Rakuteooria g alugul.

Athanasius Kircher -vaatles vaklade ja tei ste elusolendite arengut
kddunevates organismides (1658).

Jan Swammer dam-kirjeldas esimesena punaseid vererakke.
Antoni van L eeuwenhoek (1632-1723)- avastas mikroobid.
Robert Hook-kirjeldas esimesena rakku (1665) ning nimetas need cella.

L azzar o Spallanzani-" organism périneb alati teisest organismist”, kummutas
elu isetérkamise teooria.

L ouis Pasteur (1822-1895)-kummutas |dplikult elu isetérkamise teooria.
Robert Brown-kirjeldas esimesena rakutuuma (1831).

M atthias Jakob Schlaeiden-"kéik taime osad koosnevad rakkudest v6i nende
produktidest” (1838).

Theodor Shwann-"kdik loomade koed koosnevad rakkudest véi nende
produktidest” (1839).

Rudolf Virchow-"rakk tekib rakust” (omnis cellula e cellula).



Elu tekke eeldused:

 pidid olema moodustunud isereplitseeruvad
polumeerid (Ilmselt RNA)

e pidi olematekkinud mehhanism, mille abil RNA
suunaks valgustinteesl, s.0. geneetiline kood

 pidid olematekkinud molekulid (lipiidid), mis
moodustaksid membraani ning eraldaks
keskonnast i1sereplitseeruva valkude ja RNA segu
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FIG. 3 Schemstic model of a tvpical cell nucleus. The aucleus is surrounded by a double-
membraned puclear epvelope containing ruclear pore compleses. Ribosomic-like strsciisres
are fowand om the surface of the aurer nuclear membrane as indivadual particles and palysomi-
like™ arrays. The choomatin in the nuelear inferior is interpreted & a continuous sysiem o
condersed (heterochromating and diffuse (euchromating regions. The nanchromatin regions
of the nuclear imterior are simplified 10 costsin the necleolus, RNP [ribonoclecproleing
pamtiches, and an e sity mairis forming 8 diffuse nemwork which associates with the chromanin
and mucleolsin ibe interior and the nuclear pore compéexes at the periphery, The periphe raliy
lsbheed matrx may correspond to the neckear lamineg often abserved m close association
with the inner nisclear membrane. Dirawn by L A, Buchholiz and from Bercimey, B. [1979)
in “The Cell Nucleus,” Vol 7, (H. Busch, ed.), p. 413, Academic Press, New York.
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Figure 1 Z2-10 The armrangement «f the nuclear pore complexes in the
muclear envelope. (A0 A skerch showing a small region of the nuckear
envelope. In cross-saection the neclear pore complex appears composed of
three pares: (1) a column companent which forms the bulk of the pore svall;
12) an annular compaonent, which extends “spokes”™ tonvard the cener of the
pore; and (3] a leminal component, which is formed by a large
mransmembrane glvcoprorein tharn is thought to help anchor the complex to
the nuclear memhbrane. In addition, fibrils promrude from bocth the cytosolic
and nuclear sides of the complex. On the nuclear side the fibrils converge to
form cagelike structures, which are shown in a scanning electron
micrograph of the nuclear side of the nuclear envelope of an oocyte in [H].
(B, from MW, Goldberg amd T.00 Allen, J. Celll Siol 119214291440, 992, by
copyright permission of the Rockefeller Universioy Fress_ )



Tuuma lokalisatsiooni signaal e. nukleaarne
lokalisatsiooni signaal (NLS).

[ABLE 19-6 Amino Acid Sequences That Act as Signals for Translocation to the Cell Nucleus

Type of Nuclear Location of Deduced Nuclear

Signal Protein Signal in Protein Localization Sequence”

dingle large T anngen of Residues 126-132 Pro Lys Lys Lys Arg Lys Val
SV40 virus
Adenovirus Ela C-terminus Lys Arg Pro Arg I'ro
Influenza virus nucleo- Near C-terminus; residues  Ala Ala Phe Glu Asp Leu Arg Val Leua Ser
protein (NP 33a-345

Bipartite:  Xemopus nucleoplasmin  Near C-terminus; residues  Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly

155-171 Gln Ala Lys Lys Lys Lys Leu

Xenmopus N1 nuclear Internal: residues 534-550  Lys Arg Lys Thr Glo Glu Glu Ser Pro Leu
protein Lys Asp Lys Asp Ala Lys Lys
Yeast SWI § tran- Internal; residues 636-652  Lys Lys Tyr Glo Asn Val Val Tle Lys Arg
scription facror Ser Pro Arg Lys Arg Gly Arg
Mouse poly-ADP-ribose  Internal; residues 208-224  Arg Lys Gly Asp Glu Val Asp Gly Thr Asp
polymerase Glu Val Ala Lys Lys Lys Ser
Chicken estrogen Internal; residues 250-266  Arg Lys Asp Arg Arg Gly Gly Glu Mer Met
recepror Lys Gln Lys Arg Gln Arg Glu

“Roldface = the hasic residues thought o be essential for nuclear uprake,

wonce: C. Dingwall and R. Laskey, 1986, Amy, Rev. Cell Biol. 2:367-3%0; and C. Dingwall and R. Laskey, 1991, Tremds

Binchein, Sci. 16:4TR-481.
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Nukleosoomid (1).

()i Shde wiew of poienokd bl View &ling axis of one turn of sobsnoid

H1 histomi -

s

A FIGUHE 9-E0 Two vaws of a modal of tha con
densad chromatm foer, The octemarnic msione core (Ges
Faqure B-48g) 15 shown as a disk Each mnuclposome assocl
gtes with one H1 moleculs, and the Tber cofs into & sole-
resid structura with a diamatar of 30 nene [Part (o) adestad
fram M. Gronstain, V92, S0 Am JT:EE. pan 0} adeptad
from 4. Kleg 1988, Froc B WY Welch Fan. Cand. Chem
Rez F133)
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Figure B=110 Tisi nmture of the
nucldnsmime () depleis two s ool
thie thiree-dimensional siruciuee of the
histone octamen the general path of
the D& wiapged o i =
indlcated by o colled tube el amld a
serles of parnllel lines (bedeman). Two
HaA-H2B divpers (ee] flank an H3-
Ha vetpiimeer. The kistone getamed is
thiss camypased ol twareach of
histomes HiA HER, H3, and H4, with
adotal imass of abowi 100,000 dakiaes
{H] The niscleosome copsisls ol
full turnes of DMNA 83 nucleotde pairs
HET FLETTA winiiimd araund an octamee
histone care, plus the adjscent “linkar
DMAS The part of the nuclsaseme
referresd 10 here as thi “mecleosmne
bead” ix rebiased from chromeatin by
digesilan al thae DA withi
mierococeal nuclease. In each
noclesanime head 146 nucleoiile
prairs of 1A dowble hefix (abour 1.8
rurnsh remmain wiiisl sround the
actarerse Ristane core, (Y, couresy
of Evangelos sloudrianakis)



X-kromosoomi 1nhaktivatsioon.

el im early smby Figure 364 X Inactivation. The
" clonal inhedtance of & condensed
- X : i
inactive X chromaososme that ocours in

female mammals.

COMDEMEATION OF A RANDOMLY
SELECTED X CHACKMOSOME

9 8

I: DEFAECT IHH'EHI'I'AHEE F THE PATTERN OF CHHI.'IMIJEGA-'IE ED'HDT:HEHTFJH

20 & o

I:Flir:v:T IMHERITARCE OF 1HI: PATTERN OF GJAMI:-SEME cmntmmu

@bo@oooo

anily My, aclive in 1hs ohong prty X, active in thes dane




|nimese karuotudp.

Figure B-32 A standard map of ithe
banding pattern of each
chromosome In the human
karyniype. This mwp was determined
at the prometaphase stage of mirosis.
Chromosonies 1 through 22 are
labeled [n thve approximate order of
thedr alze: a diploid cefl contalns pwa
of each of these autosomes plus two
sex Chromosarmes—iwag X
chromosomes [femalel or an X and &
¥ chromosome (male), The 850 bands
shown here are G bands, which stain
with reapgenits that appear to be
specific for A-T-rich DNA sequences,
The grevm krebs on chromospmes 13,
14, 15, 21, and 22 inaficate the
positions of the genes that encode the
large fbosomal RNAs the green {ines
mark the centromere on each
chrommsome. (Adapied from U,

ey Franke, Cwegerner, Cell Gener, 31:24-
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Tsentromeer, telomeerid ja replikatsiooni
alguspunktid.
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G i Figure #—4 The functions of the
" three DINA sequence elemenis
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SEQuarce

needed i prodoce @ stabibe Hnear
eucaryolic chromosome, Each
chromosome has maiy origins of
replicatbon, one centromens, and two
elomeres. The centiomers serves Lo
huald the twn copies of the duplicated
chromasome togetler and o attach
them, vio a protein complex called 2
kingtochore, o the mitotic spindle i
such a way that one copy is
dlisteibuted o each danghter cell al

; mitosls, The phases of the cell-

/ division cvcle corresgomnding fo the
J o pvenits of chromosoeme replication

replicafion kinEnchors daugtar chromosomes i segregat inn are shown ahove the
fniblolke in ceparate calkd
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diagrams

338 Chapter & : The Cell Nucleus




DNA replikatsiooni kahvel.

Figure -8 The proteins ai a DNA
replication fork. The major types of
proteins that act at a DNA replicatior

Dh& palymarnse on fork are illustrated, showing thalr
.-.l:.-;.-;wnll-mi:-nd lepding strand positions on the DNA,
stran ¥,
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DNA replikatsiooni kahvli teke replikatsiooni
alguspunktis.
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DNA replikatsioon.
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RNA suntees.

WHEERKIY DD INCSE LA | NE QOETTReTass: DIn0S Yery mEnary, noavesveT, Wen | coa-

Flgure &I The synthesls of an B4
modecule by BMA polynserase, The
eryme bimds 1o the promocer
segoence on the DNA and begins s
swmihesis a5 a srart sl wichin e
promoter. 1t completes jts synilesis &
& 500 [ermisarion| signal,
wherewpan boih the polymerese and
it complensd RRA claln ane released.
Duzing HAA chals elongstinn,
polymerization rabes erage shour 30
nuchogides per second m 370
Therefiore, an BENA chain af S0
nucleooides takes abow 3 menuies o

complee.



Eukarlootse raku bioslintees, sekretsiooni ja
endotsttoos organellid.
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Figonre 13-3 The intracellalar
comipartmerits of the sucaryotic cell
invalved i tle bosynihetlc-
secretary and endocytle pathways
Each compartiment encloses a space
that is topolegically equivalent to the
pwtside of e cell, and they all
communicile with aine anether tl'!.'
means of transpor vesleles. In the
hinsymt hetic-secretory pathway [rad
arrmes) prolein molecules are
transported from the EH o the
plasma membrane of (via late
prabiacanes| 1o lysosomes. [n the
eoadocylic pathway [green armeus|
muolecules are ingested in vesicles
derived [rom the plasma membrang
and delivered 1o early endosames and
then (via lare endosomes] o
Iysosmes, Many endocyiosed
muolecules are retrieved from carly
endosomes and remurmed to the ool
surface for reuse; similarly, some
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Endoplasmaatiline retiikulum, Golgi
kompleks ja sekretoorsed vesiikulid.

Smaoth ER Rouwgh ER

Glycogan L

A FIGURE 5-37 Eiectron micrograph of a saction of a

rat hepatocyts, showing two mitochondria (M), two peroxi-

somes (Pl rough and smooth endoplasmic reticuda, and
phvoogen rosattas. [Courtesy of P, Lazasew |
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Kare ja sile endoplasmaatiline retitkulum.
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Flgure 12-24 Abondant smoath ER
Im o steroid-hormiane-secreiing cell,
[his electron mictograph saol a
pestnsterone-secreting Levdig cell in
thie harmian testis




Kare ja slle endoplasmaatiline
retitkulum.

rougth ER smnosh EA Figure 12-35 Three-dimensionol
reconstruction of a region of the
sivmath and rough ER ina liver cell.
The rough ER forms arjented stocks of
Aatiened cisternne, each having a
luminal space 20 60 30 nm wide, The
smweoth BER rmembeine (s connected o
these cisiermae and forms o fne
nenwaTk of tubules 30 (o G mm
dipmeter, (Aber ], Krstid,
Ulirastrscture of the BMammalian Celd,
New York: Springer-Yerlag, 1979,

_,.l. .."'. EM lurman
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Figiire 12-33 Pree and membrane-
hound ribosomes. A common pool of
ribosomes 1s used o synthesize bath
the proteins that stay in the cytosol
and those that are transported into
the ER. It is the ER signal peptide on a
newly formed polypeptide chain thai
directs the engaged ribosome to the
ER membrane, The mENA moleculs
may remain permanently bound 1o
the ER as part of a polyribosome,
while the ribosomes that move along
It are recycled; at the end of each
round of protein synthesis, the
ribosomal subunits are released and
rejoln the common poal in the
cytosol.
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Signaal peptiidi hipotees
endoplasmaatilises vorgustikus.
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Figure 12-38 The nrlgimﬂ slgninl
hypothesis. A simplificd view of
proftein tmanskocition acmss the ER
membrane, as ariginally proposcd
When the iiﬂl‘lq' peptide emerpes
from the ribosome. 1t direcis the
ribasome 10 a Fecepror profcin on |
ER membrame. As it s synihesized.,
the polypeptide s posiulated 1o be
translocated across the ER membn
through a protein pone asseciared
with ithe recepior. The signal pepiii
i clipped off during translation by
signal peptidase, and the mature
protein is refeased into the homen
the ER immediately after being
synithesized, We now know that the
hyposthesis is correct in outline bug
thai additiennl components beside
those showwn in this figune are
regyuited. The signal peptidase, for
|"-|.arn|'|lf-. is 0 {nmplr:-: of five diffen

manrmhrana hasrmed edheomsidn



Signaal peptiidid jasignaall aratundev
osake (SRP) endoplasmaatilises
vorgustikus.
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Figure 12—40 How ER signal peptides and SEP direct ribosomes to the ER membrane, The SAP and the SEF receplor
are thought (o act in concert. The S blmnds 1o the exposed ER signal peptide and 1 to the ribosome, thereby inducing o
pause n ranslation. The SRP recepior in the ER membrane, which is composed of two different polypeptide chains,
binds the SRP ribosome complex In a poorly understood reaction that invalves multiple GTP-binding proteins, the
SR is released, Teaving the rilssome on the ER membrane, A multisubunit proeln ranslocation apparatus in the ER
membrane then inseris the pobypeptide chain nto the membrane and transfers o across the lipid bilayer



Transmembraanse valgu seostumine
endoplasmaatilise vorgustiku
membraani.

Figure 12-44 How a single-poss
tramsmemlarae protein with a
cleaved ER signal peptide is
Iniegrated into the ER membrane.
I this hypoibetical model the oo
transintional ranslocation process
is Imiiated by an amino-termvinal
ER slgnal pegide (see) that
fumatlonms as a stari-transber signal
= In Flgure 12—-43. In addition 1o
the start-tranafer peglide, however
the prodeln alst conlains a stop
transter peplide [oraqagel, When the
spop-transier peplide emnters the
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L ahustuva valgu suundumine [abi
endoplasmaatilise vorgustiku membraani.

-

trans|ocaioT poTe,; clegved off by the sigmal PePLIRASe, LN FREHUTY LIEg e v
amino acids by other proteases in the ER while the protein is released into the
ER lumen [Figure 12-43].
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SiasAL PEPTIDASE RE LEASES
MATURE FROTEIN INTO ER LUMER

The Endoplismic Beticulum

Figure 12-43 The prapsbocntion of 4
soluble protein peross the ER
membrane. [ his hypothetcad
mackel the proteln sranslocatoe in the
membirane is pestulated (o exist in
o allernative STaies-—aciive &
imactive. O hinding an ER signal
peptide fwhich acts as @ San ranEieT
slanall. the frosslocmib abopts an
aciive state angd begins to Tansder the

polypeptide chaln peToss thae Bigeicd
nilaver @5 4 leop. In this state it lorms
[E e OLs pone gEross Lhiir
membrane that can be detected
eloctrophysiotogically if the
|||||1,'|||.=|:||.||,||;- chain |5 released |see
Fhgure 12-42), Alle ihee prsteim his
been complerely ransiocaned, the
(ranslnealon reverts (o an inadtive
conformation, which con no longes
conduct s aoross the membrane
bt 15 open o the ipkd hilayer
allpwing the hydrophobic signil
peptide to diffuse out inie the vilayer,
whiere it is rapidhy despraded. In this
and e following two figeres the
rihosomes have been amitted for
clarin



Valgu glukostleerimine karedas
endoplasmaatilises vorgustikus.

Figure 12—49 Protein glycosylation
in the rowgh ER. Almosd as soon &5 a
predypeepride chain enters the EiL
lurnes, it |s glycosylated oo larger
asparaglie aming acids. The
aligosaccharlde shown in Figuare
12-48 is ransberred to the asparaging
iy an bnact unlt in a reaction
cidalyzed by a membrane-hound
CYTOS0L oligedaceharyl transfenmse eneye.
There 5 one copy of this emeyme
associated with each protein
tranabscotor in the ER membrane
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campkaed 605 subwunit Figure 6-28 A polyribosome.
POBAPLI Schernatic drawiing showing h
seties al ribostmes can sinal-
tanesesly iranslate the same ¢
mbecale.
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Flgnire 13-Z22 Threo p-q|hwq5m
degradation In bysosomes, Each
pathway leads to the intraceflular
digestion of materials derived from
different sowrce, The compart ment
resulting from the three pathways ¢
sometimes e distnguished
morphologically—hence the terms
“aurnphagelysosome,” "phago-
hysosome,” and o on, Such
hysosemes, however, may differ onl
because of the different materiaks
they are digesting,
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1D Chapler 16 Synthesis and Sorilng of Plasmes Membrase, Secrelocy, and Lysosomal Proteins
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A FIGURE 1T6-37 Th=s megetreg of 2ol snmemes 1o
kesomnimes . Duning bosperhess, scsomal aeapmes migraia
from tha ooags ER fef) 10 the oF Golgl, i which one o0
Mone marnoss rasafess s phosphondsred. In 1he yans
Golgl repruium, the anmymes Dind (D ta membrane:
artached, highly speohc manmase S-phosphats reoand,
sitich, ihaslE: e BNEETaEs D weeecksE coalad with the
fibrous proisn cathemn. The dattun sursounding These wesi-
cles s rapedhy demabynerieed 10 oas ol riskefaon sob-
umils, and the unooebad TErspo vascke fesas with a CURL
vesicls dalsn caled & late endoaome) The owy pH of 1he
CLIAL wesssds i=—5 5l céaisens The prasphondeisd ammamea 1o
dssocata from is recepicr. The mecepicr recpcies back o
the Golg and the phospro-pleted enmpma & nooporaled
imo a ddfarent ranspot wesicla that buds from tha CLIAL in

Clafaris-comied
K5

Clathrin triskaicns
e S S ]

i e
E T ICURAL, o Lot andsorse]

Wi e T pGlen fsEs s phosphans group. and the
wEsicie soon fuses with a sosome. The sortimg of sce
somial anorres roen seorsioey proteas Bl thes coois in
e ratsloig ratcukim, and these two classas ol proisans
o incorpommeed ko Sfherent eesicke s, which talos differect
roukes gher ey Dod froen The Gadge

Tha manncss G-prasphatm recepicr & asn fowns on tha
plrsma membene iuoper rightl, wheare @ bnds estieosBokas
phosporpiened heosorral ENZpmsEs e G5 ol
sacaipd. These recopioedigant oompleses sm mlersaloed
fron thes ol surlEee N csihen-ocsisd weeichrs wihch giso
loesa thesr dattnn coats and fesm with a CUAL orgareie
5= G Griffiihs &2 al P08 Ca) BEEID0-341: 5 Eorrrdedd
1352 Ann Raw Biochem, B1S07-330 ard G Gritliths and
4. Groenberg. 1851 . Theeo's Cal @ol =650



