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Cell-Cell Communication

Lekcijas saturs

» Stnu komunikacija
 Signala parnese

* Proteinu sotrésana un translokacija membrana
* Oglhidratu piesaiste Siinas membranai



Stinu komunikacija

Signala parnese



Kadel sinam vajag komuniceéet?

Atskiribas?




Years since a
common ancestor

Daudzsunu organismu evolucija (millions)

L— 6

* 50% no H.sapiens géniem homologi, jau bija Q
sastopami kopéja tarpu, kukainu un cilveku :
priek$tect pirms 600 miljoniem gadu - ’

e Salidzinot ar raugiem daudzsunu organismos
daudz lielaka skaita ir sastopami proteini, kas

nodro$ina génu regulaciju un $anu 600 Q
mijiedarbibu




Komunikacijas pamatelementi

Arpus$inas signals maina $unas fiziologisko stavokli
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Signalmolekulas

Proteini, peptidi, aminoskabes, nukleotidi, steroidi,
retinoidi, taukskabes un to atvasinajumi, neorganiski
savienojumi, izSkidusas gazes, fotoni
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Arpuss$iinas signala
(liganda) piesaiste

* Pie Sunas virsmas receptora
(hidrofilas signalmolekulas)

* Pie iekssuinas receptora
(hidrofobas signalmolekulas)

(A) CELL-SURFACE RECEPTORS

plasma membrane
cell-surface /

/
receptor protein d

N

-

hydrophilic signal \
molecule target cell
(B) INTRACELLULAR RECEPTORS

small hydrophobic
signal molecule

/ ) target cell
carrier protein /

(‘.
/ >.Jcleus

intracellular receptor protein



Siinu savstarpéja komunikacija

Signala parnese:

T

(&)
signaling cell target cell
membrane-
bound signal
molecule
(@
synapse

neuron

: target cell
cell neurctransmitter 9

body

endocrine cell

=

bloodstream
target cell

target cell
hormone l@
ﬂ
@..

e Sinaptiska
* Parakrina
» Kontaktatkariga

 Endokrina



Siinu savstarpéja komunikacija

(4) CONTACT-DEPENDENT (B} PARACRINE
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gap junction

Siinu tiesais kontakts
s

1. Gap-junction small molecule

2. Sidnas-$0nas signala parnese ‘
(Notch)

3. Sidnas-arpus$inu matriksa
signala parnese (Integrini)




Gap-junction

gap junction

small molecule

Sauri kanali, kas savieno noteikta veida $lnas un veicina
neorganisku jonu un mazu udeni skistosu molekulu
transportu (Ca%* cAMP)



Gap-junction uzbuve % %

Koneksina monomeéri e
veido koneksona
kompleksu

Intercellular spacg

2-4 nm space Hydrophilic channel

Gap-junction var nodrosSinat:

* TieSu elektrisko kontaktu starp sunam

* Mazmolekularu sekondaro mesendzeru parnesi

* Molekulu, kas mazakas par 485 Da parnesi
(bezmugurkaulniekos 1100Da)

e Parvadama signala nenok|tsanu arpussunas telpa




Gap-junction nodrosina sirds muskulaudu funkcionalitati

N -

Gap-junction veido savienojumus starp sirds muskulaudu stinam
nodrosSinot Na*, K* un Ca%*jonu apmainu

Gap-junction
nodrosina vienotu
sirds kontrakciju
ritmu atvieglojot
depolarizacijas un
repolarizacijas
procesus

> Intercalated
discs

L__._-- Opening of
\ transverse
. tubule
7Gap
junctions

@

g Cardiac muscle
fiber

Nucleus
Sarcolemma

Cardiac muscle fibers



Sinaptiska komunikacija

Specifiskumu nodrosina
kontakts starp nervu sunam
un mérksunam

TieSais kontakts ar
neirotransmiteru nodrosina
merksunas fizologiska
stavokla mainu

Atrill!

neurons

A B

target cells

neuro-
transmitter




Endokrina komunikacija

endocrine «<<— |
cells

Endokrino sStinu sekretétie
hormoni noklust asinsrité

Hormonu signalus uztver tikai

hormones

/o

tas merksunas, kuram ir Eﬂ ¢
. ~ .' . \‘ . bloodstream
attiecigie receptori hormona .
signalu uztversanai (
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»
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Pie ka var novest hormonu disbalanss

Anatomy of Pituitary

Labdabigs hipofizes

audzéjs — adenoma

Var novest pie
nekotrolétas

hormonu produkcijas

Opticnerve crossing | &

Anterior pituitary

Pituitary fossa —

| Posteriorpituitary

AugsSanas h. => gigantisms, endokrinas,

kardiovaskularas saslimsanas

Prolaktins => piena sekrécija, reproduktivo

funkciju traucéjumi

Adrenokortikotropais h. => endokrinas,
kardiovaskularas saslimsanas, psihiski traucéjumi

u.cC.




Siinas uzvedibas maina arpussiinas signala
ietekme

> Tlek malnlta extracellular signal molecule
proteinu ®

funkcionalitate l
cell-surface

intracellular signaling .
@ — receptor protein

pathway

» Tiek mainita génu
ekspresija

nucleus

DNA |

ALTERED ¥
FAST PROTEIN RNA, me— SLOW
(< sec to mins) FUNCTION {mins to hrs)

\ ALTERED PROTEIN SYNTHESIS

\ /

ALTERED CYTOPLASMIC MACHINERY

ALTERED CELL BEHAVIOR



Dzivnieku sunu atkariba no arejiem signaliem
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Atkariba no mérkaudu specifikas atbildes reakcija uz

vienu signalu var but atskiriga

(A) acetylcholine (B) heart muscle cell
O CH, receptor
|| protein

H,C —C —O —CHy—CH,—N*—CH,

CH; \ .

acetylcholine

(D) salivary gland cell
DECREASED RATE AND
FORCE OF CONTRACTION

SECRETION

(C) skeletal muscle cell

CONTRACTION



Signala uztvere un parnese

— EXTRACELLULAR SIGNAL MOLECULE

r— RECEPTOR PROTEIN

—— plasma membrane of
target cell

Arpussinas signals maina
sunas fiziologisko stavokli

INTRACELLULAR SIGNALING PROTEINS

b0 =6

/N

x ‘ " EFFECTOR PROTEINS

metabolic  gene regulatory  cytoskeletal

enzyme protein protein
altered altered gene altered cell
metabolism expression shape or

movement



Lai Sunu komunikacija butu sekmiga:

 Signalam jabut specifiskam

* Nepieciesams signalu amplificét

 Signala parnesei jabut modularai

* Signala uztverei jaspéj adaptéeties/desensitizéties

* Signaliem jabut savstarpéji integréjamiem



Signala specifiskums

specifiski piesaistas pie

» Signalmolekula (ligands) @\ /1
L

meérkreceptora

» Citas signalmolekulas $aja vieta Receptor
nevar piesaistities l

* Afinitate — raksturo liganda Response

spéju saistities pie merkproteina



Signala amplifikacija

Enzimu kaskazu aktivacija noved pie signala amplifikacijas
pieauguma geometriska progresija
Signal
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Signala parneses modularitate Signal

Proteini ar multivalentu afinitati ‘ ’
veido daudzveidigus

sighalkompleksus no savstarpéji
mainamam dalam

aaaaaa

ane
OOOOOOO i i
3 Sos
S
in

Response



Signala desensitizacija/adaptacija

Receptora aktivacija iedarbina Signal
atgriezenisko saiti, kas vai nu )
izslédz receptoru vai nodrosSina ta @

aizvakSanu no sunas virsmas
® Receptor

Response



Signala desensitizacija/adaptacija

receptor signal

protein molecule
O Vv
) \I.)
,( & (u
=
| @ ]
|I i
| -
endosome
lysosome
RECEPTOR RECEPTOR
SEQUESTRATION DOWN-REGULATION

Lielakoties signala desensitizacijas procesam pamata ir

.

RECEPTOR
INACTIVATION

fosforilesana vai ubikvitinesana

intracellular
signaling protein
|

®
-

INACTIVATION OF
SIGNALING PROTEIN

]
!
/ /
inhibitory A
protein i

PRODUCTION OF
INHIBITORY PROTEIN



Signala desensitizacijas veidi

receptor signal
protein molecule

Y @

~—

&

e/

|
|

endosome

RECEPTOR
SEQUESTRATION

lysosome

RECEPTOR
DOWN-REGULATION

Aktivacija var veicinat receptora
internalizaciju endosomas

Receptors talak var tikt novirzits
uz degradaciju vai nogadats
atpakal Sunas membrana



Signala desensitizacijas veidi

Receptora
inaktivacija var notikt
fosforilejot ta
iekssSnas rajonus vai
ieksStunas signala
proteinus

Receptora aktivacija
var veicinat ta
inhibitoro proteinu
produkciju

RECEFTOR
INACTIVATION

intracellular
signaling protein
|

INACTIVATION OF
SIGNALING PROTEIN

_.l'f :
inhibitory i
protein Lt

PRODUCTION OF
INHIBITORY PROTEIN



Signala desensitizacijas piemers

activated desensitized
GPCR GPCR
. [ [
ACTIVATED ARRESTIN BINDS
GPCR STIMULATES TO
e GRK TC P PHOSPHORYLATED
PHOSPHORYLATE GPLR
THE GPCR ON
\ MULTIPLE SITES ﬁ —
arrestim
GPCR klnase (GRK)
Receptora Var piesaistities Pie fosfata
aktivacija izmaina kinaze, kas atlikumiem var
ta iekéédnas mm) pievieno fosfata mm) piesaistities
konformaciju grupas noteiktiem proteins arestins,
aminoskabju kas inaktive

atlikumiem signala parnesi



Atgriezeniska saite

stimulus —-—% —_ ?

positive feedback

stimulus —--}% —- F

negative feedback

Atgriezeniska saite var but gan
pozitiva, gan negativa

inactive
enzyme

signaling l

active
enzyme

ligand §
binding site
for enzyme H
product /
active
site

active
enzyme
- -

-

enzyme \

substrate !
BINDING OF TWO enzyme
MOLECULES OF product
ENZYME PRODUCT

very active

' ‘ enzyme
v

Allostériska atgriezeniska saite




Signalu integracija

Diviem signaliem ar pretéju
metabolisko efektu
regulatorais iznakums (Stnas
atbilde uz signalu) veidojas
no integréta abu receptoru
signala

Signal 1 Signal 2
V

Receptor
1

}

Xl or 1V, ¥X]lor 4V,

Y

Net A[X]or AV,

}

Response

[X] - sekundara mesendzZera X koncentracija
Vm — membranas potencials



Atbilde uz signalu

Graduals atbildes pieaugums, veidojas, ja signala ietekmé
atbildes reakcija pieaug pakapeniski

Sledza princips — pie noteiktas signalmolekulas
koncentracijas veidojas maksimala atbildes reakcija

response

concentration of signal molecule



Atbilde uz signalu

Efektoras molekulas
koncentracija var
ietekmeét atbildes
reakcijas raksturu

% of maximum activation of target protein

100

80

60

40

20

0.5 1.0 1.5
relative concentration of effector molecule

2.0



Sledza principa realziacija

Proteinkinazes A aktivacijai nepiecieSamas cetras cAMP
molekulas

inactive

PEA,
regulatory inactive complex of s
subunit catalytic cyclic AMP and active catalytic

subunit regulatary subunits subunits



Atbilde uz signalu

Sinu populacijas pétijumos
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Graduala vai slédza principa atbildes reakcija



Signala parneses
efektivitate telpa un laika
Lai visi signalcela iesaistitie

elementi satiktos nepiecieSams
tos koordinét

» Signalkompleksi ir proteini, kas palidz veidot telpa un
laika efektivaku signala parnesi

» Lipidspecifiskie membranu mikrodomeni (/ipid rafts)
specifiski rajoni Sinas membrana, kur koncentréjas vairaki
membranas proteini



Signalkompleksu darbiba

inactive receptor signal molecule

activated receptor

CYTOSOL plasma membrane

scaffold
protein

-
T ‘\;

inactive
intracellular
signaling proteins

activated
intracellular
,_ signaling proteins

-
“n \‘;

a4 E
.

. A
I

\

downstream
signals

Signalkomplekss var saistit efektoros proteinus. Receptoram

aktivejoties sakas signalkaskade, kas noved pie funkcionalam izmainam
sSuna



Signalkompleksu darbiba

signal molecule

inactive receptor

activated
intracellular — ={
signaling
proteins

activated receptor

inactive f

intracellular

3

signaling Yy
proteins \& ~
downstream

signals

Péc receptora aktivacijas var tikt saistiti efektorie proteini un uzsakta
signalkaskade, kas noved pie funkcionalam izmainam suna



Signalkompleksu darbiba

specific phospholipid signal molecule

inactive molecules activated receptor
receptor (phosphoinositides)

hyperphosphorylated
phosphoinositides

downstream

activated intracellular .
signals

signaling proteins

inactive intracellular
signaling proteins

Receptora aktivacija var novest pie specifiskas fosfolipidu
fosforilacijas, kas péc tam kalpo efektoro enzimu piesaistei



Signalkompleksu darbiba

Adaptorie proteini var veidot kompleksu kompleksus

1. Insulinam piesaistoties pie receptora, noteikti ta ieksstnas rajoni
tiek fosforileti

extracellular

‘ signal molecule phosphoinositide plasma
VYV - - & docking sites membrane
2. lekssunas telpa tas <
piesaista IRS1 proteina PTB cvrosoL
domenu

k /:E——Sos
3. PH domens saistas ar activated

inositolfosfata atlikumiem
un fiksé So proteinu iekséja
membré nas da!é IRS1 (docking protein)

scaffold protein

4. Tas veicina paréjo signalkompleksa sastavdalu piesaisti un
turpmaku signalkaskades aktivaciju



Signalkompleksus veidojoso proteinu uzbuve

Binding targets

. Proline-rich protein
.~ ormembrane lipid PIP;
Adaptor —4 sns D4 snz\— sna \— Grb2
ol A o A o O Tyr<P)
O v-®
Adaptor @ “sH2 \— She -
P ) () pip,
( ‘) Phospholipids (Ca2+-dependent)
Kinase ~ SH3 \'\_' suz\- Tyr kmase Src DNA
OV —— =
| Transcriptional activation
Phosphatase SH2 SHZ —-Tyr phosphatase -Shp2 ~_ Carboxyl-terminal domain
b/\ J & ‘ | marking protein for attachment
of ubiquitin
Ras signaling —/ SHZ\—/ SH3 \—-( SHZ\—(PH /—\ C2 — GTPase-activating I—RasGAP

x/ A A o A o A

Transcription DNA SH2 \T_ TA STAT
. § U

Signal regulation —sH2 socs sOCs
e~ —

Phospholipid second- _/p, "\ 'IWJ’H SH2 \»—/SHZ s sua ™ !PH\ pLC H cz '-—PI.C'Y
messenger signaling /| 1/ =) \f\_)l o~



(a)

Signalkompleksu
veidojoso proteinu:

* Aktiva konformacija
nodrosina substrata
fosforilaciju

* Neaktiva
konformacija veidojas l
autoinhibicijas

rezultata (proteina rajoni

mijiedarbojoties veido neaktivo
konformaciju)

Active; substrate
positioned for
phosphorylation

Autoinhibited

(b)

I

Ser—OH

| |

Ser—@)

(22 Active
Ser—OH )~ site
| O
Ser—OH \ GSK3

',\/“G—I/ycogen \,
\synthase V.
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(.. N
i'l ‘vl (" o \
Sel:-@)

N =
B,




Signalkompleksu e s
veidojoso proteinu 4 .. am Y

[ SN a%) [ A Q)
pétnieciba [ S\t [ \® XK

e A | \~ 7

/| KsR L KSR |
' : .' R - , e

Noteiktus rajonus 1 & @
proteina aizvietojot \24) -

;e = \ " = ek D)) \ ek
(mutagenizéjot) \mash o>
iespéjams pétit $o |

- 7. (a) Strong output Weak output
proteinu regionu
.o KSR mutant lackin
fu N kC |J as .g Erk photsphtorylatign sites
‘g_ Wild type
:
=

(b) Time



Lipidspecifiskie membranu mikrodomeni (lipid rafts)

Raft, enriched in
sphingolipids, cholesterol
l

Ipasi bagati ar
* Piesatinatam taukskabém Cholesterol szred
piesaistitiem protemiem ey L S
* GPl-saistitiem proteiniem ; §
s Sy b
Signala parneses procesa lipid ‘
rafts nodrosSina:
* Signalcela iesaistito proteinu . ”{*\}‘
kontakta nodrosinasanu — =
* Aizsarga no proteinazu un e WO —
fosfotazu iedarbibas T

in rafts to promote signalling



Signala uztvere un

parnese

/ I\
X

A ¢—

extracellular signal molecula
|

receptor protein\ |
plasma membrane
___....-—-'-'-__
\---""'"""__ _ CYTOSOL
’:',1*1,\\‘ PRIMARY
TRANSDUCTION
SCAFFOLD
RELAY
EXTRACELLULAR SIGNAL MOLECULE
RECEPTOR PROTEIN ]
TRANSDUCE AND
I'J'J'J'il'll AMPLIFY
— plasma membrane of P00 0090
target cell l
¢
N ) I’
Y r'e
v INTEGRATE
T
INTRACELLULAR SIGNALING PROTEINS }
i K ' B > Lo
——— — ri‘ T~ < —— SPREAD
. .H ANCHOR
iy |
MODULATE

”II.‘ I

nuclear envelope

///3

EFFECTOR PROTEINS

metabolic  gene regulatory  cytoskeletal
enzyme protein protein NUCLEUS
l l l activated effector protein EFFECTOR PROTEIN
i 1 activated gene ACTIVATION
altered altered gene ah:: = __ !
metabolism expression shape or ona
movement signal response l
element

GENE TRANSCRIPTION



Proteinu sotresana un
translokacija membrana



Kadel ir nepiecieSama proteinu sortésana?

Growing protein
Aminoadds  Chemical bond forms

Proteinu sinteze

\ 4

Proteinu funkcijas:
> Sanas citoplazmas protein
n

i
> Slinas membranas proteini

Atth ribosome, the RNA's message
is translated into a specific protein.

target cell

EXTRACELLULAR SIGNAL MOLECULE
RECEPTOR PROTEIN
— plasma membra

‘ INTRACELLULAR SIGNALING PROTEINS

/N

x - [[=—" ) EFFECTOR PROTEINS

metab I gene regulatory  cytosl k I t I
enzym pr tei pro
Itered Itered gene Ith “EEEl
metabolism expression ape or
mmmmm t



Membranas proteinu sortesana suna

* 15-60 aminoskabju atlikumus garas signalsekvences nodrosina
proteinu sortésanu suna

Signalsekvences péc sotesanas:

1) Signalpeptidazes var tas noskelt un gala proteina signalsekvence

nesaglabajas

2) Tas saglabajas proteina

FUNCTION OF SIGNAL SEQUENCE

Import into nucleus
Export from nucleus
Import into mitochondria

Import into plastid

Import into peroxisomes
Import into ER

Return to ER

EXAMPLE OF SIGNAL SEQUENCE

-Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

-Ala-  -Lys- -Ala-Gly- -Asp- -
*H3N-Met-Leu-Ser-Leu-Arg-Gln-Ser-lle-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg-Thr-Leu-Cys-Ser-
Ser-Arg-Tyr-Leu-Leu-
*H3N-Met-Val-Ala-Met-Ala-Met-Ala-Ser-Leu-Gln-5er-Ser-Met-Ser-5Ser-Leu-Ser-Leu-Ser-Ser-
Asn-5er-Phe-Leu-Gly-GIn-Pro-Leu-Ser-Pro-lle-Thr-Leu-Ser-Pro-Phe-Leu-GlIn-Gly-
-Ser-Lys- -COO~
*H3N-Met-Met-Ser-Phe-Val-Ser- -Thr-Glu-Ala-Glu-
GlIn-Leu-Thr-Lys-Cys-Glu-Val-Phe-GIn-

-Lys-Asp-Glu-  -COO-



Membranas proteinu sintéze endoplazmatiskaja
tikla
Z1ditaju sunas lielakoties proteinu imports endoplazmatiskaja tikla

sakas vél pirms pilnigas polipeptidu kédes sintézes pabeigsanas — ko-
translacija (co-translation)

Proteinu imports Sunas mitohondrijos, hlorplastos, kodola un
peroksisomas ir post-translacijas process

CO-TRANSLATIONAL POST-TRANSLATIONAL
(A) TRANSLOCATION (B) TRANSLOCATION



Proteinu translokacija membrana

CO-TRANSLATIONAL
TRANSLOCATION POST-TRANSLATIONAL TRANSLOCATION

SRP

SRP receptor 5ec62,63,71,72 \
complex

[ ATP
ADP
CYTOSOL ' ' CYTOSOL CYTOSOL
ER LUMEN v ER LUMEN EXTRACELLULAR
v\ SPACE
Sec61 complex \ BiP

>~

ADP

BACTERIA
ARCHAEA

EUCARYOTES EUCARYOTES BACTERIA
(A) (B) ©



Signalsekvenci atpazistosa dalina (signal-recognition particle)
nodrosSina proteinu sintezéjosas ribosomas piesaisti EPT

small ribosomal subunit

large ribosomal
subunit

/

signal

sequence
on nascent ——

polypeptide
chain

signal recognition signal séquence
(B) particle (SRP) bound by SRP

hinge



Signalsekvenci atpazistosa dalina (signal-recognition particle)
nodrosina proteinu sintezéjosas ribosomas piesaisti EPT

tRNA
SRP AND SRP RECEPTOR

5 BINDING OF SRP
DISPLACED AND RECYCLED

TO SIGNAL
PEPTIDE CAUSES SRP-BOUND
A PAUSE IN
TRANSLATION RACHES T
ATTACHES TO
SRP RECEPTOR

W

IN ER
MEMBRANE

-

TRANSLATION
CONTINUES AND
TRANSLOCATION
BEGINS

mRNA 7_‘
signal sequence
on nascent
polypeptide SRP

CYTOSOL

ER LUMEN

1
protein SRP receptor protein
translocator in rough ER membrane



Polipeptida kédes translokaciju nodrosina — Sec61

proteina komplekss

CLOSED

plug

seam
growing
polypeptide
/. chain
signal _
peptide displaced

OPEN plug
(B)

small ribosomal
subunit

protein-conducting
channel in large
ribosomal subunit

large ribosomal
subunit

protein translocator
in ER membrane

©



Udent $kisto$u proteinu translokacija, $kérsojot

siinas membranu
( e free ribosomal '

CYTOSOL
L4

cleaved signal

peptide closed

translocator

signal sequence
on growing
polype_ptide
ceavage \_ e
OF SIGNAL

PEPTIDE

mature
polypeptide chain



Transmembranas proteina translokacija

start-transfer
sequence
N

stop-transfer
sequence

CYTOSOL

ER LUMEN

signal
peptidase

hydrophobic hydrophobic
stop-transfer-  start-transfer-
peptide- peptide-
binding site binding site
| |
translocator protein

l -
mature transmembrane protein
in ER membrane



START un STOP translokacijas sekvences

) 3 9

Q NH,

COOH NH,

stop-transfer
sequence

start-transfer
sequence

CYTOSOL

| =

ER LUMEN |

|
hydrophobic hydrophobic
stop-transfer-  start-transfer-
peptide- peptide-
binding site binding site
I |
translocator protein

mature transmembrane protein
in ER membrane




Transmembranas proteina translokacija
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Kuram proteinam signalsekvences saglabajas un kuram
tiek noskelta?

Glycine-
rich loop
‘ (P-loop)

C-helix

- Activation
loop

Proteinu kinaze Adenilil ciklaze



Oglhidratu piesaiste sunas
membranai



Extracellular

Binding of viruses
and bacteria

% r Binding of cholera

i \ Furcticaal toxin and patho- e I
ulation of genic Escherichia

s coli 0-157 toxin

growth factors

r?\ hﬂ(gﬁﬂl@!g[ﬂﬂﬂa' Functional regulation of  3nd receptors g
A4 S : hormones and immunity

of anb_odies

Nucleus

Golgi apparatus
gtapp Transcriptional

regulation of genes
L . A
Glycosyltransferase Endoplasmic reticulum v

o
% Addition of

sugar chain "):‘,5.‘ Protein quality

control

Sdnas virsmas oligosaharidu parklajums nodro&ina daudzus batiskus
sunas fiziologijas aspektus



Proteinu glikozilacija

Lielaka dala proteinu (gan tdeni skistosie, gan
membranas proteini), kas tiek sintezéti graudainaja EPT
tiek glikozileti

Citosola sintezéetie proteini reti tiek glikoziléti un to
cukura atlikumu modifikacijas ir “vienkarsakas”

(b) N-linked Examples: (a) O-linked
T Ob‘“ Asn
HOCH , w

(o} o
H W NH —C—CH ,—?H C|H Examples:
o\OH H /| NH : o @ Ser/Thr
j Asn. HO /'y H Ser C=0
H NH |
l_ H\OH H 0—CH ,—cln
GlcNAc | M GIcNACc NH
CH, @ Man H f‘llH =
O Gal 2 er/Thr
@ Neu5Ac @“ Asn GalNAC C| =0
[J GalNAc CH,

90% no visiem glikoziletajiem proteiniem



Proteinu glikozilacija

Ar asparginu-saistitie (N-linked)
prekursorie oligosaharidi tiek
pievienoti proteiniem lielakoties
graudainaja EPT

Glikolizéti tiek tikai aspargini, kas ir
Asn-X-Ser vai Asn-X-Thr (X —
jebkura ask. iznemot Pro)

Sadu ask. sekven¢u funkcionalo
specifiskumu nosaka evolucijas
selektivais spiediens

—.H\Hf |

H (i.'} [,
asparagine { C =0

side chain |
NH
|

b. glucose = ‘
mannose = ‘

N-acetylglucosamine = L'

COOH



Proteinu glikozilacija grEPT

* Oligosahariltransferaze —
nodrosina oligosaharidu
prEku 'SOra piesaiSti oligosaccharyl

_ transferase
proteinam

NH, rough ER

\

CYTOSOL

e Dolihols — saita

prekursoro oligosaharidu ER LUMEN

growing

:'z/% polypeptide chain

“ o3

lipid-linked

oligosaccharide ‘:



Oligosaharidu atlikumu “processings”

Fructose-6-P

CDG-Ibl { A‘sn protein backbone B N-acetylglucosamine
Mannose — Mannose-6-P " © mannose
CDG—Ial @[\/W\ dolichol phosphate e glucose
Mannose-1-P ® phosphate A fcone
l CL;: ribosome O galactose
L 2

GDP-@

sialic acid

Cytoplasm l Lysosome
® ® ]
5 < o

F1iph

mnommuqss". ﬁ K

)

L . Kcpe-11a Y’ cpe-114, £
I{ Asnﬂq il {* ésn ( Asn-’.{: { Asn_:..{:
5 @
Trans-Golgi
ER Cis-Golgi _Medial-Golgi and

trans-Golgi
network



Oligosaharidu atlikumu

“processings”

Glikozidazes un

glikosiltransferazes ir enzimi, kas

nodrosina oligosaharidu

procesingu

glucosidase |

glucusldau, n
I

%o

ER LUMEN
KEY:

N-acetylglucosamina
mﬂ”“ﬂ&ﬂﬂS&' 9

30 I-:_||

apparatus

SOATING
» phosphorylation of
oligosaccharides on

lysosomal proteins
» removal of Mano

» removal of Man
« addition of GlcNAC

& addition of Gal
# addition of NANA

« sulfation of tyrosines
and carbohydrates

SORTING

/ \
VAR N

lysosomie s ma BOGIAReTY
membrana vasicle
2 UDR =)
Golgi 3 UBP —)
mannosidase |l
3 CMF
‘s @ >

H mannosidase & “F W
[l
[
0

high-mannose
oligosaccharide

next [

added hare

Endo H-
SEMNSAAE

Endo H-
resistant

GOLGI LUMEN

complex
oligosaccharide

[ = N-acetylglucosamine [GleNAc) @ = mannose (Man) ) = glucose (Glc) () = galactose {Gal) . N-acetylneuraminic acid {sialic acid, or NANA)

cig Gaolgi
nelwark

i

clstarns

FT1é 1 Galg
cistern stack
frars

cisterna |
trans Golgi
netwark



GPlI membranas proteini

Glikozilfofatidilinositol-saistitie membranas proteini veidojas
EPT

cleaved C-terminal

glycosylphosphatidylinositol COOH peptide

CYTOSOL COCH

ER LUMEN o —

HzN‘P P MP

NHz P
’ inositol

protein bound
to membrane
by GPI anchor

v— NH;z




Siinu membranas kl3j oligosaharidi

trangmembrane  adsorbed transmambrane
glycoprotein

Glikoziletie membranu proteini
nodrosina Sunu virsmas

parklajumu ar oligosaharidu
atlikumiem

CYTOS0OL

* Glikoproteini un glikolipidi - kovalenti saistiti ar
oligosaharidiem

* Proteoglikani — kovalenti saistiti ar polisaharidiem



Membranas proteinu
transports uz sunas virsmu



Membranas proteinu transports uz sunas virsmu

ENDOPLAZMATISKAIS TIKLS

GOLDZI

VELINA ENDOSOMA SEKRETORA
l VEZIKULA
LIZOSOMA
AGRINA ENDOSOMA

|

ARPUSSUNAS TELPA




Proteiniem parklato vezikulu aprite

late r:r:_l:lg early
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 Ar klatrinu parklatas vezikulas nodrosina transportu no
sunas virsmas uz Goldzi

* Ar COPI parklatas vezikulas atdalas no Goldzi un var
virzities gan uz EP, gan plazmatisko membranu

* Ar COPII parklatas vezikulas virzas no EP uz Goldzi



Klatrins

 Klatrina monomeéru veido tris smagas kédes un tris
vieglas kédes atzari
e Savijoties kopa Sie atzari veido organizétu rezgi

(Al




* Transportmolekulu receptori — specifiski saista
transportmolekulas

* Adaptini — saista specifiskus transportmolekulu
receptorus ar klatrinu

* Diamini — veido gredzenveida strukturu ap vezikulas
pamatni un veicina atdalisanos

y N
naked transport
vesicle

CYTOS0OL

cargo malecules

COAT ASSEMBLY BUD VESICLE
AND CARGO SELECTION FORMATION FORMATION SADILL LN



COPII parklatas vezikulas

COPll-coated vesicle

inactive, soluble
Sar1-GDP

active, membranea-
bound Sar1-GTP

guanine-nucleotide-exchange
factor (GEF) Sar1

Al (B}

* Vezikulas apvalku veidojosa GTPaze Sarl nodrosina

membranas proteinu saistibu ar COPII proteinu
subvienibam

e Saistita GTP hidrolize nodrosina vezikulas “demontazu”



Vezikulara transporta koordinesana

Rab proteini specifiski lokalizéti iekssunas strukttru

membranas
Proteins | Organella
Rab1l Endoplazmatiskais tikls un Goldzi komplekss
Rab2 cis Goldzi tikls
Rab3A Sinaptiskas vezikulas, sekretoras granulas

Rab4/Rabl1l Parstradasanai domatas endosomas

Rab5A Plazmatiska membrana, ar klatrinu parklatas vezikulas, agrinas endosomas
Rab5C Agrinas endosomas

Rab6 Medialais un trans Goldzi tikls

Rab7 Vélinas endosomas

Rab8 Agrinas endosomas

Rab9 Vélinas endosomas, trans Goldzi tikls



SNARE strukturas

e Katram vezikulas vSNARE ir
atbilstosais mérkstrukturas
tSNARE

e vezikulas ar dazadiem
VSNARE specifiski transporté
dazadas transportmolekulas

* tSNARE izvietojums nosaka
vezikulas galmerki

Cytosol

Secretory
vesicle

Neurotransmitter-filled vesicle
approaches plasma membrane.

~~ Neurotransmitter molecules

e \___v-SNARE

SNAP25

\x (/ t-SNARE
|

Plasma membrane

v-SNARE and t-SNARE bind to
each other, zipping up from the
amino termini and drawing the
two membranes together.

Zipping causes curvature

and lateral tension on bilayers,
favoring hemifusion between
outer leaflets.

Hemifusion: inner leaflets of both
membranes come into contact.

Complete fusion creates a fusion
pore.

Pore widens; vesicle contents
are released outside cell.



* Rab proteini koording, uz kurieni vezikula tiks nogadata
* SNARE strukturas nodrosina gan koordinésanu, gan
lipidu slanu saplusanu

___ uanine-nuclectida-
Rab-GTP axchange factor (GEF)

soluble
H:lb GOP

GDP dissociatic Ipd

inhibitor (GDI)

GTP
hydrolysis



Stinu komunikacijas un signala parneses
veidi

* Ar G proteinu saistitie receptori

‘ Signala uztver$ana

* Enzimsaistitie receptori
e Receptoru guanililciklazes

* Ligandu atkarigie jonu kanali
* Adhézijas receptori
* Nuklearie receptori

Signala parnese

lzmainas sunas funkcionalitate



Nakamaja lekcija

*Ar G protelnu saistitie receptori
* Enzimsaistitie receptori

(B) G-PROTEIN-COUPLED RECEPTORS

signal molecule

inactive inactive inactive activated
receptor G protein enzyme receptor and
G protein

(C) ENZYME-COUPLED RECEPTORS
signal molecule \M
in form of a dimer

L

OR

inactive catalytic
domain

active catalytic
domain

Light

: pigment

400 450 500 550 600 650
Wavelength (nm)

Tooptic Ganglion Interconnecting
nerve  neurons neurons

activated
enzyme

activated G protein

',,. signal molecule

L.

activated
associated
enzyme




