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+ |IP3’ler IP4’lere fosforlanir

« Ca2+’lar hiicre disina pompalanir.

aktiflestirmektir.

Zarda kalan DAG’ler eikasonoid veya arasidonik asit yapiminda kullanilir. ikinci gérevleri ise PKC'yi

Figure 15-39 Molecular Biology of the Cell (© Garland Science 2008)
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time 0 sec 10 sec 20 sec 40 sec

Ca2+ ikincil mesajci olarak gorev yapar
G proteinin etkisiyle hicrenin pek cok mekanizma faaliyete gecer,

Embriyonik gelisimin baslamasi, kas kasilmasi, sinir hicrelerinde iletim goérevleri vardir. ??
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Ca2+ aracih sinyal iletimi yapan 3 ana Ca2+ kanali vardir.
Voltaja bagiml Ca2+ kanallari, Nérotransmitter saliniminda etkilidir.
IP3 kapili Ca2+ kanallari

Riyanodin reseptéri, kas kasiimasinda etkilidir

ER’da Ca2+ salinimi ve alimi enerji kullanarak saglanabilir, mitokondri de bunda

etkilidir.
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Ca2+ uyarilari civi olarak adlandirilir.

Kalmodulin 4 adet Ca2+ baglama kapasitesindedir. Ca2+/Kalmodulin kendi bagina inaktiftir. temasta oldugu
proteinleri aktiflestiriler. Ca2+’u hiicre digsina pompalayan pompay! aktive eder. CaMK’lar tarafindan
fosforlanarak aktive edilir. CaMK II’ 6zellikle beyinde yliksek miktarda bulunur.
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Aktive olduktan sonra otofosforillenme ile uzun sire aktif kalir. Bunun
0grenmede etkili oldugu tahmin edilmektedir.
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(A) low frequency Ca?* oscillations (B) high frequency Ca?* oscillations

Bellek mekanizmasinda etkili oldugu dusunulmektedir, sinapslara uyari geldiginde etkinligin uzun sare
kalmasini saglamaktadir.
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Enzim Bagh Hiicre Yiizey Reseptorleri ile Sinyal iletimi

Enzim bagl reseptérler, 2. ana ylzey reseptéri grubudurlar. Genellikle blaylime etmenleri
olarak adlandirilir. Biuyime, Cogalma, farklilasma ve hayatta kalmayi pekistiren hlcre digi
sinyal proteinlerine kargi olusan yanitlarda gorev alir.

Transmembran kisimin enzim etkinligi vardir.

1. Reseptor Tirozin Kinazlar: kiucguk bir protein grubunu tirozinlerinden fosforlar

2. Tirozin Kinaz baglantili Reseptérler: hiicre ici tirozin kinazlarlarla etkilesimdedir.
3. Reseptor benzeri tirozin fosfatazlar: reseptor gorevleri heniiz kanitlanamamistir.

4. Reseptor Serin/Treonin Kinazlar: Baglantili olduklari proteinleri serin ve
treoninirden fosforlayan reseptorlerdir.

5. Reseptor Guaninil Siklazlar. cGMP’nin sitozoldeki Gretimini dogrudan katalizler

6. Histidin Kinaz baglantili reseptérler: iki bilesenli bir sinyal iletim yolagini
aktiflestirir. Kinazin kendisini histidin Gzerinden fosforlayip olusan fosfatla ikinci bir
sinyalleme proteinine aktarilir.
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immunoglobulin-

) like domain
cysteine-
rich
domain

___ fibronectin-type IlI-
ss ss like domain
sS |
————————— plasma
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. | | kinase
t)!rosme ~ insert
kinase | | | region
domain

| S
EGF insulin NGF | FGF | Eph
receptor receptor, receptor receptor receptor
IGF1 PDGF VEGF
receptor receptor, receptor
MCSF
receptor

Akson gelisimi ve iletiminde gorevlidirler.

degistirerek konumunu kaydirir.

Reseptor Tirozin Kinazlar: En buyulk ligand grubunu Efrinler olusturur, Eph reseptérlerine baglanirlar.

Hucre disinda ligand baglanmasi hucre icinde tirozin kinazi aktiflestirir. ATP’den aldigi fosfati, sinyalin
iletilecegi proteine iletir. Ligandin baglanmasiyla transmembran bélgedeki alfa sarmallarinin yapisini

Figure 15-52 Molecular Biology of the Cell (© Garland Science 2008)

59



Table 15-4 Some Signal Proteins That Act Via RTKs

Epidermal growth factor (EGF) EGF receptors

Insulin insulin receptor
Insulin-like growth factors (IGF1 IGF receptor-1
and IGF2)

Nerve growth factor (NGF) Trk A
Platelet-derived growth factors PDGF receptors (o and )
(PDGF AA, B8, AB)

Macrophage-colony-stimulating MCSF receptor
factor (MCSF)

Fibroblast growth factors (FGF1 to FGF receprtors (FGFR1-FGFR4,
FGF24) plus multiple isoforms
of each)

vascular endothelial growth factor  VEGF receptors
(VEGF)
Ephrins (A and 8 types) Eph receptors (A and B types)

Figure 15-53b Molecular Biology of the Cell (© Garland Science 2008)

stimulates cell survival, growth, proliferation, or
differentiation of various cell types; acts as inductive

signal in development
stimulates carbohydrate utifization and protein synthesis
stimulate cell growth and survival in many cell types

stimulates survival and growth of some neurons
stimulate survival, growth, proliferation, and migration of
various cell types

stimulates monocyte/macrophage proliferation and
differentiation

stimulate proliferation of various cell types; inhibit
differentiation of some precursor cells; act as inductive

signals in development
stimulates anglogenesis

stimulate angiogenesis; guide cell and axon migration
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Ligand baglanmasiyla reseptdr dimerizasyonu veya oligomerizasyonuda gézlenir.

Figure 15-53a Molecular Biology of the Cell (© Garland Science 2008)
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Otofosforilasyonda kinaz bdlgesindeki tirozinlerin fosforillenmesi enzimin kinaz etkinligini artirir. Kinaz
domaini disinda reseptdriin substratlari ile yiksek spesifitede tutunma alanlari olusturur.

IR ve IGF?
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Baglanma bdlgelerinin kullanimi icin 6zel modiiler alanlar vardir. SH2 (Src2) ve PTB (Phosphotyrosine
Binding domain) alanlari genellikle fosforlanma icin kullanilir.

Src homology 3 domain’i (SH3) kisa ve prolince zengin amino asit dizilerine baglanir.

Pleckstrin homology domain’i (PH) ise Fosfoinositol fosfolipidlerinin yukli baskisimlarina baglanir.

Molecular Biology of the Cell (© Garland Science 2008)
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Baglanan bazi proteinlerde sinyal iletimi degil, sinyalin kapatiimasini saglar.
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Figure 15-55b Molecular Biology of the Cell (© Garland Science 2008)
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Table 15-5 The Ras Superfamily of Monomeric GTPases

Ras H-Ras, K-Ras, N-Ras relay signals from RTKs
Rheb activates mTOR to stimulate cell growth
Rep1 activated by a cyclicc:cAMP-dependent GEF; influences cell adhesion by
activating integrins
Rho* Rho, Rac, Cdc42 relay signals from surface receptors to the cytoskeleton and elsewhere
ARF* ARF1-ARF6 regulate assembly of protein coats on intracellular vesicles
Rab* Rab1-60 regulate intracellular vesicle traffic
Ran* Ran regulates mitotic spindle assembly and nuclear transport of RNAs and proteins

*The Rho family is discussed in Chapter 16, the ARF and Rab proteins in Chapter 13, and Ran in Chapters 12 and 17. The three-
dimensional structure of Ras is shown in Figure 3-72.

Ras proteinleri monomerik GTPazlardir. Rho ve Rab ailelerine bélinir. insan tiimérlerinin %30°dan fazlasinda
Ras mutasyonlari tanimlanmistir.
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Figure 15-59a Molecular Biology of the Cell (© Garland Science 2008)
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Figure 15-60 Molecular Biology of the Cell (© Garland Science 2008)
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Ozgiin yanitin olusabilmesi icin, farkli sinyal yolaklarindaki capraz konusma nasil engellenir? Farkl scaffold
proteinlerinin kullanimi..

Memeli hiicresinde 5 farkli MAP Kinaz’lar ayni anda paralel olarak ¢aligabilir. Herbir moddl 12 MAP Kinaz, 7 MAP
Kinaz Kinaz ve 7 MAP Kinaz Kinaz Kinaz’dan olusur.

UV isinlamasi, Isi Soku, Ozmotik stres, inflamatuar Sitokin cevabi bir cok moduiliin ayni anda ¢alismasina neden
olabilir. Scaffold prot. sinyalde kesin dogruluk saglar.
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Figure 15-62a Molecular Biology of the Cell (© Garland Science 2008)
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Figure 15-62c Molecular Biology of the Cell (© Garland Science 2008)

73



‘ * Peritoneal cavity

chemotaxis'

* Airpouch™

inflammation™

* Migration
* Proliferation
* Activation

* ADP-induced
platelet aggregation®”

_Human disease extrapolation

* Septic peritonitis**

* Chemokine-induced airway

* High blood pressure’

* Vasoconstriction’!

* Survival of
eosinophils in
allergic pleurisy™

* Contractility"™"*

¢ Stress-induced
remodelling

* Heart failure

- Rheumatoid disease™ @ Asthma**
! Multiple sclerosis (NT) E Allergic disease****
@ COPDINT) Hypertension”

Systemic lupus
crythematosus™*
Atherosclerosis (NT)

Cardiac failure™ - Thrombosis®'
- Pancreatitis* Stroke (NT)

Copyright © 2006 Nature Publishing Group
Nature Reviews | Drug Discovery

74



PI3K signaling results in the activation of both mTOR
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Reseptér Tirozin Kinazlar tarafindan etkinlestirilen Ras sadece MAP Kinazlari degil P13 Kinazlari da aktive edebilir.

Hucreleri digsaridan gelen sinyallerle surekli olarak bélinurlerse, giderek kigllecek ve yok olacaklardir. Bolinme
uyarimi ile bayume uyarilari dengede olmak zorundadir. Buylimenin hicredeki sinyal yolaklarindan biriside PI3K’dir.

PTEN gibi inozitol fosfatazlar tarafinda desfosforile edilirler.

Molecular Biology of the Cell (© Garland Science 2008)
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Etkinlestikten sonra PH (Pleckstrin homoloji domainleri) ile hiicre ici sinyal proteinlerine baglanirlar.
Hucrenin sagkalimini saglarlar.

Figure 15-64 Molecular Biology of the Cell (© Garland Science 2008)
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Hiicre digsindan gelen hormon’un reseptére baglanmasi ile Src, Yes, Fgr, Fyn, Lyn, Hck, Blk gibi
resptor kinazlara ihtiyac duyar.
Integrinlerle Hiicre hareketi...

Reseptor tirozin kinazlarin mutantlari genellikle oGldrler.

Figure 15-67 Molecular Biology of the Cell (© Garland Science 2008)
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(Seminars in Cell and Developmental Biology 19(4):360-9 - July 2008)
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Sitokin reseptorleri

Table 15-6 Some Extracellular Signal Proteins That Act Through Cytokine Receptors and the JAK-STAT Signaling Pathway

y-interferon JAK1 and JAK2 STAT1 activates macrophages

a-interferon Tyk2 and JAK2 STAT1 and STAT2 increases cell resistance to viral infection

Erythropoietin JAK2 STATS stimulates production of erythrocytes

Prolactin JAK1 and JAK2 STATS stimulates milk production

Growth hormone JAK2 STAT1 and STAT5 stimulates growth by inducing IGF1
production

GMCSF JAK2 STATS stimulates production of granulocytes and
macrophages

JAK-STAT yolu viral enfeksiyonlara kargi Uretilen interferonun etkileri caligirken bulunmustur.
Sitokin reseptorleri birden fazla JAK’la iligkili olabilir. JAK1, JAK2, JAKS, Tyk2.
7 adet STAT bulunur.

STAT’ dimerleri defosforile edilerek monomerler dénlsur ve inaktif olurlar.

Table 15-6 Molecular Biology of the Cell (© Garland Science 2008)
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Nucleus

Reseptor Fosfatazlarda hiicre
yuzey reseptori olarak calisabilir.

Cok az sayida serin/treonin fosfataz
ve 30 kadar PTP (fosfo-tirozin
fosfataz) bulunur. Yapisal olarak da
cok farklidirlar.

Tirozin kinazlarla etkilesime girerek,
daha ¢ok hicre ici proteinin uyariimasi
saglanir.
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Serin/treonin Kinazlar

CYTOSOL

type-ll
TGFB P __Smad2 or
receptor s . Smad3
. > =y
serine/ < "
threonine type-l PHOSPHORYLATED
kinase TGFB TYPE-I RECEPTOR
domain receptor RECRUITS AND
PHOSPHORYLATES
TGF BINDING CAUSES TYPE-II
SMAD2 OR SMAD3
RECEPTOR TO PHOSPHORYLATE
TYPE-I RECEPTOR .
Smad4
PHOSPHORYLATED
SMAD2 OR SMAD3
DISSOCIATES FROM
THE RECEPTOR AND
OLIGOMERIZES WITH

S

/ THE SMAD2/3-SMAD4 OLIGOMER
TRANSLOCATES TO THE NUCLEUS,

. . RECRUITS OTHER GENE REGULATORY

PROTEINS, AND ACTIVATES

l! SMAD4

TRANSCRIPTION OF SPECIFIC
TARGET GENES

other gene regulatory proteins

\

TGFS response
TARGET GENE TRANSCRIPTION

elementin
target gene

Cok az sayida serin/treonin
fosfataz ve 30 kadar PTP
(fosfo-tirozin fosfataz) bulunur.
Yapisal olarak da ¢cok
farkhdirlar.

Tirozin kinazlarla etkilesime
girerek, daha c¢ok hucre ici
proteinin uyariimasi saglanir.

TGFb smad 2,3
BMP smad 1,5 ve 8‘i fosforiller

reseptorden ayrilarak
Smad4’le birlegir ve ¢ekirdege
gider.

Hedef genler arasinda Smad 6
ve 7°de vardir. Bunlar negatif
regulatorlerdir.
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Ligand v
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Reseptér Guanilil Siklazlar

Su, tuz dengesini saglayan natriliretik peptidler, Atriyal antitretik peptid (ANP) ve Beyin
natritretik peptid (BNP) gibi.
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flagellum

Hareketli bakteriler seker, amino asitler
gibi cekicilere yada cesitli zararli kimyasallardan uzaga hareket

ederler.
Sag-sol ayrimi yapabilirler.
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Figure 15-71a (part 1 of 2) Molecular Biology of the Cell (© Garland Science 2008)
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Figure 15-71a (part 2 of 2) Molecular Biology of the Cell (© Garland Science 2008)
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Figure 15-71b Molecular Biology of the Cell (© Garland Science 2008)
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TUMBLING
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Figure 15-72 Molecular Biology of the Cell (© Garland Science 2008)
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CheA ve CheW Histidin kinazlardir.
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Figure 15-73 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 15-74 Molecular Biology of the Cell (© Garland Science 2008)
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CheA

Figure 15-74a Molecular Biology of the Cell (© Garland Science 2008)



chemotaxis receptor

Figure 15-74b Molecular Biology of the Cell (© Garland Science 2008)



Proteolize bagiml sinyal yolaklari
Notch Sinyal Yolagi 6zellikle Gelisimde etkilidir. Delta ve notch etkilesmesinden sonra bir proteaz tarafindan

notch kesilerek ¢ekirdege gider ve bazi genleri aktive ederek, diferansiye olmayi engeller.

membrane-bound receptor
inhibitory signal protein
protein (Delta) (Notch)

.
nerve cell \

unspecified developing from inhibited
epithelial cells epithelial cell epithelial cell

LN
Y




Notch

signaling cell CYTOSOL
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9 EGF-like
domains
target cell
EXTRA- plasma
GOLG! CELLULAR . ' membrane
LUMEN SPACE <2
CYTOSOL
—- — >
Golgi
membrane
BINDING TO DELTA,
CLEAVAGEAT TRANSPORT ENDOCYTOSIS OF DELTA- CLEAVAGE AT NOTCH TAIL
SITE1 TO PLASMA NOTCH-FRAGMENT COMPLEX, SITE 3 MIGRATES
IN GOLGI MEMBRANE AND CLEAVAGE AT SITE 2 TO ﬂ]CLEUS

—_—) | (C———

PROTEIN COMPLEX CONTAINING

NOTCH TAIL ACTIVATES
Rbpsuh GENE TRANSCRIPTION
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Proteolize bagimli sinyal
yolaklari

1. Furin

Figure 15-76 Molecular Biology of the Cell (© Garland Science 2008)
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(A) WITHOUT Wnt SIGNAL (B) WITH Wnt SIGNAL
LRP activated Wnt
Frizzled LRP activated Frizzled
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Figure 15-77 Molecular Biology of the Cell (© Garland Science 2008)
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