| Uisosoomide enstiumid.

Koik ltsosoomide enstiimid on happelised hidrolaasid ja kannavad
unikaalset markerit mannoos-6-fosfaati.

proteaasid
nukleaasid
glukosidaasid
lipaasid
fosfataasid
sulfataasid
fosfolipaasid
e nende pH optimum on 4,8-5,0

L isosoomide membraan sisaldab transportvalkejaH* pumpa, mis
kasutab ATP energiat et hoida |lisosoomi sees madalamat pH Kkui
tstitosoalis.



Varkelt stinteesitud | isosomaal se htidrolaasl
transport |Gsosoomi.
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| Uisosomaal sete enstiiimide suundumine
| isosoomi desse.

T

Chepter 16 Symithesis and Seeting ol Plaams Membrans, Secretory, sl Lysosomal Proteins
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L agundatava matrjali joudmine
| lsosoomi:

1. Makromolekulid vOetakse valiskeskkonnast endotslitoos teel
varajastesse endosoomidesse. Osa neist 1aheb tagas
plasmamembraani, osa hilistesse endosoomidesse.

2. Autofaagia, mille kagus lagundatakse raku enda vananenud
komponente autofagosoomides ja hiljem autofagol isosoomides.

3. Fagotsitoos esineb rakkudes, mis on spetsialiseerunud suuremate
osakeste ja mikroorganismide fagotsiiteerimisele. See toimub
fagosoomis, mis hiljem Ghineb endosoomiga moodustades

fagol lsosoom.



L agundamise rajad |lisosoomis.

Flgure 13-22 Thres pathways to
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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L Uisosomaal sete enstiimide defektidest
tingitud haigused.

L tisosomaal sed |ladestushaigused on pohjustatud geneetilistest
defektidest, mille t6ttu ks voi mitmed |lsosomaal sed hiidrolaasid
puuduvad.

1. I-rakkude haigus (ingl.k. I-cell disease e. inclusion-cell disease),
mille korral fibroblastides ja makrofaagides puuduvad koik
hiudrolGutilised enstidmid. Puudub N-atsettulglikoosamiini
fosfotransferaas, mis kataltitisib |lisosomaal sete enstiimide
fosfortleerimist, s. 0. mannoos fosforuleerimine puudub (& teki
mannoos-6-fosfaati).

2. Hunter’i ja Hurler’i stindroom on tingitud enstitimide defektist,
mis on vaalikud sulfaaditud mukopol isahhariidide lagundamiseks.

3. Tay-Sachs'i sindroom on pohjustatud p-N-heksoosaminidaas
defitsiidist, mille tottu on hairitud gangliosiid GM 2 lagundamine.




Rakusisese proteol Ultilise stisteemi Ulesandeks on:

a) aratundaja elimineerida kokkupakkimata valgud
b) korvaldada kahjustatud voi valesti pakitud valgud
¢) lagundada lGihikese pool estusajaga valgud (nait. tstkliinid)

Tsitosoolis lagundatavad valgud suunatakse suurtesse valgu
kompleksidesse, mida nimetatakse proteasoomideks. Nendes
lagundatakse valke, mis on ara margitud neile kovaentsealt seostunud
ubikvitiini poolt.



Ubikvitiinist sOltuv valkude lagundamine.
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Figure 5-39 Ubiguitin-dependent protein degradation. In step 1 a target A i
protein (containing a degradation signal) s recognized by the N 241

ubiquitinating enzyme complex. Then, in step 2 a repeated series of ] ﬂﬂ 2l
biochemical reactions joins ubiquitin molécules together to produce Tn?

multiubiguitin chain attached to the e-amino group of a lysine side chaln in small papides

the target protein, Finally, in step 3 the proteasome cuts the target protein
Into a series of small fragments,

Ubikvitiin-sdltuva siisteemi abil lagundatakse denatureeritud,
valesti pakitud voi oksilideerunud amiinohappeid sisaldavaid valke.



POhilise koesobivuskompleksi (MHC) ja T-raku
retseptori seostumine.
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MHC | klassi molekulid on kdéigil tuumaga rakkudel,
MHC Il klassi molekulid on ainult antigeeni esitlevatel rakkudel

(B-limfotstiidid, makrofaagid, dendriitrakud)



TsUtotoksiline jaabistga T rakk tunnevad ara
erinevaid MHC komplekse.

Tsutotoksiline T-lUmfotsUdt Abistgja T-lumfotsitt
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protain ¥ protein protein proien
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Nakatunud marklaudrakk Antigeeni esitlev rakk



Ekstratsellulaarse valgulise antigeeni to6tlemine
esitlemaks T abistajarakkudele.

helper T cell
! ]_ __-_’.—dl"'
antigen-presenting RECOGNITION BY
call fl:.ll|d'Ed protein antigen HELPER T CELL
early / ENDOCYTOSIS AND DELIVERY OF PEPTIDE-
endosome DELIVERY TO ENDOSOME CLASS-II-MHC COMPLEX
@. TO PLASMA MEMBRANE
FOR RECOGNITION
late BY HELPER T CELL
pndosome f
LIMITED PROTEOLYSIS OF PROTEIN
Y ANTIGEN + PROTEOLYSIS OF
i INVARIANT CHAIN + BINDING OF
ANTIGEN-DERIVED PEPTIDE TO
MHC PROTEIN A N
INVARIANT CHAIN
classll | DIRECTS CLASS Il MHC DELIVERY OF INVARIANT
MHC PROTEIN TO LATE HAIN PEPTIDES AND SOME
tein|  ENDOSOME CHAN \
s : ANTIGEN-DERIVED PEPTIDES
- Golgi TO LYSOSOME FOR
apparatus FURTHER DEGRADATION
| trans Golgi
invariant chain natwork

lysosome

Figure 23-53 The processing of
an extracellular protein antigen
for presentation to a helper T
cell. A current view of how
peptide-class-11-MHC complexes
are formed in endosomes and
delivered to the surface of an
antigen-presenting cell.



Viirusvalgu tootlemine selleks, et teda esitleda
tsttotoksilisele T-lumfotsttdile.
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Eksotsiitoos teed.

Ekso- ja endotsiitoos on membraaniga timbritsetud
transpordivesiikulite teke ja nende thinemine kas raku
valismembraaniga (eksotsitoos) voi endosoomi membraaniga
(endotstitoos).

1. Pidev e. konstitutiivnetee.

Transpordivesiikulid kannavad uust membraani komponente Golg
kompleksist valismembraani. Organismile vgalike valkude
eksotstiteerimine rakust valiskeskkonda.

2. Reguleeritud tee.

Sekreteeritavad ained kogutakse sekr etoor setesse vesiikulitesse ning
need Uhinevad valismembraaniga parast keskkonnast tulevat signaali.



Stnaptiliste vesiikulite formeerumine.
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Endotsttoos tuubid.

e 1. Pinotsiitoos-lahustunud makromolekulide sissevotmine vaikeste
vesiikulite abil.
— a) retseptor-vahendatud endotsiitoos
— b) vedelafaas endotsiitoos
e 2. Fagotstitoos-suurte partiklite (mikroorganismid, surnud rakkude
osad jne. ) sissevotmine.



Klatriinse katte teke jalagunemine.

MEMbBrANEe VESICHE, TNE CHEIMTIED CUSILS LI VEBMIGD SIS LLIILE w T
stmilar way from 12 pentagons plus a larger number ol hl.xagnm (A,
from E. Ungewickell and D. Branton, Narure 289:420-422, 1981, © 1981
sMacmillan Journals Ltd.; B, from 1.S. Nathke et al., Cell 58:899-910, 1992
& Cell Press: C, from G.P.A. Vigers, RA. Crowther, and B.M.F. Pearse,
EMB{) J. 5:2079-2085, 1984.)
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Figure 13-51 The assembly and
disassembly of a clathrin coat. The
assembly of the coat is thought 1o
introduce curvature into the
membrane, which leads in tumn to the
formation of uniformly sized coated
buds. The pinching off of the bud 1o
form a vesicle involves the more
complex process of membrane fusion,
which we discuss later. Although
coats consist of multiple protein
components, only clathrin is shiown in
this simplified schematic drawing,
Whereas the coat of clathrin-coated
vesicles Is rapidly removed shortly
after the vesicle forms, we shall see
later thal coatomer coats are removed
after the vesicle docks on its target
membrane.
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Madala tihedusega lipoproteiini (LDL) retseptor-
vahendatud kol esterooli endotsltoos.

plasma membrane

L
CYTOSOL #\\*\
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kaetud vesiikul BUDDING OFF
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FUSION WITH
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free
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Bnzymes
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kaetud vesiikull struktuur.

liniga

Klatr

[al Coated wasicle

"unll_-.r..ﬂ._-":".l.... 1% ...-“".M."..h i
By T (e .._u._._nu 1
ey mmh.

L]
S A e
R

L
.un.—_ %

1} Assambly imtarmadiate

] Triskedion structure

..M
B




Eksotsitoos, endotsiitoos ja
transtsutoos.

Influenza virus
A glycoprotein

VSV G
glycoprotein

T ; e

Apical protein "

on basolateral Endocytosis
membrane o Trans-Golgi
\ reticulum
! I~ i Transcytosis W Apical
%—) — >4 protein
Clathrin-
coated pit Recvcllnis

Basolateral Tight Apical
plasma junction plasma
membrane membrane
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Semiliki metsaviiruse elutstikkel.




Antikeha poolt esilekutsutud fagotstitoos.

kG- antibody-coated Fc region of
haciEnum Iulj Bl pmoaiy
. T
- i
i
h T Fe recepio

MECrofuges ni
el

PHAGOCYTOSIS

Figure 23-20 Antibody-activated
phagocyiosis, An IgG-amnibsady -
coated bacterfmn is efficiently
phagacyiosed by a macrophage or
neutraphil, which has cell-surface
receplors able to bind the Fo region of
gl malesciudes. The binding of the
antibody-covered bacteriiem o thesse
Fr receptors activares the phagocytic
PrIsCess.



Vakude litkumine viisid rakus.

e 1. Varavtransport esineb tuumajatstitoplasma vahel tuuma pooride
kompleksi kaudu.

e 2. Transmembraanne transport toimub membraaniseoseliste
translokaator-molekulide abil.

o 3. Veskulaartransport membraaniga tmbritsetud transpordi-
vesiikulite abil.
— @) konstitutiivne sekretoor ne suund laheb endoplasmaatilisest
retitkulumist Golgi kompleksi ja sealt raku valispinnale
— b) lisosomaalne suund kus mannoos-6-fosfaadi poolt méargistatud valgud
suunatakse |8bi endosoomi |Usosoomi.

— ) reguleeritud sekretoor ne suund esineb spetsialiseeritud rakkudes, kus
on nn. kontrollitud eksotstitoos. Vakudel peavad olema signaaljarjestused,
mis madravad nende joudmise trans-Golgi sekretoorsetesse vesiikulitesse.



Vesikulaartransport rakkudes.

See tihendab omavahel:

ER-i

Golgi kompleksi (cis-, kesk-, jatrans-Golgit)
Endosoome

L isosoome

Sekretoorseid vesiikuleid

Raku véalispinda

Klassikaline sekretoorne rada:

_»— Sekretoorsed vesiikulid (kontrollitud eksotsitoos)
ER—> Golgi — eksotsiitoos rakust (plasmamembraan)
“A_ Mannoos-6-fosfaat | iisosoomi



Vesikulaartransport rakkudes.

Vesikuliteteke
Katallitisivad nn. katte valgud (ingl. k. coat proteins)
Tuntakse kahte titpi vesiikuleid:

a) klatriiniga kaetud vesiikulid
b) koatomeeriga kaetud vesiikulid (COP valgud)
COP| (GK —PER)
COP Il (ER—»GK)
Koatomeerse katte teke ja lagundamine on soltub GTP-seoselisest
valgust ARF (vdib osaleda ka klatriinse katte tekkes).



Vesikulaartransport rakkudes.

Oigete molekulide pakkimine vesiikulitesse.

Seostumine retseptoriga (mannoos-6-retseptor, retseptorvahendatud endotstitoos)
Oige shtmembraani &ratundminerakus.

Organelle markeerivad SNARE valgud (VSNARE jatSNARE)

Vesikuli Ghinemine sshtmembraaniga. Membraanide Gihinemist katal titisivad nn.
fusogeensed valgud

SNARE= SNAP retseptor
SNAP=soluble NSF-attachment protein
NSF=N-ethylmaleimide sensitive factor



Organellidesse suunavad signaalid valkude
koostises.

Organdll Paiknemine | Signaaljarjestuse | Koostis
valgus araldikamine
ER N-terminus | + 6-12 hidrofoobsest aminohappest

koosnev siidamik, millele eelneb
Uks voi mitu aluselist aminohapet

Mitokonder | N-terminus | + 3-5 mittgarjestikust Arg voi Lys,
tinti koos Ser jaThr

Kloroplast N-terminus | + Pole tihiseid motive, esineb palju
SerjaThrning el esineGlu ja
Asp

Perokslisoom | C-terminus Tavaisdt Ser-Lys-Leu

Tuum internaalne Uks Kkl aster, mis koosneb viiest

aluselisest aminohappest (Lys,
Arg) voi kahest vaiksemast
Klastrist, mis on eraldatud
teineteisest 10-11 aminohappega




Veskulaartransport. Sekretoorsed ja
endotsutootilised rajad.

by digestion are then taken up by transporn proteins in the plasma membrane.
) ol celle, by conirast, have ovolved an elaborate intermal membrane sys-

i und defiver them 1o digestive enzyimes that are stosed niracellubarly (0 lyso-
joames; s 0 consequence, metabolites genernted by digestion are defivered from
Iysasnmes direcily 1o the cytosol 85 they ore prodoced. Besides provigdimg for
pred digestion of macromolecules by the mmdecytic pefhueay, the intermal
pembrane sysiem provides a preans whereby eucaryotic cells can regulate the
i saf wly symithesized proteins and carbohydsates o the exterior. Becauss
sach motecule that travels alonp this Mosyshetic-secrerory pathuay passes

B m1|l|ip|e compartmends, the cell can moadify the molecube ina seres of
controlled sieps, store it until needexd, and then deliver i 1o oa specific ooll-sur-
Face darmain by o prooess called exocpivss. The endocytlc amnd biosynithetic-secre-
ory pathways ape shawn In color in Figune 13-1

Flgure 17=1 The seeretory nmsd
enidocyile patinways. In this “moad
map” of biosymihetc protein mific.
which waa introduced in Chapier 12,
both the secretory and endocylic
patbways are oaloed

Figure 15-2 Vealeulsir tramspa,
Teanspor weskcles bud off foom one
crmpasent and fuse wich another.



Sekreteeritavate valkude slinteesi ja sortimise
rajad.

Exoplasmic

facn [ace
Plaama Enacyioais
mgmbrans 2 ;

CYTOSOL Lysosame membrana
prodeEin
Sarting o
Iysasames
Cyiosolic face o ; :ﬁ “:“,
: : Rasidant
Ewaplasmic face I crid rre et Golgi pratein
. ta Golgi
Flesidant
ER progsin \CoTTREt
Cytosolic
ER lumen faca

Pratein synthesis on Rough ER
bound ribosomas; )
cotranslational Exoplassnic
tramepot of protains. Taos
intg o Beross

andoplasmic reticulum

{EAI mambrane

<« FIGURE 16-1 The secraicry path-
way of proteen synthess and sorng
Proteing synthesized on ribpsomes bound
1o the rough endoplasmic reticulum [ER)
enier the sacretory pathwvay, Thes class
includes both integra! membrans prolers
that becoms inssertad in the ER mem-
brane and proteins that become soluble o
tha lumen of the ER. The proteins are
subsaquantly sorted to thair differant
destmations. Some (rough ER enzymes of
structure! proteins) remain resadsent in the
EA. The remaindar move via transpart
vasicles 1o the three classes of Golgh wesk
cles, where camein of tham remain. The
rest of the proteins mowe, via secretary
vasicies, either to the plasma
membrane—where soluble proteins are
sacreted—aor 1o scsomes. Plasma
membrang proteins also mova via trans-
port wesickes from the rough ER fo tha
Galgi to the plasma meambrana; frequantty
they are intermalized by endocytosis and
then sithar sorted to ysosomes for dege
dation o recycled back 1o the plasma
mgamibrana. Each imtegral membrane pr-
ten (bdwal retains is mambrane orients-
taon during all the sorting steps: soma
sagments abways face the oytosol gyl
othwrs abways face the exoplasmic space
voliowy, La, the lumen of the ER, tha
Golgi wesicles, and other franspart vase
cles and the outsese al the calll



Vakude sorteerimide teed trans-Golg
vorgustikus.
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protein mixture sorting
! 1 | SIGNAL-MEDIATED
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cell surface

a membrane
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Vakude litkumise teed rakus.
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SNARE-de osa vesikulaarse transpordi

juhtimises.

Fusogeensed valgud

Figure 13-56 The postulated role
of SNAREs in guiding vesicular
transport. Complementary sets

of vesicle-SNAREs (v-5NAREs)
and target-membrane SNAREs
(t-SNAREs) determing the selectivity
of transport-vesicle docking.
v-SNAREs, which are co-packaged
with the coat proteins during the
budding of transport vesicles from
the donor membrane, bind to
complementary t-SNARES in the
targel membrane.



Vakude import tstitosoolist mitokondrisse,
kloroplasti, perokstisoomi ja tuuma.
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