mista pro SRP receptor na

membrané ER, pfipojeni proteinového translokatoru a postupnému prenosu rostouciho
polypeptidoveého fetézce do ER;

binding of SRP to signal peptide

signal causes a pause in translation
sequence *
of growmg
peptide RECOGNITION
Uy
‘ TARGETING translation

RECYCI_ING continues and
translocation
g — begins
1' ) RELEASE 1'

CYTOSOL
'ﬂ ER LUMEN
SRP receptor in rough protein translocator

ER membrane

Figure 12-37 Molecular Biology of the Cell 6e (© Garland Science 2015)




Transport proteinti do ER

existence dvou
riznych populaci
ribozému:
cytosolovych a
membranovych;

translokace
protein do
mitochondrii a
peroxizém
probiha post-
translacné;
translokace do ER
ko-translacné;

nékteré proteiny
mohou byt do ER
transportovany az
po skonCeni
translace;

mRNA encoding a cytosolic protein
remains free in cytosol

in cytosol
5!
‘/_‘
’

. -
' ' .~‘ common pool of ribosomal

~ ' ‘ ‘ subunits in cytoso

SRP CYCLE K MEMBRANE-BOUND RIBOSOME CYCLE
3! polyribosome bound to ER membrane by
f multiple nascent polypeptide chains
5 T 1
ER

signal
sequence

free polyribosome

FREE RIBOSOME CYCLE

ER LUMEN

mRNA encoding a protein
targeted to ER remains
membrane-bound

ER membrane
Figure 12-38a Molecular Biology of the Cell 6e (© Garland Science 2015)




Transport proteinti do ER

» nékteré proteiny mohou byt do ER transportovany az po skoncCeni translace — na
vnitfni strané membrany ER puasobi specificky hsp70 protein — BiP (binding
protein) — ten s vyuzitim Stépeni ATP stfidavé vaze a uvolfiuje protein — podobné
jako mitochondrialni hsp70;

CO-TRANSLATIONAL

TRANSLOCATION POST-TRANSLATIONAL TRANSLOCATION
| | I 1
SRP bacterial inner
Sec62,63,71,72 (plasma) membrane
complex
mRNA
SRP SecA—T ADP + (P,
CYTOSOL receptor CYTOSOL ATPase '\ cyTosoL
ER LUMEN \ ER LUMEN SecY EXTRACELLULAR
SPACE
Sec61 complex e _BiP complex
ER signal
sequence ><
BACTERIA AP + P.
ARCHAEA
EUKARYOTES EUKARYOTES BACTERIA
(A) (B) (€

Figure 12-41 Molecular Biology of the Cell 6e (© Garland Science 2015)



Transport membranovych proteinu do ER

» interakce signalniho peptidu s komplexem Sec61 udrzuje por otevieny; u solubilnich
proteint dojede po jeho odstépeni k uzavieni péru a uvolnéni proteinu do lumen;

» u membranovych proteinl — hydrofobni stop-transfer
signal - inkorporuje protein do membrany;

Il start-transfer
sequence COOH

stop-transfer

: ' i sequence
CYTOSOL
Figure 12-13 Molecalar Biology of the Ceil e (C Garland icisce 2015}
L |
ER LUMEN
;* —e
CLOSED OPEN

o Q

S

=
\ A
signal

peptidase

seam — plug /. displaced mature single-pass
\ signal plug transmembrane protein
peptide in ER membrane
lipid bilayer growing polypeptide . . .
ki Figure 12-42 Molecular Bialogy of the Cell6e (© Garland Science 2015)
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Transport membrénov{lch proteini do ER

4

stop-transfer
sequence

e i By o CYTOSOL

= ERLUMEN
7 :
hydrophobic  hydrophobic
stop-transfer- start-transfer-
peptide- peptide-
binding site  binding site
L |
translocator protein
mature double-pass
transmembrane protein
in ERmembrane
single- be e 1244 015)
ot W TR e o
Figure 1243 ms)

A et
e e




Transport tail-anchored proteinii do ER

» nékteré proteiny jsou pfipojeny do membrany ER jen koncovou kotvou — tail anchor
(napf. Fada proteinu fidicich vezikularni transport);

» tato sekvence je pfilis kratka na to aby ji mohla rozeznat SRP (zUstava uvnitf
ribozomu v okamziku ukonéeni translace) — tzv. ,pre-targeting complex“ zachyti
hydrofobni C-konec a s vyuzitim specifické ATP-azy jej za¢leni do membrany ER;
transport podobnych proteini do mitochondrii a peroxizému neni jasny;

pre-targeting
complex

l RECOGNITION
” ”
Get3 ATPase TARGETING
RECYCLING ‘ ' ADP +(P) N
RELEASE E
CYTOSOL
—
ER LUMEN L | C
Get1-Get2 tail-anchored
protein

Figure 12-46 Molecular Biology of the Cell Ge (0 Garland Science 2015)




Syntéza glykosyfosfatidylinositolové (GPIl) kotvy

» fada proteinu plazmatické membrany je k ni pfipojena prostfednictvim GPI kotvy;
» Jeji syntéza probiha v ER;
» tyto proteiny jsou uvolfiovany z membrany specifickymi fosfolipazami;

PRTR cleaved C-terminal
CYTOSOL COOH glycosylphosphatidylinositol COOH peptide

ER LUMEN ~— o 0 "
.~. . !% 2
I ethanolamine

inositol
NH,

protein bound
to membrane
by GPI anchor

~
NH;
Figure 12-52 Molecular Biology of the Cell 6e (© Garland Science 2015)




GPI neni jedina forma post-translacni modifikace
umoznujici pripojeni k membrané

oligosaccharide

inositol GPI anchor

» dalSi proteiny plazmatické membrany k ni mohou byt
pfipojeny na vnitini strané prostfednictvim specifickych
lipidnich modifikaci;

» tyto reakce jsou katalyzovany cytosolovymi enzymy - napf.
cca 0.5-0.8% vSech proteint maji pfipojen N-myristoyl —
katalyzovano enzymem N-myristoyltransferazou;

» typicky tato uprava probiha uz na ribozomech, co-
translacné;

outer leaflet

inner leaflet

membrane
association
Glycosylphosphatidylinositol C-terminus Strong No
(GPI) anchor

N-myristoylation N-terminus Weak No
S-acylation Internal cysteine Weak Yes
Prenylation C-terminus Weak No

Table 5.1 Cell Signaling (© Garland Science 2015)

H,C—-O

internal
cysteine

Modification Site of attachment Strength of Reversible? j

N-myristoylation S-acetylation prenylation

Figure 5.9 Cell Signaling (© Garland Science 2015)




Skladani a glykosylace proteinu v ER

£
vazba oligosacharidli — oligosacharyl ® é
transferaza (enzym asociovany s
translokatorem proteint) — asi 50% proteinu
(sméfuji do GA, lysozémU, plazm. membrany
nebo jsou exkretovany) — glykoproteiny; N-
linked (asparagine-linked);
kompletni oligosacharid je na vnitfni strané
ER membrany ukotveny lipidni molekulou —
dolichol — pomérné slozity proces;
jednotlivé sacharidy jsou poté postupné
Stépeny v ER a GA;
O-glykosylace; vazba jednotlivych N-
acetylglukosamin;

..1..]
e
L]
L
LJ
Figure 12470 Molecular Biology of the Cel e (© Garland Science 2015)

“FLIPPING" IN
MEMBRANE

glucose

(Man)s(GlcNAc)- P - P -

r-—Man =B
b —
(Man)g(GlcNACc)~(P (P -

r,—Gh:—l*‘-

3X
\. - P_

(Glc)z(Man)q(GlcNACc)z~ (P ~ (P~

proteiny translokované do ER jsou dvojiho - NH, L ek
typu — rezidentni (vlastni proteiny ER) a
proteiny transportované do dalSich
organel;
» rezidentni — ,ER retention signal“ — 4 AA na C- H o
konci; ¢-n-c-c—o-[7]—4
» patfi mezi né BiP — rezidentni chaperon aspmgﬁ: {E":’o S eeper el
hsp70, PDI (protein disulfide isomerase) — sidechol | L EN cvTosoL
katalyzuje tvorbu —S-S- mastkd mezi dvéma : 1. )
-acetylglucosamine l—
Cys; . — cop
» proteiny jsou v ER také glykosylovany — U0 | mannose -8

| —— 2 UDP —GIcNAc
—— [UDP + UMP

—P - P - (GlcNAc);

|, — 5/GDP -Man
— 5/GDP

(dalichal) — P (P - (GlcNAc);(Man)s

]

dolichol —
dolichol

mannose donor made from
dolichol phosphate
and GDP-mannose

dolichel —— glucose donor made from
oo dolichol phosphate
dolichol and UDP-glucose

Figure 12-48 Molecular Biology of the Cell 6e (© Garland Science 2015)



Skladani a glykosylace proteinu v ER

slozenych proteinu;

INCOMPLETELY

UNFOLDED FOLDED

NORMALLY FOLDED

precursor
EXIT
—» FROM

oligosaccharide /
UDP- H?\ Efl
@ glucose / b m
UDP
glucosyl
GLUCOSE
TRIMMING 4

)

N-linked

_/ rh_ oligosaccharide

*
fh glucosidase

calnexin

ER LUMEN

ER membrane CrIosaL

Figure 12-49 Molecular Bokogy of the (ell 6¢ (© Garland Science 2015)

vedle dalSich funkci souvisi glykosylace i se skladanim proteind v ER; jsou zde pfitomné
specifické chaperony rozpoznavajici oligosacharidy — napf. kalnexin, kalretikulin; vazou
jesté neslozené proteiny a brani jejich agregaci — podporuiji jejich vazbu na specifické
chaperony rozpoznavajici volné —SH skupiny;

kalnexin se vaze na N-linked oligosacharidy s 1 koncovou glukézou — po jejim odstépeni
protein uvolni a ten muze opustit ER; neuplné sloZené proteiny jsou oznaceny glukézou —
reakce katalyzovana glukosyl transferazou;

fada proteint (nékdy az 80% molekul pfislusného proteinu) neni slozena spravné nebo
nevytvari prislusny oligomer — tyto proteiny jsou retrotranslokovany do cytoplazmy a
degradovany proteazémem; slozity proces — nutné rozeznat meziformy od nespravné

N-glycanase polyubiquitin chain

AAA-ATPase . Zyme — e
\ } — ~7 g @
ubiquitin A
? <m proteasome
ADP + (P,
E3 ubiquitin ligase . CYTOSOL
. ER LUMEN
. protein
lectin — translocator
,/ complex
misfolded
PRoE — disulfide

|
S .
isomerase

chaperone
Figure 12-50 Madecular Biclogy of the Cell 6e (© Garland Science 2015)




Unfolded protein response

—

unky maji moznost citlivé reagovat na nadbytek nespravné slozenych proteinu;

» nadmérné mnozstvi nespravné slozenych proteina vyvola ,unfolded protein response*
(UPR) — stimulace transkripce genua kédujicich chaperony ER, proteiny umoznujici
retrotranslokaci proteinu a jejich degradaci a obecné proteind, které umozni zvySit kapacitu
procesu skladani proteint v ER;

» aktivace UPR také zpomali translaci (inhibice iniciaénich faktor();

I_ three sensors for misfolded proteins —I

IRE1 PERK ER membrane  ATF6

ER LUMEN

CYTOSOL 4,

kinase domain ™"

LA

ribonuclease PHOSPHORYLATION INACTIVATES
domain TRANSLATION INITIATION FACTOR .
X
REDUCTION OF B
PROTEINS
ENTERING THE ER

REGULATED mRNA REGULATED PROTEOLYSIS

SPLICING INITIATES SELECTIVE IN GOLGI APPARATUS

TRANSLATION OF TRANSLATION OF RELEASES

i o .-
TRANSCRIPTION TRANSCRIPTION TRANSCRIPTION

REGULATORY PROTEIN 1 REGULATORY PROTEIN 2 REGULATORY PROTEIN 3
L * J
ACTIVATION OF GENES TO INCREASE

PROTEIN-FOLDING CAPACITY OF ER
Figure 12-51a Malecular Biology of the Cell e () Garland Science 2015)




Transport proteint v ramci vezikularniho transportu

» transport proteinti mezi ER a dalSimi organelami je soucasti sekre¢nich a
endocytickych drah v burnce, které slouzi k transportu proteint, cukrd a lipidu na
plazmatickou membranu a exkreci €i zachyceni membranovych komponent a
zachyceni vyznamnych slozek vyzivy — cholesterol, zelezo, vitaminy a dalsi;

| ENDOPLASKUC REFICULUM — cyTosoL EXTRACELLULAR
~
CYTOSOL 1 o SEACE
GOLGI | \ late endocytic ‘ plasma
endosome  Vvesicle —(7) membrane

I I nuclear envelope O O
SECRETORY }
LATE ENDOSOME VESICLES endoplasmic reticulum
early
‘\ ¥ ‘\{ o / / endosome

LYSOSOME
recycling
endosome
C:-':)
EARLY ENDOSOME e \\_ & —r
l— o i Q
4
RECYCLING @)
ENDOSOME ET—
membrane .
P A ‘

| / cisternae
| secretory

EXTRACELLULAR SPACE Golgi apparatus vesicle

(A) (B)
Figure 13-3 Molecular Biology of the Cell 6e (© Garland Science 2015)




Transport proteint v ramci vezikularniho transportu

transport vezikull zavisi na jejich tvorbé a slozeni:

- vezikuly — ,clathrin-coated” vezikuly — pfenaseji material z plazmatické membrany a
mezi endozémy a GA;

,COP (coat protein complex) I-coated” vezikuly — vznikaji z GA a ,,COPIl-coated” z

ER;
late endosome

early
KEY: ( g:}‘) endosome =
R Y — - CELLULAR
D clathrin ‘_\ o
Q +«—
3 COPI e S —
S
:3 COPII @
g CYTOSOL
\* —
trans Golgi plasma
Golgi cisternae network secretory membrane

L | vesicle
ER Golgi apparatus

Figure 13-5 Molecular Biology of the Cell 6e (© Garland Science 2015)




Transport proteint v ramci vezikularniho transportu

» vznik vezikulu je vicestupriovy proces:

s‘\s
~ r c'

coated vesicle
membrane

clathrin triskelion
d Y ‘
onor cargo adaptor protein :
membrane receptor —

adaptnr naked transport
protein vesicle
CYTOSOL

[ ) ' membrane-bending and
cargo molecules fission proteins
COAT ASSEMBLY BUD VESICLE
AND CARGO SELECTION FORMATION FORMATION UNCOATING

Figure 13-8 Molecular Biology of the Cell 6e (© Garland Science 2015)




COPIll-coated vezikuly

zasadni pro transport proteint z ER do GA a dale; vznikaji ve specializovanych
oblastech ER — ,ER exit sites”;

do téchto vezikull jsou proteiny zafazovany prostfednictvim interakci se specifickymi
receptory — membranové proteiny se vazou pfimo (prostfednictvim exit signalu) na
adaptérové proteiny, které jsou soucasti COPII, solubilni proteiny se vazou na
tarnsmembranoveé kargo receptory;

struktura téchto receptorl neni pfilis dobfe znama;

forming transport vesicle

transport z ER je umozZnén pouze : :

spravné slozenym a asociovanym Sar1-GTP
proteinlim — uloha chaperonu (BiP, outer COPII ' adaptor p

o) coat proteins proteins o
kalnexm), _ inner COPII

. . , coat
velice striktni kontrola;

. exit signal on
cargo receptor
CYTOSOL

ER protein

w O3

ER LUMEN

exit signal on
soluble cargo
r‘f{* protein

chaperone proteins bound to
unfolded or misfolded proteins

Figure 13-22 Molecular Biology of the Cell Ge (© Garland Stience 2015)




Transport z ER — vesicular tubular clusters

» po uvolnéni z ER jednotlivé vezikuly ztraceji coating — flizuji (prostfednictvim
SNARE proteinll) a vytvareji klastry vezikula a valcu; pfipojeny na mikrotubuly —
transport do GA;

» zaroven vytvareji COPIl-coated vezikuly — zpétny transport rezidentnich ER

proteinl, kargo receptort, SNARE proteint apod. — zpétny transport pokracuje i z GA,

po ,dorucCeni zasilky*;

vesicular tubular cluster

microtubule

COPll coat Motor

protein
-0
S .
ER +o cis Golgi |
network ?
_'O—J %
vesicular &
¥ tubular COPI
O cluster O coat

s
— —Z 4/
O retrieval transport O

Figure 13-24b Molecular Biology of the Cell 6e {© Garland Science 2015)

ER I
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Transport z ER — vesicular tubular clusters

vesicular
tubular
cluster

secretory
protein

FORWARD
PATHWAY
KDEL receptor
protein b

RETRIEVAL P,
PATHWAY @- i
-

ER cis  cis, medial, and trans
Golgi trans Golgi Golgi
network cisternae network

soluble
ER resident
protein

Figure 13-25b Molecular Biology of the Cell 6e (© Garland Science 2015)




Golgiho aparat — modifikace oligosacharidy a dalsi
transport

» v GA probiha série uprav proteini — odbouravani a pfipojovani specifickych
oligosacharidu;

» sorting — tfidéni- proteint do dalSich organel;

cis Golgi
network

cis
C_\ « removal of Man ﬂ _| cisterna
Golgi — | medial | Golgi
apparatus C: « removal of Man . addition of GIcNAc D_ Selarra | shrck
. addition of Gal . addition of NANA D_ trans
cisterna

« sulfation of tyrosines and carbohydrates - =

trans Golgi
network

lysosome plasma secre.tory
membrane vesicle

Figure 13-29 Molecular Biology of the Cell 6e (© Garland Science 2015)




Golgiho aparat — modifikace oligosacharidy a dalsi
transport

zZ

»" v GA probiha série uprav proteini — odbouravani a pfipojovani specifickych
oligosacharidu — 2 hlavni typy modifikaci;

» puvodni N-linked oligosacharid byl zkracen v ER — v GA pfidany nové sacharidy
(komplexni oligosacharidy) nebo ne (oligosacharid s vysokym obsahem mandzy);

: »

/ i)
Ashn — —
[
X —a&— -
I
Ser or Thr ;)
I
: CORE =

(A) €O  REGION

(B) COMPLEX OLIGOSACCHARIDE

KEY

= N-acetylglucosamine (GlcNAc)
. = mannose (Man)
= galactose (Gal) .

= N-acetylneuraminic acid
(sialic acid, or NANA) (C) HIGH-MANNOSE OLIGOSACCHARIDE

Figure 13-30 Molecular Biology of the Cell 6e (© Garland Science 2015)




Golgiho aparat — modifikace oligosacharidy a dalsi
transport

(Ietéchto modifikaci i dal$i — k OH skupinam Ser a Thr (nebo hydroxylovanym Pro
a Lys reziduim) — O-linked glykosylace;
N-LINKED GLYCOSYLATION O-LINKED GLYCOSYLATION

protein backbone protein backbone

NH
HOH,C
H (o]
H g .
OH H N-acetylglucosamine
(0] H
| H  NHcocH, remainderof H  NHCOCH,
1 oligosaccharide
/ ] side chain
remainder of 7
oligosaccharide side chain o
Figure 13-32 Molecular Biology of the Cell 6e (© Garland Science 2015)
repeating
| disaccharide
c| =0
. serine H— C — CH,— O— xylose — galactose — galactose — 9'“‘“3"* -
» tvorba proteoglykan(; Wb * .
I L Il |
link tetrasaccharide GAG

. core protein

~
N
N
N

Figure 19-35 Molecular Biology of the Cell e (< Garland Science 2015)




Transport GA — 2 teorie

» zrani cisteren vs. vezikularni transport; oba mechanismy se pravdépodobné

doplnuji;
vesicular lﬂl
tubular cis trans
Iil I cluster l ICGN" | “\edl?ll_]_hﬂl
O
- O’ } . . !
= @ Ct)'/ { N o« =
o .

matrix proteins
(A) CISTERNAL MATURATION MODEL (B) VESICLE TRANSPORT MODEL

Figure 13-35 Molecular Biology of the Cell 6e (© Garland Science 2015)




Tridéni proteinti v GA

protein mixture

» 3 zakladni drahy — do lysozém, konstitutivni sekre¢ni draha a
regulovana sekre€ni draha;

sorting

Golgi cis medial i'
L | network

ER L

! 1 SIGNAL-MEDIATED DIVERSION
TO LYSOSOMES (VIA ENDOSOMES)

mannose 6-phosphate
receptor

'/ /
/ '3 CONSTITUTIVE
\\ \ / SECRETORY

\ PATHWAY

plasma membrane

EXTRACELLULAR

CYTOSOL | SPACE

€)SIGNAL-MEDIATED
DIVERSION TO SECRETORY
VESICLES (FOR REGULATED
| SECRETION)

Golgi apparatus

Figure 13-63 Molecular Biology of the Cell 6e (© Garland Science 2015)




Transport do lysozému

proteiny opoustéji trans-Golgi sit' a putuji dale do endozému -

lysozému;
oznaceny M6P;

nékteré lysozomalni hydrolazy mohou uniknout do
extracelularniho prostoru — mohou byt zachyceny M6P receptory

na povrchu burnky;

lysosomal hydrolase

mannose 6-phosphate
(M6P)

®_°_CH2

o

HO

N-linked
oligosaccharide

lysosomal
hydrolase

e 1184 Mo By o o Gl o [ S 18111

precursor M6P receptor
mannose TRANSPORT TO 3l Aoe + @)
from ER ENDOSOME
BINDING TO
\ UNCOVERING OF NHERCRTON g H*
M6P SIGNAL —
ADDITIONOF \| o -
P-GIcNAC N® &
transport retromer ~ REMOVAL OF
clathrin coat  vesicle coat DISSOCIATION " - PHOSPHATE
AT ACIDIC pH '
lysosomal
\ -— hydrolase
precursor
M6P receptor in _
RECEPTOR RETRIEVAL budding vesicle
cis trans
Golgi Golgi
Fetwork network
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Konstitutivni sekrecni draha (default pathway)

» vS8echny proteiny z GA (s vyjimkou proteinu vracenych do ER, transportovanych do
lysozémd, rezidentnich proteiny GA, nebo proteint ur€enych pro regulovanou sekreci)
jsou transportovany touto drahou na plazmatickou membranu;

newly synthesized CYTOSOL

soluble proteins
nrep I newly synthesized plasma

for constitutive esi
secretion membrane lipids

EXTRACELLULAR SPACE

CONSTITUTIVE
SECRETORY

unregulated PATHWAY

membrane
fusion
plasma membrane
newly synthesized plasma
membrane protein

signal such as

trans @ — hormone or
Golgi e neurotransmitter
network e
intracellular
signaling pathway ®
°
REGULATED
T~ o0 \ - . SECRETORY
o PATHWAY
| regulated ™

; secretory vesicle ;‘;‘l‘:i";:rane
Golgi apparatus stofing secretory

proteins

Figure 13-62 Molecular Biology of the Cell 6e (© Garland Science 2015)




Tvorba sekrecnich vezikulul

» dochazi k selektivni agregaci a zakoncentrovani vylu¢ovanych proteinu, recyklaci
membrany a acidifikaci obsahu;

DOCKING  FUSION

clathrin-coated
retrieval vesicle

Golgi trans Golgi immature mature
cisterna  network secretory vesicle secretory
vesicle
CARGO CONCENTRATION

Figure 13-64a Molecular Biology of the Cell Ge (© Garland Science 2015)
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Regulovana sekrec€ni draha

w Catostatin

Constitutive Inzulin Requlated
sacretion & w-MSH secretion
RP
;‘_m_.‘ -

.
Receptor activity:

ApRF rs5030830

CHGA: ref658567, rebE5assas
POM: 1326832472

b

» sekrecni vezikuly jsou ¢asto ( sorting: A
v , . BDNF: rsG265
uskladnény v blizkosti Insulin: B10{His to Asp)
- P MNGF raE350
membrany — k fuzi s HPY. 1516139
membranou a uvolnéni Processing:

EONF rs1048220, rs1045221
Ineulin: C&5(Arg o His)

NGF: rse3s0

PCEKT. re137852521

FPOMC: re28932472

obsahu dochazi rozpoznanim
specifického signalu — pf.
peptidové neurotransmitery

transportované do zakon&eni CPe mt4aToTa8s.

axonu; neurosekrecni buriky, ‘ | PCSKT: rs6z32 )
apod.; = . \

' o 88 P UR O Post-transcriptional regulation:

ATPEVOAT: reg38671
CHGA: rsTE10
CHGE: rs2821

Transcriptional regulation:

CHGA: 9658534, rs2558835,
rs7 150323

CHGE: re236140, ra236141

SCEGEZ rs1017448

SCGEY rs3784220, rs16954465,
rsBEE44TE

SORTY rs12740574, rsB48776,

\ rsfgsa3s J




Polarizované bunky — proteiny smeruji do specifickych
membranovych domén

» membranové proteiny jsou transportovany do apikalni nebo bazolateralni membrany
rdznymi mechanismy;

transport transport plasma early endosome
vesicle vesicle membrane

tight junction

trans
Golgi
network

nucleus

B R

basolateral
plasma membrane

(A) DIRECT SORTING IN THE (B) INDIRECT SORTING VIA
TRANS GOLGI NETWORK EARLY ENDOSOMES

igure 13-71 Molecular Biology of the Cell 6e (i Garland Scence 2015)
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Studium transportu — specifické inhibitory

» pro studium funkce transportu mazeme vyuzit specifické inhibitory — napf. brefeldin A —
blokuje transport z ER do GA prostfednictvim nepfimé inhibice; vede ke zhrouceni GA
do ER a zablokovani dalsiho transportu; inhibuje Arf1-guanine nucleotide exchange
factor (GEF);

‘-uQH

-

OH

» inhibitory acyl-CoA:cholesterolacyltransferazy — blokuji tvorbu COPII vezikuld, stimuluji
retrotransport z GA do ER;

» monensin — barusuje strukturu GA a inhibuje vezikularni transport;

» vyuziti nejen ve vyzkumu ale i napf. v protinadorové terapii;




Degradace proteint — 2 zakladni drahy —
proteazomy vs. lysozomy

Stépeni proteinl — soucast kontroly kvality, odbouravani nadbyte¢nych proteind,
regulacéni mechanismus — aktivace vs. inaktivace; zivotnost vétSiny proteinti — 1 — 2
dny, ale nékteré jsou degradovany velmi rychle (hodiny), zatimco jiné mohou pfezivat
> pul roku - rok (histony, proteiny jadernych péru);

specializované proteazy vs. kompletni degradace peptidi/proteint a recyklace AA;
uplna degradace proteint se odehrava v proteazémech a lysozémech;

proteazém — velmi abundantni buné¢na proteaza — muze tvofit az 1% celkového
proteinu v burice;

What is the turnover time of proteins through active degradation?

we denote the number of amino acids per cellby N, . L )
s (B) H.sapiens non-dividing HelLa cell line

400 ——— x 451012 2.
cell ™ protein - cell 600

roteins
(e.g. for Hela cell, N,  3x10° P e 3000

= 1% of proteome mass is proteasomes

500
I 0.01xN
‘ number of proteasomes = X Naa = 0.5x10°N_, proteasomes/cell o]
L 20,000 aalproteasome < 400
g
II molecular mass of proteasome =~ 2.4 MDa = 20,000 aa E_
I - 300
W proteasome deg. rate =5 proteins/min = 0.1 protein/s =~ 40 aals o
-1; 2 200
I aa 5 proteasomes 6 aa &
‘ totaldeg.ratex 40 ————— x 0.5x10° N, —————— = 20x10°N_, S
i s X proteasome cell sxcell
‘ number of aa per cell N,, aa 5 100
turnover time = = ~ 0.5x10°s = 1day
total deg rate N_,x20x10®aals
¥ 0
.e. it would take all the proteasomes working at full speed 0 10 20 30 40 50 60 70 '>70

about one day to degrade all of the proteome. protein half-life (hour)




Proteazom

slozenych proteinl po jejich exportu z ER;
» rozpoznava polyubikvitinované proteiny;

ubikvitinace umoznuje velmi pfesnou regulaci
degradace proteind;

sklada se z centralniho valce (aktivni proteazy) a
na jeho konci jsou umistény komplexy proteind
(unfoldase ring — AAA proteiny) umoziuijici
rozbaleni proteinu (spotfeba ATP) dojde k jeho
nasmérovani jako fetézce do dutiny valce, kde je
Stépen na velmi kratké peptidy;

-

% 7= target protein with
e polyubiquitin chain
v

unfoldase s 1 - Y)
fing L _ N
central active sites I
cylinder E{— ER _L - 3 )
(protease) . '

cap '

Figure 6-84 Molecular Biology of the Cell 6e (© Garland Science 2015)

» v jadfe i cytoplazmé; je také soucasti systému, ktery umozniuje degradaci nespravné

(A)
L
\ o §
P ) \ . . ; ) I
IIL- [ > \\II / [
Figure §-51 Maleoular Buokeqy of the Cell 6 |© Garlasd Schence 2015)
(B) ubiquitin target protein with
receptor polyubiquitin chain
- )/ ubiquitin
hydrolase
> /
cap
- unfoldase
ring




Ubikvitinace — regulace degradace proteint

Lys63
ubiquitin

» polyubikvitinace je soucasti typu
modifikaci pfipojujicich jednoduchy
peptid — ubikvitin — ke struktufe protein( Lysas
(i dalsi - SUMO, NEDD);

» charakter ubikvitinace urcuje osud Lm0 it
proteinu; HN bond

lysine side chain
of target protein

MONOUBIQUITYLATION  MULTIUBIQUITYLATION POLYUBIQUITYLATION
i : i Lys48 ; Lys63

histone regulation endocytosis proteasomal DNA repair
degradation

Figure 3-69b Molecular Biology of the Cell 6e (© Garland Science 2015)




Polyubikvitinace — regulace degradace proteint

» ubikvitinace zahrnuje nékolik krokl - vazba ubikvitinu na Cys v E1 proteinu (enzym
aktivujici ubikvitin)— jeho nasledny pfenos na E2 (enzym konjuguijici ubikvitin), ktery
vytvori komplex s ubikvitin ligazou (E3) — v sav€ich burikach existuje nékolik set
riznych typu téchto komplexld — navazani ubikvitinu na strukturu proteinu;

- ol

ubiquitin- binding to

activating ubiquitin- ubiquitin-conjugating

enzyme e ANE conjugating enzyme primed with
r,s\:@ FEmE ubiciuitin
(A) -

£-amino group

on lysine o .
side chain :
NH, | : I

"/Y\
7 | W

4

degradation signal target protein first ubiquitin target protein with
on target protein bound to chain added polyubiquitin
ubiquitin ligase to target protein chain

(B)
Figure 3-70 Molecular Biology of the Cell 6e (© Garland Science 2015)




Proteazom slouzi nejen k degradaci nespravne
slozenych ¢i poskozenych proteint

(A) ACTIVATION OF A UBIQUITIN LIGASE

» specificka regulace rady
proteinu s velmi kratkym
poloCasem Zivota —
regulaéni uloha; \

> priklad — cykliny — APC B =
komplex; ADP
. =

» ubikvitinace je
kontrolovana bud
kontrolou aktivity

kom P lext ubikvitin | igéz phosphorylation allosteric transition allosteric transition
v by protein kinase caused by ligand binding caused by protein
nebo zménou struktury subunit addition
protei nu uréeného k (B) ACTIVATION OF A DEGRADATION SIGNAL
degradaci; c
» cca 80% proteinl nese (& ¢

% proteind nese ©
potencialni degradacni

signal — acetylace N- AT < .0 )
konce — pfedpoklada se, ADP .

Ze u starnoucich Ci

poskozenych proteinu S o =0 >
dojde k odhaleni tohoto B/ “I NG

i A A el hosphorylati king b ti f destabilizi
signalu — nasleduje jeho by protein kinase proteindissociation | Neerminus

deg radace; Figure 6-86 Molecular Biology of the Cell 6e (© Garland Science 2015)




Degradace proteinti v lysozémech

» endocytdza a lysozomy reguluji hladinu povrchovych membranovych proteind;

» proces regulovany ubikvitinaci — monoubikvitinace nebo multiubikvitinace — v
endozomu poté proteiny, které jsou soucasti ESCRT — endosome sorting complex
required for transport — rozpoznaji ubikvitionavané proteiny a zablokuiji jejich recyklaci
na membranu — degradace; maturing lysosomal hydrolases

endosome I d
free lysosomal protease ate endosome

EXTRACELLULAR FLUID signaling

ubiquitin _— or lysosome
intralumenal
vesicle
Vo \xfx receptor
Y (with ligand
transcﬁosﬁ@ - recycling attached) \ >

" transport . S e
::3:,1:::;;:::: grives autin " Q> RUSioN
ubiquitin

tag multivesicular
INVAGINATION body endolysosome

AND PINCHING OFF

t,anspo“ early (SEQUESTRATION)
00 veslc[e endosome
OO Figure 13-55 Molecular Biology of the Cell 6e (© Garland Science 2015)
antibody unstimulated cell insulin-stimulated cell
bound to ’ li :
earl recyc ""9

Fc reo:eptor\@ endos g me transport i:::ll?or glucose o

4 vesn:les P EXTRACELLULAR transporter insulin

{ J SPACE . @
M Fc receptor —
® p—— CYTOSOL -
INTESTINAL LUMEN glucose ”“‘

) glucose
Figure 13-58 Molecular Biclogy of the Cell Ge {© Garland Science 2015) mtracellular
5|gnal

. signal causes relocalization
intracellular pool of glucose of glucose receptors to

transporters in specialized plasma membrane to boost
recycling endosomes glucose uptake into the cell

Figure 13-59 Molecular Biology of the Cell 6e (© Gardand Science 2015)




Degradace proteinti v lysozémech

lysozomy degraduji nejen endogenni membranoveé proteiny pohlcené endocytézou ale i
dalSi vnitfni bunécné struktury v pribéhu autofagie;

buriky vyuzivaji mechanismus autofagie k odstrafiovani proteinu i organel — v prubéhu
rastu, diferenciace i v reakci na stres;

autofagie mize byt nespecificka (neselektivni) — napf. pfi hladovéni, ale mize slouzit i
ke specifické selektivni degradaci urcitych organel nebo pravdépodobné i proteinovych
komplexu;

engulfed cytosol
®) O\ and organelles

OO ®)

@) on —
O [
®) 00
N autophagosome

O
acid P J

INDUCTION hydrolases £

lysosome

NUCLEATION CLOSURE FUSION WITH DIGESTION
AND EXTENSION LYSOSOMES

Figure 13-43a Molecular Biclogy of the Cell 6e (€ Garland Science 2015)




» BUNECNY METABOLISMUS

» zakladni drahy energetického metabolismu bunky a
dynamicka podstata jejich regulaci — glykolyza,
citratovy cyklus a oxidativni fosforylace, pentézovy
cyklus, glukoneogeneze,

» mitochondrialni metabolismus a jeho regulace na
urovni bunky a mitochondrii; struktura a dynamika
mitochondrii;

» syntéza a degradace glykogenu, syntéza a
degradace mastnych kyselin v kontextu zivocCisné
bunky;

» metabolické drahy ve specializovanych bunécnych
typech a v patologii;




