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1. 1. LongLong distancedistance
chemosignallingchemosignalling

nn cc--AMPAMP signallingsignalling
nn IP3IP3-- dependentdependent signallingsignalling
nn cc--GGMPMP/NO /NO –– signallingsignalling
nn PLA2 PLA2 ––dependentdependent signallingsignalling
nn CaCa22++-- dependentdependent signallingsignalling

A. Receptors without enzymatic activity



c c ––AMPAMP--
dependentdependent
signallingsignalling

1.

2.

nn TriggerTrigger: : manymany hormonshormons, , 
transmitterstransmitters, , cytokinescytokines

nn Membrane Membrane G.proteinG.protein
coupled receptorscoupled receptors

nn StimulatoryStimulatory & inhibitory& inhibitory
transfer (transfer (GsGs or or GiGi))

nn EffectorsEffectors:: AdenylAdenyl cyclasecyclase
–– cAMP cAMP -- PKAPKA

nn EffeEffectscts: : widespreadwidespread
–– ImmediateImmediate: : 

phosphorylationphosphorylation ofof
proteinsproteins

–– Late: Late: genegene expressionexpression

1.
2.

3.

IP3 / DAG IP3 / DAG ––
signallingsignalling

nn TriggerTrigger: : manymany hormonshormons, , 
transmitterstransmitters, , cytokinescytokines

nn Membrane Membrane G.proteinG.protein
coupled receptorscoupled receptors ((GoGo))

nn BothBoth stimulatorystimulatory & & 
inhibitory influenceinhibitory influence

nn EffectorsEffectors:: PhospholipasePhospholipase C C 
(PLC) (PLC) –– DAG, IP3 DAG, IP3 -- PKCPKC

nn EffeEffectscts: : widespreadwidespread
–– ImmediateImmediate: : 

phosphorylationphosphorylation ofof
proteinsproteins

–– Late: Late: genegene expressionexpression



cGcGMPMP/NO /NO ––
signallingsignalling

nn TriggersTriggers: : 
A. Ca2+ A. Ca2+ -- signallingsignalling
B. ANP,BNPB. ANP,BNP
C. NO C. NO -- donorsdonors

nn Membrane GMembrane G--protein coupled protein coupled 
receptorsreceptors + + MembraneMembrane
receptorsreceptors withwith GC GC activityactivity

nn EffectorsEffectors:: NO, cGMP NO, cGMP -- PKGPKG
nn EffeEffectscts: : phosphorylationphosphorylation ofof

proteinsproteins
nn UseUse: : -- vascularvascular smoothsmooth musclemuscle

dilationdilation
-- visionvision, , etcetc..

PLA2 PLA2 ––
dependentdependent
signallingsignalling

nn GG--proteinprotein coupledcoupled receptorsreceptors
nn UseUse: : supplementarsupplementar to IP3to IP3--

dependent dependent signallingsignalling
nn PhospholipasePhospholipase A2 (PLA2)A2 (PLA2)
nn ArachidonicArachidonic acidacid (AA)(AA)
nn 2nd 2nd messengmesseng.: AA .: AA derivativesderivatives

–– LeucotriensLeucotriens (LT)(LT)
–– ProstaglandinsProstaglandins (PG)(PG)
–– TromboxansTromboxans (TX)(TX)
–– EpoxidesEpoxides (EPX)(EPX)
–– HETEHETE

nn InteractionsInteractions withwith otherother
signallingssignallings: cAMP, cGMP, : cAMP, cGMP, 
JAK/STAT, MEK JAK/STAT, MEK 



CaCa22++--
dependentdependent
signallingsignalling

nn UbiquitousUbiquitous, of particular , of particular 
importance in skeletal & importance in skeletal & 
smooth muscles, nervous smooth muscles, nervous sysy..

nn TriggerTrigger: : anyany risrise ofe of cytosoliccytosolic
[[CaCa2+2+]]ii

nn EffectorsEffectors: : calmodulincalmodulin (CaM) (CaM) 
–– SerSer//ThrThr kinasekinase

nn EffectsEffects: : 
–– ImmediateImmediate: : 

phosphorylationphosphorylation/ / 
dephosdephos--phorylationphorylation

–– Late: Late: genegene transcriptiontranscription
nn UseUse: : trasmissiontrasmission ofof

excitatoryexcitatory processesprocesses

1. 1. LongLong distancedistance
chemosignallingchemosignalling

nn cc--AMPAMP signallingsignalling
nn IP3IP3-- dependentdependent signallingsignalling
nn cc--GGMPMP/NO /NO –– signallingsignalling
nn PLA2 PLA2 ––dependentdependent signallingsignalling
nn CaCa22++-- dependentdependent signallingsignalling

B. Receptors with enzymatic activity



ClassicalClassical
growthgrowth
signallingsignalling
n Trigger: growth factor

familes
n Receptors with enzymatic

activity
n Effectors: 

– Ras – switch
– MAPK cascade

n Effect:
– Gene transcription

n Use:
– proliferative & growth 

process
– mitosis

StressStress
signallingsignalling

n Trigger: 
– growth factor familes
– physical : UV, X-rays, 

temp.
– chemicals

n Receptors with enzymatic
activity

n Effectors:
– Ras – switch
– MAPK cascade

n Effect:
– Gene transcription

n Usage:
– proliferative & growth 

process (mitosis)
– adaptations



SignallingSignalling
viavia PIPI--3K3K

n Trigger: growth factor
familes

n Receptors with
enzymatic activity

n Effectors:
– PI3K –PKB, PDK

n Effect:
– Gene transcription
– Vesicular

transportation
– Apoptotic

machinery
– Fosforylation of

proteins
n Use: proliferative & 

growth process control

nn MembraneMembrane receptorsreceptors withwith
associatedassociated enzymaticenzymatic activityactivity

nn TriggerTrigger: IL: IL--2, IL.4, IL2, IL.4, IL--6 6 familyfamily, , 
GH, PRL EPOGH, PRL EPO

nn EffectorsEffectors: SMAD : SMAD familyfamily
nn EffectEffect: : earlyearly responsesresponses genegene

expressionexpression
nn UseUse: : grgroowthwth & differentiation & differentiation 

processes processes 

SignallingSignalling
throughthrough
JAK/STATJAK/STAT



SignallingSignalling viavia
SMADSMAD

nn MutiuniteMutiunite membranemembrane
receptorsreceptors withwith enzymaticenzymatic
activityactivity

nn TriggerTrigger:: TGF TGF & BMP & BMP 
factorsfactors

nn EffectorsEffectors:: SMAD SMAD familyfamily
nn EffectEffect:: delayeddelayed -- genegene

expressionexpression
nn UseUse:: grgroowthwth & & 

differentiation processes differentiation processes 

Signalling via
nuclear
receptors
n Trigger: gonadosteroids, 

retinoids adrenocorticosteroids, 
T4/T3, vitD3, deoxycholesterol, 
PGJ2, LTB4, fatty acids?, bile
acids

n Effect: gene transription





Signalling
via Toll
receptors

nn TriggerTrigger:: components of
bacterial body, chemicals

nn EffectorsEffectors:: IRAK, TRIF, 
TIRAP

nn EffectEffect:: modifing other
signalling pathways

nn UseUse:: Component of innate
immune response

n Inflammation – „specific“
response to antigen

Signalling
via NFkB
n Trigger: TNF.alpha family
n Effectors: TRAF, TRADD, 

RIP
n Effects: Gene expression
n Use: wide spead

immune reactions



aa

2. 2. CloseClose contactcontact
chemosignallingchemosignalling

n BCR signalling
n TCR signalling
n Wnt + β-catenin
n DSL-Notch
nn HedgehogHedgehog signallingsignalling



BCR BCR 
signallingsignalling

n Trigger: antigen
n Receptors –

multicomponent Ig-family
n Effectors: 

– Growth pathway (Ras-
Raf-MEK-ERK) 

– Stress pathway (Rac-
MEKK-Jnk,P38)

– Ca2+-CaM pathway
n Effect:

– Gene transcription
n Use:

– proliferation (mitosis)
– synthesis of new proteins

TCR TCR 
signallingsignalling



BCR is formed by 
membrane-bound
IgM (mIgM)

TCR is formed by 
special alpha and 
beta Ig chains

WntWnt ++

ββ -- catenincatenin



DSLDSL--NotchNotch signallingsignalling



HedgehogHedgehog
signallingsignalling

nn TriggerTrigger:: HhHh familyfamily
nn ReceptorsReceptors::

–– PtcPtc –– patchedpatched
–– SmoSmo ––smoothedsmoothed

nn EffectEffect::
–– GeneGene expressionexpression
–– Other Other signallingssignallings

nn UseUse::
–– ControlControl over over 

prolifertionprolifertion & & 
differentiationdifferentiation


