Uvod: Zakladni principy organizace a
funkce zivocisné bunky
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Fyziologie bunéénych systému — od roku 2017

» Inovovany predmet s nové definovanymi navaznostmi
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Sylabus predmetu

» 1) UVOD - zakladni principy organizace a funkce Zivo&idné
bunky (shrnuti kliCovych fakt jak zaklad pro prednaskovy
cyklus); V. Bryja

» 2) BUNECNE SYSTEMY V PRUBEHU EMBRYONALNIHO
VYVOJE | — zakladni principy vyvoje embrya, hlavni
morfogenetické signalni drahy (Wnt, Hedgehog, Notch,
systemy receptorovych tyrozinkinaz, BMP/TGF
signalizace); V. Bryja

» 3) BUNECNE SYSTEMY V PRUBEHU EMBRYONALNIHO
VYVOJE Il - hlavni morfogenetické signalni drahy (Whnt,
Hedgehog, Notch, systémy receptorovych tyrozinkinaz,
BMP/TGF signalizace) — pokraCovani, vyvoj konCetiny jako
modelovy priklad; V. Bryja



Sylabus predmetu

» 4) KMENOVE BUNKY A HIERARCHICKA ORGANIZACE
TKANI — definice kmenovych bunék, nika kmenovych
bunék, hierarchicka organizace tkani — strevni epitel jako
modelovy priklad, homeostaza strevni krypty; V. Bryja

» 5) MODELOVE BUNECNE SYSTEMY | — vyvoj,
architektura a regenerace jater, jatra jako modelovy priklad
tkané regenerujici z diferencovanych bunek; jaterni zonace
a molekularni mechanismy regulace zakladnich jaternich
funkci (produkce zluci, detoxifikace a produkce
vyznamnych latek pro organismus); J. Vondracek

» 6) MODELOVE BUNECNE SYSTEMY |l — krvetvorba,
systém krevnich bunék a krvetvorné organy; principy
diferenciace; K. Soucek



Sylabus predmetu

7) MODELOVE BUNECNE SYSTEMY IIl — kGze, jeji obnova a
regenerace; prostata, prsni epitel jako pfiklady endokrinné
regulovanych tkani; K. Soucek

8) BUNECNY METABOLISMUS A TRANSPORT | - hepatocyt -
modelovy systém pro metabolismus lipidi a mastnych kyselin, tvorbu
a ukladani cukru a jejich metabolismus, metabolismus dusikatych
latek; J. VondracCek

9) MODELOVE BUNECNE SYSTEMY IV — plice a dychaci cesty —
principy vyvoje a organizace; transport plynd bunkami a organy; J.
VondracCek

10) SIGNALIZACE A ZPETNE VAZBY - obecné principy, jejich
aplikace ve fyziologii; A. Kozubik

11) HOMEOSTAZA, ZDRAV|, NEMOC — organismus jako
hierarchicky systém, spolupusobeni nervové a endokrinni soustavy —
priklady ovlivnéni bunécnych populaci, intermediarni metabolismus a
jeho jednotlivé slozky — jejich uloha v regulaci bunécnych populaci;
systémoveé reakce — stres; chovani bunécnych systému ve stresu a
nemoci — pfiklady moznych terapeutickych intervenci; A. Kozubik




Architektura zivoéiSné bunky
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Mnozstvi a variabilita bunéek v tele

> lidské télo—cca 3,7 0.8 10" bunék (plus podobné
mnozstvi bakterii) — zahrnuji cca 200 riznych
bunécénych typu;

cell type vol?x‘:::aaalernﬁ BNID

sperm cell 30 109891, 109892
red blood cell 100 107600
lymphocyte 130 111439
neutrophil 300 108241

beta cell 1,000 109227
enterocyte 1,400 111216
fibroblast 2,000 108244

Hela, cervix 3,000 103725, 105879
hair cell (ear) 4,000 108242
osteoblast 4,000 108088
alveolar macrophage 5,000 103566
cardiomyocyte 15,000 108243

| megakaryocyte 30,000 110129

fat cell 600,000 107668

[T oocyte 4,000,000 101664
)

G

i

(A) prvok Giardia lamblia, (B) rostlinna bunka, (C) pucici kvasinka, (D) Cervena
krvinka, (E) fibroblast, (F) nervova bunka (G), tyCinka (sitnice)
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iSt'uje zakladni bunéc¢né funkce

Membrana: za

» Separace
» Semipermeabilni bariéra, izolace
» Vymeéna
» Transport a translokace
metabolitu a makromolekul
dovnitr a ven, zajisténi distribuce
uvnitf bunky
» Integrace
» Zajisténi mezibunécné
komunikace, adheze, signalizace
prostfednictvim receptoru,

regulace funkCni a prostorove
integrity

» Metabolismus

» Soucast metabolickych drah,
obsahuji enzymy pro syntézu,
prestavbu a degradaci

Figure 11-2 Essential el Bilogy, 4thed. (2 Garland Scence 2014)
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Membrany

nucleus peroxisome

endoplasmic

» Vsechny biologické membrany maji eialum
shodnou obecnou strukturu

» Tenka vrstva tvofena molekulami lipidu
(lipidova dvouvrstva) a proteinu

lysosome

spojenych nekovalentnimi vazbami St
(model fluidni mozaiky) . echindon o

- N ‘E _:._,1-. l. ‘i
O lipid
e \ l bilayer
(5nm)
\ \lgg

(A)

lipid molecule protein molecule

(B)

Figure 10-1 Molecular Biology of the Cell 6e (© Garland Science 2015)



Asymetrie lipidovée membrany

» Funkéné dulezita v prenosu signalu
» Fada cytosolickych proteint specificky noncyosolictace  extracellutar fuia

rozpoznava urcite struktury v lipidove
membrane ]

» Glykolipidy na vnéjsi strané membrany i

cytosolic face

» QOrientace zustava zachovana béhem /
transferu mezi buné&&nymi esde
kompartementami R
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Figure 10-15 Molecular Biology of the Cell 6e (© Garland Science 2015) Figure 11-17 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Membranové proteiny — riizné funkce

TRANSPORTERS AND ANCHORS RECEPTORS ENZYMES
CHANNELS

EXTRACELLULAR
SPACE

CYTOSOL

Figure 11-19 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Vnitrobunecny membranovy transport

» plazmaticka i vnitfni buné€né membrany jsou v procesu neustalé zmény
kompozice v souvislosti s nutnosti bunky komunikovat s vnéjSim
prostfedim a dostateéné rychle reagovat na rizné podnéty

»  komplexni systém membran slouzi pridavani a odebirani membranovych
proteinu (receptort, iontovych kanall, transportért)

» exocytoza zajiStuje transport nové syntetizovanych latek ven z buriky
nebo na plazmatickou membranu

» endocytdza umoznuje odejmuti membranovych komponent a jejich
internalizaci do endosomu
» recyklace nebo degradace v lysozomu

plasma membrane
. /‘L)\
CYTOSOLO

(A) exocytosis

-
CYTOSOL

(B) endocytosis

Figure 13-1 Molecular Biology of the Cell 6¢ (© Garland Science 2015)



Endocytéza — clathrinovy systém

coated vesicle s
membrane ”
w»

clathrin triskelion

donor cargo adaptor protein
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. protein vesicle
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Figure 13-8 Molecular Biology of the Cell 6e (© Garland Science 2015)




Sekrece a endocytoza

» Sekrece: ER - GA — plasmaticka membrana

» Endocytdéza: plasmaticka membrana — ...
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Figure 13-3 Molecular Biology of the Cell 6e (© Garland Science 2015)



Bunécné jadro: misto lokalizace DNA a transkripce

» pozice genu v jadire se méni v zavislosti na
intenzité exprese; Casto dochazi po
dekondenzaci chromatinu k vytvofeni smycky,
ktera se nachazi mimo teritorium daného
chromozému — pravdépodobné to souvisi s
nutnosti asociace s proteiny zapojenymi do
transkripce — DNA se pfemistuje do oblasti
bohatych na tyto proteiny;

tyto oblasti (podobné jako jadérka, Cajalovych
télisek, interchromatinovych granuli apod.)
vytvareji struktury umoznuijici pristup
proteinim a RNA - vytvareji specifické
biochemické prostredi nezbytné pro reakce
spojené s transkripci a post-transkripcnimi
upravami mRNA;

pozice vSech chromozomu v jadfe
lidského fibroblastu




jaderny obal (nuclear envelope) sestava z:

=w s

v s

lokalizovano velké mnozstvi ribozému —
probiha zde intenzivni proteosyntéza
proteinu uvolfiovanych do perinukl.
prostoru,

jadro je propojeno s cytosolem
prostfednictvim jadernych poru;

mezi jadrem a cytosolem probiha velmi
intenzivni transport;

jaderné proteiny (histony, DNA
polymerazy, RNA polymerazy, transkripcni
regulatory, proteiny zapojené do
procesovani RNA) jsou importovany do
jadra z cytosolu;

naopak témeér vSechny formy RNA —
mediatorova, ribozomalni, transferova,
mikro a malé jaderné RNA jsou
exportovany do cytosolu;

Principy transportu mezi jadrem a cytosolem
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Translace ,,narozeni
proteinu“probiha na ribozomu

krok 1 — vazba tRNA;

krok 2 — tvorba peptidove vazby —
uvolnéni karboxyloveho konce peptidu
z tRNA a jeho spojeni s N-koncem
nové AA — reakce katalyzovana peptidyl
transferazou velké podjednotky;

krok 3 — translokace velké podjednotky
— posun E a P mista;

krok 4 — translokace malé podjednotky
spojena s uvolnénim tRNA;

rychlost — cca 2 AA/s;

ucinnost a presnost je zavisla na
elongacnich faktorech — EF1 a EF2;

growing polypeptide chain
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2 charged tRNA
HzN' ? T/ 9

3 4
[ A
T
Esite Psite Asite
STEP 2
2 4
~
HzN" 4
|
E Gt
o
5 3’
STEP 3
2 —
~
HzN‘/ 4| »
3 4 "
TTi
5 et e e e 3
STEP 4
2 —@s
~
1
3
/ ay A
ejected tRNA o
5’ 3
STEP 1 newly
2 — 3 bound

H1N4./ & charged
1 / tRNA
E 2
I
5 3

Figure 6-64 Molecular Biology of the Cell 6e (© Garland Science 2015)



Ubikvitinace a cilena degradace ,,smrt
proteinu® probiha v proteazému

» v jadre i cytoplazmé; je také soucasti systému, ktery umoznuje degradaci nespravné
slozenych proteind po jejich exportu z ER;

» rozpoznava polyubikvitinované proteiny; (A) (B)
Y poly Y y - “}I
‘ - N
G g vy o .y . e s \
ubikvitinace umoznuje velmi pfesnou regulaci ] \( A
degradace proteind; J .\2 3
sklada se z centralniho valce (aktivni proteazy) a 4 & ‘%
. . r_gw + o \ . : 0 f L
na jeho konci jsou umistény komplexy proteinu _ 3 SR
(unfoldase ring — AAA proteiny) umoziujici ‘-_ A S Al
. v . . > -l
rozbaleni proteinu (spotfeba ATP) dojde k jeho 1- _ / S A
nasmeérovani jako fetézce do dutiny valce, kde je \ X )3
Stépen na velmi kratké peptidy; -
§ target protein with (B) ubiquitin target protein with
- polyubiquitin chain receptor polyubiquitin chain
v o ST
o )/ ubiquitin

hydrolase

2 ey N
\ t =9
ring L _ M \
| active sites cap

unfoldase |:

unfoldase
ring

(protease) " :. —

cap

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



Cytoskelet

Figure 16-1a Molecular Biology of the Cell 6e (© Garland Science 2015)



Aktinova filamenta = mikrofilamenta

» zvana také mikrofilamenta

» spiralovitd vldkna/polymery tvorené proteinem aktinem

» tvori flexibilni struktury o priméru 8 nm, které mohou byt
organizovany do linearnich svazku, dvou- i trojrozmeérnych
siti

» jsou rozprostrena po celé bunce, ale koncentrovana jsou
predevsim primo pod cytoplasmatickou membranou



Mikrotubuly

» dlouhé duté valce tvorené proteinem tubulinem (vnéjsi
primér 25 nm)

» tuzsi oproti aktinovym filamentim

» dlouha rovna vlakna, ¢asto jednim koncem uchycenav
mikrotubuly-organizujicim centru (MTOC) zvaném
centrozom




Intermediarni filamenta

» vldkna strukturou pfipominajicilano s prdmérem 10 nm

% tvorena heterogenni rodinou proteint

» jeden typ intermediarnich filament (IF) tvori jadernou
laminu pod jadernou membranou

» dalsi typy IF jsou rozprostreny napric¢ cytoplasmou a zajistuji
mechanickou odolnost bunky

» v epitelidlnich tkanich IF zajistuji spojeni bunék mezi sebou



Proteiny asociované s aktinem

tropomodulin ~
prevents assembly and ® -
disassembly at minus end SN ’:
g o *
actin filament N %
_ . / \ _____
R —— e N N SR
cofilin tropomyosin
binds ADP-actin filaments, -—-.—"' stabilizes filament
accelerates disassembly ) _ %
'\’f. > _
gelsolin capping protein
severs filaments and prevents assembly and
binds to plus end r disassembly at plus end

filament bundling, cross-linking, and attachment to membranes

u-actinln ERM



Proteiny asociované s mikrotubuly

® |
+TIPs
remain associated with growing plus

ends and can link them to other
a structures, such as membranes

“3353 33553333555 )
) ‘ / microtubule \ .- N

XMAP215
kinesin-13 stabilizes plus ends
induces catastrophe + and accelerates assembly
and disassembly AN‘ ey
katanin MAPs
severs microtubules stabilize microtubules by
! binding along sides

filament bundling and cross-linking

= Iz T

plectin
links to intermediate filaments




Mitochondrie - Ustredni organela energetického metabolismu

» NADH pfedava elektrony s vysokou energii komplexim dychaciho fetézce — finalni
krok je vznik H,O; tato energie je vyuZita k transportu H* protonovymi pumpami -
vznikly protonovy gradient pohani ATP syntazu;

» mitochondrie — velikost, tvar i mnozstvi se liSi ~ typ bunky, intenzita metabolismu,
apod.; typicky cca 20 % objemu cytoplasmy;

» jsou to vysoce dynamické organely — neustale méni tvar, déli se fuzuji, apod.; liSi se

pohyblivosti;
MITOCHONDRION
H+gradient i-HJ'“ ’F IH,
J : = W
B o
aonEEN Xrye
pump Sa sr H*| ’H* E
s pump
- . \ /
pump
fatsand citric / \
carbohydrate —  acid o,
—_— s | WA
synthase W
Coz H,0

products (%) + ADP ATP

Figure 14-3 Molecular Biology of the Cell 6e (© Garland Science 2015)

Figure 14-4a Molecular Biology of the Cell 6e (© Garland Science 2015)



Dynamika bunky

» bunécné deleni

» bunécna smrt

» diferenciace (zména osudu)
» morfogeneze (zména tvaru)
» pohyb




Bunécny cyklus - pripomenuti

TRIGGER ANAPHASE AND

PROCEED TO CYTOKINESIS

/

Figure 17-9 Molecular Biology of the Cell 6e (© Garland Science 2015)




Bunécny cyklus - kontrola

favorable
extracellular
environment

Y

\

Gi;-Cdk  G¢/S-Cdk — S-Cdk — M-Cdk —>

G,/S-cyclin synthes's/| /
S-cyclin syntheS|s DNA re-replication

e -

Figure 17-16 Molecular Biology of the Cell 6e (© Garland Science 2015)

chromosome
DNA unreplicated DNA unattached to
damage DNA damage spindle

/N N

Vertebrates Budding yeast
Cyclin-Cdk Cyclin Cdk partner Cyclin Cdk partner
complex
G, -Cdk Cyclin D* Cdk4, Cdké Cin3 Cdk1**
G,/s-Cdk Cyclin E Cdk2 CIn1, 2 Cdk1
S-Cdk Cyclin A Cdk2, Cdk1** Clb5, 6 Cdk1
M-Cdk CyclinB Cdki1 Clb1,2,3,4 @ Cdk1
*There are three D cyclins in mammals (cyclins D1, D2, and D3).
** The original name of Cdk1 was Cdc2 in both vertebrates and fission yeast, and Cdc28 in
budding yeast.

Table 17-1 Molecular Biology of the Cell 6e (© Garland Science 2015)



Mechanika bunécného déleni

Aktin — Cervené
Tubulin — zelené
DNA - hnédé

Figure 16-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Centrosom

(A)

distal

pericentriolar
material

microtubule
triplet

Figure 16-48 Molecular Biology of the Cell 6e (© Garland Science 2015)



Centrosom a jeho dynamika

CyclinD
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CDK6

CyclinB
\ | CDK1

{ ~ ’P PIk1
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Cilium (rasinka) — pohybliva nebo primarni cilium

inner sheath

radial spoke

central singlet

microtubule nexin

inner
dynein arm

outer
dynein arm

A microtubule
. B microtubule

outer doublet
microtubule

plasma
membrane

100 nm

(C) microtubule inner proteins (MIPs)

. . —
Amicratubyle: Bmicrotubule: 13 Figure 16-63 Molecular Biology of the Cell 6¢ (© Garland Science 2015)



Bunéecna smrt

» Vyvoj, rast, regenerace a udrzovani homeostazy
mnohobunécnych organizmu vyZaduje mechanismy
umoznujici fizenou destrukci nezadoucich bunék

» Apoptdza — fizeny zpusob smrti
» Nekroza — nefizena odpoveéd na akutni poskozeni

» Nekroptdéza — forma rizené bunécné smrti v odpovedi na
specifické stimuly

(A)

W

(B) 'ed phagocytic cell ©

10 pm en|
dead cell

Figure 18-1 Molecular Biology of the Cell 6e [ Garland Science 2015)

1Tmm



Zakladni mechanismus apoptozy

» Aktivace intracelularnich
proteaz — kaspaz
(caspases)

» Vnitfni nebo vnéjSi cestou

» Syntetizovany jako
inaktivni prekurzory

» Iniciaéni
»  Aktivuji exekucni kaspazy
»  Exekudéni

»  §tépi fadu substratl (cytoskelet,

proteiny jaderného obalu, atd.)
» Fragmentace DNA
» Vznik apoptotickych télisek

apoptotic
signal

il

initiator caspase
(caspases 8,9)

g?:cilli?gr adaptor protelns i
domain large
protease clea:ra subunit
domain stes DIMERIZATION
ACTIVATION, ),' et
AND CLEAVAGE small
inactive monomers active  gybunit
caspase
ACTIVATION ! o
.. BY CLEAVAGE AN
active caspase
executioner caspase
(caspases 3,6,7) / * \
CLEAVAGE OF
MULTIPLE
SUBSTRATES

Figure 18-3 Molecular Biology of the Cell 6e (© Garland Science 2015)



Komunikace bunky s prostredim

» Kontakty bunka-bunka  » Pfenos informace:

» Kontakty bunka- Extracelularni signal-bunka
mezibunecne prostredi



Mesenchymova nebo pojivova tkan vs. epitel

» Pojivova tkan, napr. kost, Slacha — mezibunécna hmota
produkovana bunkami
» matrix — mechanicky odolna

» Epitel — bunky jsou tésne spojeny jedna k druhé a
organizovany do vrstev
» Matrix je méneé zretelna — bazalni lamina
» Mezibunécné spoje a ukotveni k bunécnému skeletu a k BL

mechanical stresses
1 are transmitted from
epithelial cFII to cell by cytoskeletal
e filaments anchored to
cell-matrix and cell-cell
basal adhesion sites
lamina
2
=74t extracellular matrix
2 7y directly bears mechanical
connective stresses of tension and
tissue compression
/ NOY LTy =/
collagen ——=my - 07T -
fibers RS

Figure 19-1 Molecular Biology of the Cell 6e (© Garland Science 2015)



Mezibunécné spoje epitelu obratlovcu

» Kotvici spojeni »  Actin-linked cell-matrix junction

»  Adhezni spoj — adherens junction »  Propojeni aktinového cytoskeletu s
mezibunécnou hmotoy

»  Mechanicky uchyt mezi burfikami, propojeny

s cytoskeletem » Tésny spoj — tight junction
» Desmosome » Zaceluje mezery mezi membranami
»  Propojeni prostfednictvim intermidiarnich » Vodivy SpOj —gap junction
filament

. » Prachod ve vodé rozpustnych latek <1500 Da
» Hemidesmosome

»  Propojeni intermediarnich filament s
mezibunécnou hmotou

APICAL
tight junction seals gap between
TIGHT JUNCTION epithelial cells
junctional adherens junction connects actin
complex filament bundle in one cell with
CELL-CELL that in the next cell
ANCHORING JUNCTIONS

desmosome connects intermediate
filaments in one cell to those in
the next cell

CHANNEL-FORMING

= gap junction allows the passage
JUNCTION I i of small water-soluble molecules
from cell to cell
CELL-MATRIX U
ANCHORING JUNCTIONS T s
7 WO o
BASAL

actin-linked cell-matrix junction hemidesmosome anchors intermediate
anchors actin filaments in cell filaments in a cell to extracellular matrix
to extracellular matrix

Figure 19-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Spojeni bunka - matrix

» receptory pro matrix — klicoveé pro propojeni ECM vné
bunky s cytoskeletem uvnitr

» nemaji jen mechanickou funkci — zprostredkovavaji
odpoved bunek na slozky ECM

» rada molekul slouzi jako receptory Ci koreceptory
ECM

Al LR a4



Integriny

» tvofeny dvéma nekovalentné
vazanymi jednotkami- o a 8

» obé maji kratkou C-terminalni
intracelularni doménu a dlouhou
extracelularni N-terminalni doménu

» extracelularni Cast se vaze na
specificky motiv aa extracelularnich
proteinud, nejznamé;jsi - RGD

» u Clovéka — 24 typu integrinu, kazdy
ma specificke vlastnosti
» 8 genu pro 3 podjednotku
» 18 genu pro a podjednotku
» vazba je zavisla na koncentraci Ca?* a

M92+
» vSechny varianty intracelularné vazou
aktinova filamenta

» adaptorovy protein — talin
»  kindlin, vinkulin

extracellular matrix protein

Y

-

o subunit —
of active
integrin B subunit
of active

integrin

CYTOSOL

S gé®° pb
.’
A%

1 o9¥
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Figure 15-1 Molecular Biology of the Cell 6e (© Garland Science 2015)




Zakladni biochemické mechanismy bunécné signalizace

» 1. Fosforylace — kovalentni pridani anorganického
fosfatu (z ATP) na molekulu tyrosinu nebo
serinu/threoninu enzymem, ktery se jmenuje kinaza

» 2. Nekovalentni zaména GDP za GTP



Zakladni mechanismy bunécné signalizace
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Figure 15-7a Molecular Biology of the Cell 6e (© Garland Science 2015)



Zakladni mechanismy bunécné signalizace
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Figure 15-7b Molecular Biology of the Cell 6e (© Garland Science 2015)



Zakladni mechanismy bunécné signalizace
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Figure 15-8 Molecular Biology of the Cell 6e (© Garland Science 2015)




Amplifikace signalu a ,,druhy posel“

signal molecule Pl 4,5-bisphosphate
* activated GPCR activated [PI(4,5)P,] plasma
w phospholipase C-3 diacylglycerol membrane
\

rms @ [ s . $ ‘e\P/
A ]
e . '\&h ":-""‘ # /,"‘\\
:'} P activated
’ P P) protein
inositol b A kinase C
activated G, 1,4,5-trisphosphate . s 25
protein (IP5) P) a
open IP;-gated
Ca’**-release
channel
lumen of
endoplasmic

reticulum \
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Pocty nejdulezitéjSich biomolekul

(C) mammalian cell (specifically, HeLa: V = 3000 ;.lm3; L =20 um; 1= 1 day)

Figure 0-2 An order-of-magnitude census of the major components of the three
model cells we employ often in the lab and in this book. A bacterial cell (E. coli), a
unicellular eukaryote (the budding yeast S. cerevisiae), and a mammalian cell line

(such as an adherent Hela cell).




Pocty bunék v tele
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Figure 6-1 Estimate of the number of cells in an adult human partitioned according
to cell type. Each cell type in the human body is represented as a polygon with an
area proportional to the number of cells. The dominant component is red blood calls.
(Based on data from Sender R et al. [2015] in preparation.)




Velikosti
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molecule |resolution l l l l mammalian cell
- l
b 5 - ceas RRRERE— _.,_.,,:.6 e i e ——— _h
1077 (nm) 107 (um) size (meters)

Figure 1-1 Range of characteristic sizes of the main biological entities relevant to cells. On a logarithmic
scale we depict the range from single molecules, serving as the nuts and bolts of biochemistry, through
molecular machines, to the ensembles that are cells.



Casy — bunéény cyklus

@y

fission yeast (2 h)

budding yeast (1.5 h)

human cell line (20 h) Drosophila embryo (8 min)

Figure 4-45 Cell cycle times for different cell types. Each pie chart shows the
fraction of the cell cycle devoted to each of the primary stages of the cell cycle.
The area of each chart is proportional to the overall cell cycle duration. Cell cycle
durations reflect minimal doubling times under ideal conditions. (Adapted from
Morgan D [2007] The Cell Cycle: Principles of Control. Sinauer Associates.)
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Casy — délka zivota proteint

(A) 5. cerevisiae (B)  H.sapiens nondividing HeLa cell line
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Figure 4-22 Measured half-lives of proteins in budding yeast and a HeLa human cancer cell line. The
yeast experiment used the translation inhibitor cycloheximide, which disrupts normal cell physiology. The
median half-life of the 4100 proteins measured in the nondividing HeLa cell is 36 h. (A, adapted from Belle
A, Tanay A, Bitincka L et al. [2006) Proc Natl Acad Sci USA 103:13004-13009. B, adapted from Cambridge §,
Gnad F, Nguyen C et al. [2011] J Proteome Res 10:5275-5284.)




