ala

dClja un sign

unas komunika

S

parnese



Cell-Cell Communication

Lekcijas saturs:

.
-
- .
b 25 -
L
o .
V) Basadlorssases SAL S cocsatess Lantsl o sa

Receptoru guanililcilkazes

Ligandu atkarigie jonu kanali

Adhézijas receptori

Nuklearie receptori

Signalsistémas augos, raugos un baktérijas



Receptoru guanililciklazes



Guanililciklazes ir receptorenzimi, kas parvers GTP par ciklisko GMP

Guanosine 3,5
cyclic monophosphate
(cGMP)




cGMP aktive proteinkinazi G ( cGMP atkariga proteinkinaze), kas
fosforile Ser un Thr atlikumus mérkproteinos (var but gan saistita
pie receptora membrana, gan skistosa veida citosola)

ANF Guanylin and
receptor endotoxin receptors

Extracellular Ligand-binding
ligand-binding site

(receptor)

domains

COEEEEEEEEEEET POt PR POCE] PERROEEOEEEEEEEEEE0

955999999988 940% XOOOOOOOOOOOOOOO0

Intracellular _
catalytic /

(cGMP-forming) Heme v
domains GTP  c¢cGMP
Soluble
Membrane-spanning NO-activated
guanylyl cyclases guanylyl cyclase

(a) (b)



Fiziologiska nozimiba nieres

* nierés nodrosina jonu
transportu un H,0
uzsuksanos

Parlieku liels sirds muskula
iestiepums (palielinata asins
daudzuma plusmas dél) nodrosina
atriali natriurétiska faktora
sekréciju, kas nierés aktivé GC
receptoru. [cGMP] pieaugums
nodrosina Na* izdalisanos un
osmotiska spiediena izmainas
noved pie pastiprinatas H,0
uzsuksanas

ANF
receptor
Extracellular
ligand-binding
(receptor)
domains

..............
...................

~
Intracellular _

catalytic /7 |
(cGMP-forming)
domains




Fiziologiska nozimiba zarnu trakta

O
0 ( NH,
AR
\ NH FN}_ / \I/OH

e zarnu trakta nodrosina
jonu transportu un H,0
uzsuksanos

* pie Siem receptoriem var
piesaistities endotoksini un
izraisit diareju

Guanylin and
endotoxin receptors

vvvvvvv
......

vvvvv
AAAAA
. N

Ligand-binding
site

------------------------




Fiziologiska nozimiba asinsvados

(B)

activated
nerve terminal

— ——acetylcholine
\
\J activated NO synthase (NOS)
n /

{
A &
e & @
arginine

9 ©® ®
N

° RAPID DIFFUSION OF NO
ACROSS MEMBRANES

endothelial cell

e Acetillholins aktive NO
sintezi

*NO parakrini difundé uz
blakus esoSajam sunam

NO bound to
guanylyl cyclase

||||||

GTP g,f,:}f RAPID RELAXATION

OF SMOOTH MUSCLE CELL /

smooth muscle cell

* NO aktivé brivi citosola
atrodosos guanililciklazi

* Gludie muskuli relakséjas un
asinsvads paplasinas



Ligandu atkarigie jonu kanali



Signala parnese sinapse

Stimula ietekmeé presinaptiska neirona plazmatiska
membrana tiek depolarizéta, ka rezultata aktivacijas
potencials virzas pa aksonu

Voltage-
- Axon of gated K*
-~ presynaptic /channel
neuron
Voltage- ~ ~ s At

ated Na* e
ghannel ) :0 Depolarization 9 Repolarization
Na*>4‘s

K.

Na*

Ca2+ —



Tris sprieguma regulétie jonu kanali:

1. Na* kanali uz mirkli atveras un depolarizé membranu
ielaizot ieksa Na* jonus

2. K* kanali depolarizacijas signala ietekmé atveras un K*
joni tiek izpumpeéti ara K* joni un notiek repolarizacija

Voltage-
- Axon of gated K*
- presynaptic /channel
neuron
Voltage- * - T At

ated Na* = oo
J ' :o Depolarization Q Repolarization

channel .
Na*>’€'ﬂ

KQ

Na*

Ca2+ —



3. Ca%* kanali atrodas aksonu distalajos galos, pie sinapses
un atveras, kad tos sasniedz aktivacijas potencials. Tie
ierosina acetilholina vezikulu izmesSanu sinapsé

Voltage-
- Axon of gated K*
{ 5 presynaptic J channel
neuron
Voltage- * - ekt

ated Na*
9 ' ‘Q Depolarization e Repolarization

channel o . _
+>  i
Na 5 KQ

Na*

Ca2+ —F



Aksona gala aktivacijas

potenciala ietekmé atveras

Ca?*kanali un ieplust Ca%*
joni

Tas nodrosSina acetilholina
sekréciju sinapsé

Acetilholins piesaistas
postsinaptiska neirona
acetilholina receptorajiem
jonu kanaliem

Na* /“i
ca2+ _—-*‘

Voltage-

gated Ca“\,{_«
channel ¥

3

Secretory
vesicles
containing
acetylcholine

| Synaptic
cleft



Acetilholina atkarigie jonu /& (-
kanali tiek atverti, Suna . Na*,Ca?* j' '

iepldst Na* un Ca?*joni, kas
depolarizé postsinaptiskas

O ca body of

postsynaptic
$inas membranu Acetylcholine "

receptorion

channels
Postsinaptiksas stinas Action "

potential

aktivacijas potencials tiek
nodots talak



Signala parnese sinapse

Lidzdarbojas Cetri jonu kanalu
veidi:

* Na* jonu kanali

e K* jonu kanali

* Ca%*jonu kanali

* Acetilholina atkarigie jonu
kanali

Voltage-

2 Axon of gated K+
.~ presynaptic channel
neuron _
Voltage- = ~ &'5’—\'(*
ated Na* |
3hannel : :o Depolarization e Repolarization
Na* —8—a 5
Na*
Secretory
Voltage-  *+ - vesicles
gated Ca?*—(_ containing
channel /- acetylcholine
- & Synaptic
k2 e 02 ycle?t
: %
%5 e 70 o
10 3 "
2 Ccart °4

postsynaptic

neuron
Acetylcholine

receptorion

channels
k K+

Action
potential




TYPICAL NMDA - TYPE

Jonu kanalu veidi § 7}

1. Liganda atkarigie

jonu kanali -

Examples: nAChR, GABA,, Examples: NMDA
5-HT,, IP;R, RyR

e Lielako dalu liganda atkarigo jonu kanalu veido Cetras
vai piecas subvienibas, kura katra sastav no vairakiem
transmembranu rajoniem

* Dalai jonu kanalu struktura ir “poru veidojosas cilpas”

* N-terminalais gals satur liganda piesaistes vietu



2. Kalija jonu kanali

6T1P 2T1P 4T2P

N C N C N C
Examples: Voltage-gated Examples: Inward-rectifying Examples: Resting K*
K* channels, TRP channels K* channels, P,XR, ASIC, channels

ENaC, degenerins

* Daudzveidiga strukttra, parasti sastav no ¢etram
subvientbam

 Strukturas sastava var but “poru veidojosas cilpas” un
sprieguma jutigie rajoni



3. Natrija un kalcija jonu kanali

 Katra subvieniba sastav no 6 transmembranas spiralém

 Parasti Cetras subvienibas, ko veido viena polipeptidu
kéde

 Strukturas sastava var but “inaktivéjosa cilpa”



Sprieguma-reguletais Na* kanals

Sastav no 4 domeéniem, ko veido 6 transmembranu
o spirales

Selectivity

Domain: | Il I \Y, filter

r A N r A N r S A r A a Y (pore
Outside region)
:(;ﬂ - ~ <

- A IS\ 2
InsideC . J 12345 6 l% & e

NH; —00C gate

Inactivation gate Voltage sensor



Sprieguma-reguletais Na* kanals

Selektivitates filtrs — nodrosSina specifisku Na* jonu

uztversanu
Selectivity
Domain: | Il I \Y, filter
—t— = 7 . (pore
Outside region)
e \ Joe N
Inside( N — 1)2345 6 l% A exfatton
NH; —00C gate

Inactivation gate Voltage sensor



Sprieguma-reguletais Na* kanals

Inaktivacijas cilpa - noslédz kanalu, péc Na* jonu

ieplusanas
Selectivity
Domain: | I 1 v filter
—t— = 7 . (pore
Outside region)

Jrs \ J N
Inside( N — 12345 6 l%Activation
NH, -00C

gate
Inactivation gate | Voltage sensor



Sprieguma-reguletais Na* kanals

Sprieguma sensors — TM4 doméns, saturs vairakus Arg atlikumus un
sprieguma ietekmeé virzas ara no membranas un atver kanalu Na*
joniem

Selectivity
Domain: | I I \Y, filter
et = e ey (pore
Outside region)
e \ Joe N
Inside( N — 1)2345 6 l% B enfton
NH3 — (M) sl te

Inactivation gate

Voltage sensor



Sprieguma-reguletais Na* kanals

Extracellular
funnel

“Selektivitates filtrs” starp 5. un 6. Selectivity |

QU
L ) ~
- T filter | )
transmembranas spirali - {‘:’ |
cavity

4

7

- S,

Activation

“Inaktivacijas slédzis” stap Il un IV gate | /

domeénu I Voltage sensor

Selectivity
filter (pore)

“Sprieguma sensors” 4.
transmembranas domens

Activation gate

Tether l Inactivation gate (open)



Sprieguma-reguletais Na* kanals

“Sprieguma sensors”
4. transmembranas

domens

Outside Activation gate
+++++++ e
CAAARNAANA f ) ) T RARARMANRNNG
- -
- -
- ~
25 - (/ \ LN
————-—-‘\__d: \\)tj__)_ 2 b S N " &
Inside —Voltage sensor
Membrane polarized,
channel closed
o Na+, Adueousion channel
Outside - ©
LIy VA
g S Ty / j .
OO0 +T "‘ L FPOOCCOOOOC
e
- | |5
I d;: | 1 jd; LA ( { )
Inside ©
o\" Na* ¢

Membrane depolarized,
channel open



Acetilholina receptorais jonu kanals

To veido pieci transmembranas . . f
domeni: Subunit folds into four

. . : transmembrane o helices
divi ot un pa vienam 8, yun 6

domeéniem fiH3 il
Katru doménu veido Cetras a 4
iral
spirales M1 -~ M3
H;C— Cfo C|H3 v

O—CH, — CH,—~N— CH,

|
CH,

Acetylcholine



Acetilholina receptorais jonu kanals

(b) M2 amphipathic helices (c) Acetylcholine
surround channel binding sites

Outside

M3-4 helices

(e)

Piecas homologas subvienibas
(a,,B,v,6)

Cetras transmembranu spirales
(M1, M2, M3, M4)

A AKX b
v Acetylcholine
binding sites



Acetilholina receptorais jonu kanals

Closed

Bulky, hydrophobic
Leu side chains of
M2 helices close
the channel.

Open

oo

2 acetylcholine

—
Binding of two M2 helices now have
acetylcholine smaller, polar residues

molecules causes lining the channel.
twisting of the
M2 helices.



Neirotransmiteru aktivetie jonu kanali

. . Kimiskais . = =
Neirotransmiters . . Aktivéetie jonu kanali
raksturojums

Acetilholins
Glutaminskabe
yaminosviestskabe
Glicins

Serotonins

Oglekla monoksids

Adenozina
trifosfats

acetilholins

aminoskabe
aminoskabe
aminoskabe
monoamins
gaze

fosfats

Acetilholina rec.

NMDA, AMPA, Kainate rec.
GABA,, GABA,-p rec.

Glicina rec.

5-HT,

K* kanaliem piesaititais hems
P2X rec.

K*, Na* (Ca*)
K*, Na*, Ca?*
Cl-
Cl-
K*, Na*, Ca?*
*

Na*, Ca?t



Toksini bloke jonu kanalus

Melna mamba - dendroksins (vairaki
toksini ar dazadiem mérkiem starp tiem K*
kanali un acetilholina r.)

Naja kobras — a-kobratoksins acetilholina
r. antagonists

Balonzivis (Tetraodontidae) —
tetrodotoksins Na* kanalu antagonists




CHANNEL

Jonu kanalu farmakologija BLOCK

Tetrodotoxin
Saxitoxin
Conotoxins

Virkne medikamentu un
daba sastopamu toksinu
darbojas tiesi
piesaistoties jonu
kanalam

BLOCK OF
INACTIVATION

Veratridine
Batrachotoxin
Scorpion toxins
DDT, pyrethroids

CHANNEL
BLOCK

Local anaesthetics
Antiepileptic drugs
(e.g. phenytoin)
Antidysrhythmic drugs
(e.g. disopyramide)



Jonu kanalu regulacija var notikt art ar mediatoru
starpniecibu

ALTERED

GATING
* Tiek aktivets ar G proteinu (GPcR ligands )
saistitais receptors ' |
GPCRs
* Notiek noteiktu proteinkinazu l .~ —
aktivacijas, kas talak var fosforilét
aminoskabju atlikumus jonu Becond Imesesngers
kanala ieksstnas telpa l ?
* |Izmainoties jonu kanala T |
konformacijai var mainities ta @H s
aktivitate



Anti-diabeta preparata darbibas mehanisms

O 0 O

\ 7/
Sulfonylurea S"‘“N)LN“’HE
H H
R

Palielina insulina sekréciju no aizkunga dziedzera B sinam



Sulfonylurea darbibas mehanisms

ATP-dependent
. o potassium
Sulfonylurea piesaitas channel
pie ATP-atkarigajiem K+ Sulfonylurea
kanaliem B stinu virsmas \ Cell

membrane
Tas inhibé K+ jonu /—Qﬂ\/

ieplusSanu suna \0‘\\_;
~) Membrane
: depolarization

2

9
.9
K" o
O O ©

3

\
2



Sulfonylurea darbibas mehanlsms

Voltage

gated calcium
Cell channel
mcmbfanc
B sStinas tiek \o\
depolarizétas un Membiane B T
- —_ epolanzation —
atveras Ca** kanali > @)
Ca*

9

Insulin
secrelion

o -
0
/‘ 0/ Q

Ka S Sti mu Ié C‘a"g::n 1 \o/hO()tOSlS of

insulina sekreciju

Pancreatic
beta-cell

r.SUIm-comammg

granules

Cytoplasm



Adhezijas receptori



Loose connective tissue
with ﬁbroblasls

Red blood cells

Kontakti —

< X

una-suna
* SUna-arpussunas e
matriks

Smooth muscle

Striated muscle cells

W /
Ty
Q Intestinal epithelial cells

e

Daudzsunu organisma funkcionalas integritates
nodrosSinasanas procesi



Citoskeleta nozime
sunu adhezija

Adhézijas molekulas, bez
piesaistes citoskeletam

Adhézijas molekulas
piesaistitas citoskeletam




Galvenas sunu adhézijas molekulu grupas:
* Kadherini
* Selektini
* Integrini
* Adhezivie

. - . HOMOPHILIC BINDING
imunoglobulini | | FETEROPHILIC BINDING
Cadherin Ig-superfamily CAMs Mucin-like Integrin
(E-cadherin) (N-CAM) CAMs (03 By)
( I |
\
Carbohyd rate

o<~ Ca?*-binding
sites

Lectin domain {
b lg domains
&
_ Type Il Fibronectin
fibronectin
’ : repeats Selectins
(P-selectin)

Homophilic interactions Heterophilic interactions



Ka d h e ﬁn i (Calcium-dependent adhesion)

" NH
- » - b
Kadherini — transmembranas Salshumibinding
. - . . = domains
glikoproteini apruveni 700 — 750 ask.a.
Extracellular T Structure of
domain Cadherin &
_ _ . ] = Intergction
Arpussunas daju parasti veido 5 N |evioniion
domeéni, kas saista Ca?* Sekierttn oy
OTCRRT Tran;c,mer(;w-bra;;J\ 0 (0
leksSunas telpa kadherins ar citu T oo
proteinu starpniecibu piesaistas F-Actin ke
Cytoskeletal

Interactions

citoskeletam

Butiski: SUna-sStuna kontaktu
nodrosinasana, embriogenézé, Sunu
migracija, audu strukturu integritates
saglabasana, metastazu attistiba utt.



Kadherini

Ca’* jonu piesaiste izraisa konformacijas
izmainas, ka rezultata kadherini var veidot
savstarpéjus kontaktus

Kadheriniem raksturiga homofiliska
saistiSanas

|

plasma
membrane
of cell 1

HOMOPHILIC BINDING

flexible
hinge region

(8)
38.5nm

> 1 mM Ca2+

e Ca?+

< 0.05 mM Ca?+

™ cadherin repeats

[" -
" g ;_/‘. - )
ll («f?’*&(-,-:"?*:?"“- =
d |

plasma
membrane
of cell 2

N-terminal
cadherin repeat



Kadherini

E-kadheini
N-kadherini
P-kadherini

Sakontéji atklati: Epitélijaudos, neironalajos a., placena

Musdienas atklati vairak ka 80 dazada veida kadherini,
ar dazadu audu izplatibu



classical cadherin
(E-cadherin)

Fat-like cadherins
(Fat) '—"‘*‘

 S——

protein kinase cadherins '_.._
(Ret)

seven-pass
transmembrane cadherins
(Flamingo)

desmosomal cadherin

G e —— N
(desmocollin)
cadherin 23
(Cdh23)
protocadherins
e — i N S N e
(Pcdh v)

T-cadherin ﬂ'.....

INTRACELLULAR EXTRACELLULAR



Kadherinu nozime sunu funkcionalitate

» Epitelialas Slinas, kas ir cieSi savstarpéji saistitas slanu vai

caurulisu veida
» Mezenhimalas Stinas, kas nav savstarpéji saistitas un darbojas, ka

neatkarigas vienibas (sp€jigas migréet)

Epithelial Mesenchymal

Apical Surface

T3 Tight Juntions: £
g -claudin -occludin g g

Adherens Jumlons
QE a E -E-cadherin
-B-catenin

QQ

Basal Surface
Basal Lamina: collagen fibronectin, and laminin Basal Lamina

Trailing Edge
Direction of
Migration

Leading Edge

Matrix-metalloproteases



Epiteliali-mezenhimala tranzicija

Epiteliali-mezenhimala tranzicija ir notikumu kopa, kuras rezultata
epitélijsunas transformeéjas par mezenhimas stinam

Apical polarity  EPithelial cells

complex "\ ity MR, iy MR O AR MLyl N et ST T
- . V) "- u J U ;‘ J U N J
} E-cadherin W_J ‘—%::-K_‘ [y Sy
AdherensjCt Te % ‘ . |
junction | V31€NINS — » f‘J ‘.
\_Actm ‘ ,«;l' /
PR MV VATV RV ANV s i bk abadi
Integrin Basement \J )
membrane e’

EMT procesi:

1. EpitélijSunam samazinas E-kadherinu ekspresija

2. Samazinas integrinu saistiba ar bazalo laminina slani
3. Proteazes aktivi reorganizé citoskeletu, lai lidzinatos
mezenhimas Sunam




EMT audzejos

* Pieaugusa organisma EMT
ierosina audzéja metastazu
veidosanos

* Audzéja sunas zaudé kontaktu ar
primaro audzéju, ka rezultata migré
un var invadeét citus audus

Audzéeju sSinu EMT pamatair :
Kadherinu zudums un citoskeleta
reorganizacija

Tumor progression

Primary epithelial
tumor cell

EMT inducers

Aberrant
activation

\J

Cancer-associated

. Invasive migrator
fibroblast '9 Y

- . tumor cell
) -
/ - )

,/".&_ - ) {' ¢ -——

e Dex e fom b, X > y
»“,‘-' “\:w.’if)’-'
e
{ O
-

"% .. Ar" Y fy .
'» 5
}. 7 £
o : é
& - g



Integrini

Head
region

Leg
region

Ligand

B-subunit
BA domain

o-subunit

B-propeller
Hybrid domain

Thigh B PSI domain
Calf1 } EGF domains
Calf2 : .

B-tail domain

Integrini ir membranas proteini, kas nodrosina sunu
mijiedarbibu ar arpussunas matriksu

Z1ditaju genoma 18 géni kodeé integrinu a subvienibu un 8 — 3

subvienibu



Arpus$unu matrikss

Proteoglycan Proteoglycan

- . “i — o molecule complex Collagen fiber
Arpussunu matriks ir neskistoss ‘ Polysacotaride o e |
makromolekulu tikls, ko sekrete sinas, ¥ R, B2
. . . - V - A 2 LY 7 \‘_/ < S ) S ,\\ \' \,
lai aizpilditu starpStnu telpu Ll 4§$ 25 s

808008000

Arpusinu matriksam ir nozime $unu q Y
migracija, adhézija un strukttru B )

A .. e { SINE
veidosSana, tas nodrosina

. - . . - ntegrin icrofilaments of cytoskeleton
infrastruktiru daudziem funkcionaliem e el

CYTOPLASM

Arpus3unu matriksu veido:

v’ Kolagéni

v’ Proteoglikani

v’ Glikoproteini (fibronektins, laminins)




Integrini

Dazadas kombinacijas un audu specifiskas ekspresijas
attiecibas Sis subvienibas nodrosina daudzveidigu
ligandu specifisku signalu uztveri un stinas fiziologijas
Izmainas

Proteoglycan Cross-linked fibers Fibronectin
of collagen

&
o

HETEROPHILIC BINDING

& )
Integrin .
.
<}

RIS
RS

S LSS IS SS

BBAARBDBRIDDARAADDDAADDA HAADDIDDIDDD D

( 3 SYE(EY X AL A N
L0 o2 0008 e 0000eu 00000 ¢ 200000 000000 0

OISO 195 4
PO PP IIDDID . L9
PPPPPIPSS S ey
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Plasma membrane

Actin filament



Integrinu aktivacija

o

Collagen in

Outside extra.cellylar
matrix triggers
Collagen outside-in signal

T "

-

Responses: cell
adhesion and
migration, assembly of
extracellular matrix

> . <

IO O

@ (A X
e 22 06 080 000 000

e R e e O e Ba e
Inside
Cytoskeleton

Responses: setting of cell polarity,
survival and proliferation, changes

in cytoskeleton and gene
expression

@ s980

2000001 D00 D801 D901 SOSRDINIL00000IDN0A 100DV DDODDDO0L0BDDD \00D 1000DDDDD
* R i, e e T T S A R
200005, OO e s 000 t00000,00%>  0.000500

3

O

Talin in cytoskeleton
triggers inside-out signal



Integrini mugurkaulniekos

mmm

Loti plasa Kolagéns, laminins

a431 Hematopoétiskas s.  Fibronektins, VCAM-1

a, B, T-limfocitos ICAM-1, ICAM-2

B, Neitrofilos un Seruma proteini, ICAM-1
monocitos

B3 Trombocitos Fibrinogéns, fibronektins

a,Bs Aktivétas endotélija  Vitronektins, fibronektins,
S., melanom3, fibrinogéns, osteopontins,
glioblastoma Cyr61

a,Bg Neiralie un perifero  Fibronektins, TGFf1
nervu audi

V/I CAM —vaskulara/intracelulara adhézijas molekula, Cyr61 — Cys bagatais angiogenézes
inducétajs, TGF — transforméjosais augSanas faktors



Integrinu o, B; nozime asins koagulacijas procesa

» Uz trombocrttu virsmas ir
daudzi Stnas virsmas
receptori, kas uztver signalus
par asinsvadu sieninas
bojajumiem

> So receptoru uztvertie
signali tiek integréti un
trombociti aktivéeti

PAF ADP

epinephrine Thrombin

2 Integrin i i< 1R
Arlchldo:lc id Platelet act:::tlon " I I
v ¢ activation Sl o ¢ ¢ ¢

i e , 1 ‘ A

Thromboxane A; 5.HT

vasopressin
afy
integrin

» Uztverot asinsvadu sieninas bojajumus uz trombocitu virsmas

sak ekspreséties o,B;



Integrinu o, B; nozime asins koagulacijas procesa

fibrinogen ==
Platelet
M H . - Activation ~=eas_

> a,,,B; saista fibrinogénu NN &
(SkistoSu plazmas j‘;f o g X % e

7 (7 < : L :
proteinu) e P 7 & Lo

Platelet 4 ;- allbp3 "'. 7 alibf3
. "'E’.‘::;;a':; i ,': Platelet
» Trombins fibrinogénu ” R
pé rve i d O n e§ I’<Tst0§é fi b rTn a Gpﬁx-v u(i|(bl33 ‘zl,\bm ;:b-lx-v a(u(bm uuzpzs
tikla ‘
Activated

» Aktivéto trombocttu un
fibrinu tikls veido
armaturu trombam, taja
sakeras eritrociti




Selektini

E-selektini -
L-selektini T &
P-selektini .

. ‘*Red blood cell

Endotélija sunu, leikocitu un trombocitu



Selektini

Sdnas virsmas proteini, kas saista oglhidratus (lektini) un
nodrosina sunas-sunas mijiedarbibas asinsrité

L-selectin

Lectin
domain ~™~
Epidermal  ~
growth =

factor

Consensus
Adherent repeat units

leukocyte

P-selectin

E-selectin

Transmembrane

domain Cytoplasmic tail

Endothelial cell



P-selektins

* Inaktivétas endotelialajas stinas vai trombocitos P-selektins
atrodas granulas

« Stinu aktivacijas procesa granulas saplast ar $nas membranu un P-
selektins tiek prezentéts uz sunas virsmas

Aspirin SHT <G OHT
Coagulation | Collagen ADP G AP ===> ADP
|

ll ATP  ATP
‘a Clopidogrel, prasugrel

Active metabolite
/
//1
< _ Ticagrelor, cangrelos
Platelet-platelet interaction

—
Theombin

) Aggregation
BTG, PDGF, RANTES, PFATGFR el T
Rt Fy "y

GPUB/IIA antagonists




E-selektins

* E-selektina “rezerves “
neglabajas sunas un aktivacijas
procesa S1adhézijas molekula
tiek transkribéta, transléta un
transportéta uz sunas
membranu

» Péc sakotneéja citokinu signala E-selektins uz endotelialo Sunu
virsmas paradas péc 2h, maksimumu sasniedz péc 6-12h un tiek
eliminéts péc 24h

* Lidzigi, ka P-selektins palidz rekrutét leikocitus uz iekaisuma
vietu



L-selektins

* Tiek ekspreséts limfocitos, saista ligandus, kas ekspreséti uz
endotélija Stnu virsmas

* NodrosSina limfocitu migraciju cauri asinsvada sieninai uz
sekundaro limfoido organu

Stens  Inital oantire Siow rollin Activation Secondary Firm adhesion Transmigration .
= Rolling : Polarization :::I::cm;:‘t:m Lateral migration transcellular  paracellular
T° PSGL-1 CD44 CD44 PSGL-1 (32 integrins : : 2 integrins
g WBC  ESL-1 ESL-1 GPCR L-selectin (4 integrins (32 integrins? B CDQS
D 04 integrins (32 integrins JAMs
=
'g. CD99
® Ec P-selectin E-selectin E-selectin ICAM-1,2 ICAM-12 PECAM-1
$ E-selectin ICAM-1 Chemokines VCAM-1 : JAMs
[ VCAM-1 e



Selektinu un integrinu koordineta leikocitu migracija

' Selectin blnding Integrin blndlng

= 7= |
Capillary  P-selectin Glycoprotein
endothelial ligand for Subendothelial matrix
cell integrin

* Selektini nodrosSina leikocita adhéziju pie asinsvada ieksejas
virsmas un migraciju iekaisuma vietas virziena

* Integrini nodrosina leikocita nostiprinasanos pie asinsvada ieksejas
virsmas un migraciju meérkaudos uz iekaisuma vietu



Nuklearie receptori



Nuklearie receptori uztverot hormona signhalu darbojas
sunas kodola izmainot génu ekspresiju

Hormons endokrina
veida nok|us ldz
meéerkaudiem—>

Difunde sunas
iekSiene—>

Stnas kodola saistas
pie nukleara
receptora

Serum binding protein Plasma
with bound hormone membrane
4
Hormone
o Cytosol
Nucleus
Nuclear
< receptor
RNA
9 polymerase

DNA LS o



Nuklearie receptori

Stnas kodola ligands
saistas pie nukleara
receptora -

NR un hormona
komplekss aktive
noteiktu génu
ekspresiju

\ Nuclear
J receptor
RNA
Altered cell 9 polymerase
function s \
/ DNA HRE SN
New &
protein Gene
transcription j 9
o MRNA
translation

on ribosomes



Nuklearo receptoru veido DNS un ligandu saistoSie domeéni

)]
|

DNS saistoso domeénu veido “cinka pirkstin

DNA
Transcription binding
activation  (66-68

(variable residues, Hormone binding DNA-binding
sequence highly (variable sequence , domain
+  andlength) conserved) and length) N C
HyN—_| SRR [ [T-CO0™ cortisol receptor
N C
estrogen receptor
GYH Zinc fingers
S Y K" R N C
A G—20 D R progesterone receptor
Y \'J | K
D w 50—T S
N S [ | N === C
[ | c c vitamin D receptor
10— C C Q \
Y} \Z " N \Zn/ ?_60 N C
| n | T thyroid hormone receptor
A
A/ N\ 8 AW,
C C C C
30 40 70 80 N C
\ J | | I | | | retinoic acid receptor

MKETRY KAFFKRSIQGHNDYM RLRKCYEVGMMKGGIRKDRRGG



Nuklearo receptoru piesaite DNS

* Inaktivéta forma nuklearais receptors ir piesaistijis
inhibitoro proteinu

» Aktiveta forma nuklearais receptors piesaistot ligandu
maina konformaciju un var saistities pie DNS

ligand-binding )

__— proteins

transcription-activating
domain

HN =

DNA
DNA-binding domain

receptor-binding

clement transcription of target gene

! COOH
inhibitory

(B) INACTIVE RECEPTOR proteins (C) ACTIVE RECEPTOR



Steroido hormonu receptoru DNS piesaistes sekvences

Receptor Consensus sequence bound*

Androgen GG(A/T)ACAN,TGTTCT

Glucocorticoid GGTACAN,TGTTCT

Retinoic acid (some) AGGTCAN.,AGGTCA

Vitamin D AGGTCAN_AGGTCA

Thyroid hormone AGGTCAN,AGGTCA

RX' AGGTCANAGGTCANAG
GTCANAGGTCA

*N represents any nucleotide.
'Forms a dimer with the retinoic acid receptor or vitamin D receptor.



Steroido hormonu stimuleta genu ekspresija

(A) PRIMARY (EARLY) RESPONSE TO STEROID HORMONE (B) SECONDARY (DELAYED) RESPONSE TO STEROID HORMONE

steroid steroid hormone
hormone  receptor

Y—ITO

Ak
by

secondary-response proteins

receptor-steroid-hormone . 0" " A .
complexes activate primary- [ - £ ‘ & @
response genes
l ‘ DNA DNA
— — — — — — — —
| | | |
Lo %y Q0 wPy——
< N ) Inf
induced synthesis of a primary-response a primary-response
primary-response proteins protein shuts off protein turns on
primary-response secondary-response

genes genes



Svarigakas nuklearo receptoru grupas

Saime ____|Grupas ______ligandi

Tiroido
hormonu rec.
lidz.rec.

Retinoido X r.l.r.

Estrogénu r.l.r.

Steroidogenisko
faktoru r.l.r.

Tiroido h.r.,
Retinoskabes .,
D-vitamina r.l.r.

Hepatocitu nuc.fak. 4
r., Retionidie X .,
Testikularie r.

Estrogenar.,
Estrogénlidz. r.,

Steroidogeno f.r.,
Aknu r. homologi

Tiroidie hormoni, A vitamins,
D vitamins, holesterins,
héms, ksenobiotiki,
taukskabes, prostoglandini

Taukskabes, retinoidi

Estrogéns, kortizols,
aldosterons, testosterons,
progesterons

Fosfoditilinositols



Steroido hormonu ligandi famakologija

TAMOXIFEN ,.IW’ |

Tamoksifens — estrogéna antagonists = "™ oy fl,

Atseviskos kruts audzéja tipos véza
sunu dalisanos ietekmé paaugstinata CH,
estrogéna koncentracija

H3C/N\/\o
Tamoksifens izkonkuré estrogénu O
piesaisté pie receptora un nenotiek
sunu proliferacijai nepiecieSamo géenu e Q
transkripcija O
CH,

Tamoxifen



Steroido hormonu ligandi famakologija

==y

Mifepristons (RU486) — “Mifepristona
progesterona antagonists Tablets

S TS R

lzkonkuréjot progesterona
piesaisti pie receptora bloké
apauglotas olsunas
implantaciju dzemdé

Lieto abortiem lidz
7.grutniecibas nedélai un
zemakas devas avarijas

kontracepcija Mifepristone
(RU486)




Signalsistemas augos, raugos un
bakterijas



1118 % P oy A Signaling Components Present in Mammals, Plants, or Bacteria

Signaling component Mammals Plants Bacteria

Sastopami lon channels )
gan

ziditajos,
gan augos,
gan Adenylyl cyclase

bakterijas Guanylyl cyclase
Receptor protein kinases (Ser/Thr)

-

Electrogenicion pumps
Two-component His kinases

Ca?* as second messenger

~N N N N 4+ 4+ +

Ca?* channels

Calmodulin, CaM-binding protein
MAPK cascade

Cyclic nucleotide-gated channels
IP.-gated Ca** channels

+ + + + + 4+ + 4+ + + + 4+

Phosphatidylinositol kinases
GPCRs
Trimeric G proteins

+ +
e M~
Il (€}
|+

Pl-specific phospholipase C
Tyrosine kinase receptors
SH2 domains

Nuclear steroid receptors

NN W
I

Sastopami
tikai
Ziditajos Protein kinase G

Protein kinase A

+ + + ++ A+ A+ A+ F A+ F



Hemotakstes regulacija bakterijas

Baktériju migracija baribas vielu gradienta virziena

(a) Tumble
s X
wun \ \
Tumble k/ 5% \ fEactant
\ » g2
ol
\ /
R
(b) Counterclockwise Clockwise
rotation — “run” rotation — “tumble”



(c) Receptor/His kinase

(component 1) Phosphorylated

form of component 2

Attractant \_/ \/ reverses direction
‘ /-——-> — Qp of motor
@\ ATP \Hls/:' HIS Rotary motor
His ADP </ — 4/(controls flagellum
®./
-E ;QASQ;T:— {
Asp)  Ecoli VI S,
/
Plasma
membrane

Response requlator (component 2)

Atraktants ierosina receptora His atlikumu autofosforilaciju

Fosforilgrupa no His tiek parnesta uz atbildes elementa
Asp, kas aktiveé barkstinas kustibas




Ar G proteinu saistitie receptori raugos
S.cerevisiae

Mating:
zygote formed

Vegetative Iifeq

cycle
(diploid)

‘ Budding

Pietiekosu baribas vielu klatbutné raugi vairojas
vegetativi (mitotiski)



GPCR raugos S. cerevisiae

Limitétu baribas vielu pieejamibas
gadijuma raugi sporulé (mejotiski)

Ascus containing four
haploid ascospores

o)
a3

L
Sporulation

Meiosis
4

Nitrogenlstarvation

Mating:
zygote formed

8 Vegetative Iife%

cycle
(diploid)

‘ Budding




GPCR raugos S. cerevisiae

Haploido sunu

saplisanu nodrosSina
ar G proteinu saistitie

receptori

Germination

Ascus containing four
haploid ascospores

Vegetative life

cycle
(haploid)

Budding

o)

o

('.Q‘

Nutrients Nutrients
Sporulation
&
a Meiosis
4

Vv .
cycle

Nitrogen starvation

Germination

Vegetative life
cycle
(haploid)

Budding

O Mating:
zygote formed

egetative IifeQ

(diploid)

‘ Budding



Saccharomyces cerevisiae parosanas tipi

Haploidu sapltusanu veicina
specifiskie feromonu peptidi, ® o ® o F

S o
ko izdala k arosana o 7 S\,’.J\ L‘Thl'dll
WO hapioid celis
O 1Zaala atrs parosanas F a o | ) @- a 1C ‘ (ofoppgsite mating groups).
tips o fog W7 (e
£ I .

® & @
Slinas ar paro$anas tipu I I
Mata izdala feromonu q, ® ¥ ~9) R T oall grow towarde i

v — - v - .. F a a source of the opposite

bet SGnas ar parosanas tipu Py . 4 pheromones.
Mata - feromonu a ®e ™ e’ _" a2 e

Kad katra suna ar A

- . - The cells fuse and form the
G-proteins saistito receptoru ala diploid.
uztver feromonu signalu

no parosanas partnera, tad tiek iedarbinata MAP kinazes reakciju
kaskade



Saccharomyces cerevisiae feromonu signalcels

Mating factor

MAP kinazes kaskade noved pie
parmainam suna, kas
nepiecieSamas saplusanas G protein
procesa

Mating receptor (Ste2/Ste3)

GEF
Map kinazes kaskades rezultata: GAP/small G

I_ v - v - v - MAPKKKK
polara sunas.alngsana .uz parosanas s o i
partnera pusi, sunas cikla arests G1 Ty
stadija un pastiprinata proteinu MAPK <= Kss
ekspesija, kas nepiecieSama kodolu ; \ ‘
un sunu saplusanai COK inhibitor Fan
.L Transcr -F.‘
CDK

q" Mating-specific

Cell cycle arrest g Cdc28 genes



Augu signaluztveres ipatnibas

Light

Temperature O '-f‘ ‘J,.-‘JJ ¢S
Humidity R
Wind —> Cco,

C,H,
Insects
Herbivores
Pathogens
Pathogens 0,
Parasites Y L\ TANR Minerals

| Toxic molecules

Microorganisms @ Water status

Gravity



Augu un dzivnieku evolucionara izcelsme

unicellular ancestor
of animals
ACQUISITION OF

mitochondrion @ MULTICELLULARITY
nucleus DIVERGENCE £
OF ANIMAL

AND PLANT
LINEAGES

ACQUISITION OF
MULTICELLULARITY

eucaryotic

common @
ancestor cell ' \
=)
unicellular

- ACQUISITION OF
ancestor of plants CHLOROPLASTS chloroplast

Kopéjs sencis viensunas eikariots

Filogenétiksa nodalisanas domajams notikusi pirms
1.6 — 0.6 miljardiem gadu



Augu un dzivnieku signalmolekulu analogija

Plants Animals
0
a CO0O
CO0-
- 12 "'/
0 OH OH
Jasmonate Prostaglandin E,
+
HO NH3
O O
N N
H H
Indole-3-acetate Serotonin
(an auxin) (5-hydroxytryptamine)
OH
OH

HsC
Brassinolide
(a brassinosteroid)

H
Estradiol



Auksina signalcels augos

(A)

s,

o
e

H |r CH,COOH
- -

T b
|
H

Auksins — koordiné augu augsanas
procesu

(B) ABSENCE OF AUXIN

Auksina transkripcijas

auxin-response factor (ARF)

x\__ e transcriptional repressor (Aux/IAA) repreSO 'S Inhlbe
a0 auksina atkarigo génu
 — — ekSpFESijU

AUXIN TARGET GENES OFF



Auksina signalcels augos

* Auksina klatbatne tiek (O PRESENCE OF AUXIN

aktlvets aUkSIna auxin @@ . auxin receptor protein
receptors

e Aktivetais auksina
receptors saista
represoru un veicina ta
proteosomisku AT
ubiquitylation
deg radécij u ubiquitin ligase and degradation of

active complex Aux/IAA protein
ARF '

* Auksina atkarigie géni ‘

var tikt transkribeti o —

|

TRANSCRIPTION OF AUXIN TARGET GENES



Etilena signalsistema augos

Etilens ir gaze, ko \C —C
izmanto auglu atrai / \
nogatavinasanai H H




Etilena signalsistema augos

Ethyllene
ile i = (@) Eenyi
Etilens difundé caur Q" tene receter
4 A :
plazmas membranu un pie Al Z}I;gezmponem
EPT membranas saistas pie
etilena receptora Ser/Thr | Cff,
kinazes L
L\ marx
(X) \ cascade

Bez etiléna CTR1 kinaze ir aktiva un bloké MAPKKK

Endoplasmic
reticulum

Cytosol



Etilena signalsistema augos

Etilenam aktivejot receptoru CTR1 tiek inhibéta un
MapKKK aktiveta

Tas noved pie etiléna atbildes proteinu transkripcijas

\ —
(EINZ N

O /EIN\ Nucleus

VAR DNA
L»——> mRNA

\’/ ERF1-

XNV DNA
L~~~

mRNA
. Ethylene-
response
proteins



Imunsistemas homologija augiem un ziditajiem

(a) Plant (Arabidopsis) (b) Mammal
. Toll-like
flg22 Flagellin o contors

Dimeric
FLS2

receptor

Outside
OOOOOOOOON XOOOOOOOOO0000 COOOCX OOOO0)
COOOOCOO00OY OCOCOO00000000 COOOOOY A y LOOOO000
. Inside
Protein
kinase
domain
kinase
IRAK
A J
MAPK MAPK MAPK
cascade cascade cascade
Transcription Transcription Transcription
factors WRKY22, 29 factors Jun, Fos factor NFkB
v N\ P
Immune- Immune-
[response proteins response proteinsé

Imuna atbilde uz bakterialu patogénu



(a) Plant (Arabidopsis) (b) Mammal

fig22 Toll-like
receptors

Flagellin

Dimeric
FLS2

receptor

65

AAAAAA AAAAAAALAR AAAAAN,

........................

.............

kinase
domain

kinase
IRAK

Augos receptoru ligands - flg22 peptids atvasinats no baktérijas
flagellam, péc liganda piesaistes receptors dimerizéjas, kas noved
pie autofosforilacijas un Ser/Thr kinazes aktivacijas

Ziditajos receptoru ligands - bakteériju flagelins un virsmas

lipopolisaharids, péc liganda piesaistes receptoram aktivejas
iekSunas telpa esosa proteinu kinaze



Augi Ziditaji

'MAPK ' MAPK MAPK |
cascade cascade cascade
Transcription , Transcnptlon " | Transcription |
factors WRKY22, 29  factors Jun, Fos | | factor NFkB |
v | N\ e
Immune- Immune-
response proteins response proteins

Augos - Ser/Thr kinaze fosforilé Stinas proteinus,
aktivejot MAPK kaskadi, kas noved pie ar imunitati
saistito génu ekspresijas

Ziditajos - tiek aktiveti divi MAP kinazes atkarigie
signalceli, kas noved pie imunatbildes génu ekspresijas



follicular cells

cytoplasm

Nakamaja lekcija

zona

neck pellucida

nucleus

Attistibas biologijas pamatprincipi

Wnt, or other ligand

Frizzled

activated

DIX | pDZ , DEP ol
protein

GSK3B, Axin, APC Rho \
J— l INK

P-catenin actin cytoskeleton oo

-T 7

PLANAR
CELL POLARITY

) WiTH HEDGEHOG SiGNAL

CECLPTOR TO PUOSHORVIAT Lo el I
e recerron R, TR g
) smas s P [
o
msnmumn -
e :
DISSOCIATES FROM | |l
'OLIGOMERIZES WITH
ADS
o THE SMAD2/3-SMAD4 OLIGOMER .
TRANSLOCATES TO THE NUCLEUS, ~
RECRUITS OTHER GENE REGULATORY P F— <
PROTEINS, AND ACTVATES U N\
"TRANSCRIPTION OF SPECIFIC T \
"TARGET GENES ACTATES. D
AT \

other gene regulstory proteins.

DNA
TGFp response
element in TARGET GENE TRANSCRIPTION
target gene




