O pdéhAoc Tou Ca?* wg deUTepou diaPpipacTh




Norwich 1835 - Yorkshire 1910

“2Ta apxIKa Tou TreipdpaTa avakaAuye Ot éva didAupa
TTOU TTEPIEIXE HOVO XAWPIOUXO VATPIO, KOIVO OAATI, O€
TTOO0O0TO TO OTTOIO TTEPIEXETAI OTO TTAOOUA TOU QiATOG
Batpdxou, yTTOPOUCE va dIaTnPROCEl TOV XTUTTO TNG
KapdIAg YIa TTEPIOPIOHEVO XPOVIKO dIdoTnUA, ETTEITA
aTTO TO OTTOI0 O XTUTTOG ATTOOUVAUWVATAV KAl oUvVTOoua
oTapatouoe. ‘ETreira ¢a@vika n eiIkova AAAage: 1o id1o
aAatouyo didAupa diatnpouace TNV KapdId o€ Eviovn
opaaTnpIdTNTa YIa TTOAAEG wpeg. O Ringer ATav
MTTEPOEUEVOG, Kal VOUICE yia Eva dlaoTnua Ot N dlapopda
Ba mpétTel va o@eiAeTal otV aAAayr) TNG ETTOXNS TOU
XPOVOU — PEXPI TTOU avAKAAUWE TI AKPIBWGS €iXE OUMPE.
Kabwg Atav atmaoxoAnuévog pe aAAa kaBnikovta, €ixe
EUTTIOTEUTEI TNV TTPOETOINACIA TWV OIAAUNATWY OTOV
gepyaoTnpiakd Tou BonBo, katrolov Fielder. O1rwg pou
e¢nynoe o idlog o Fielder, Tov o1T0i0 YVWpPIoQ apyoTEPQ
w¢ NAIKIWUEVO avdpa, o Fielder Bswpouoce acrjuavTo va
€odeUEl TOOO XPOVO YIa TNV ATTO0TAEN TOU VEPOU YIA TOV
Dr. Ringer, o o1roiog dev Ba TTapaTnpouoe Kayia diagopd
€Av 10 aAatouxo didAupa TTpogpxOTav aTrd vepd Bpuong.
QoT1d00, 0 Ringer TTapatrpnoe TN diIa@opd Kal apou
KataAaBe TI ouvéBaive dev veupiaoe e Tov Bonbo Tou
oUTE ETTEPEVE VA EXEI ATTECTAYMUEVO VEPOD YIA TO aAATOUXO
OIGAUUA TOU. EKUETAAAEUTNKE TNV EUKAIPIA TTOU KATA TUXN
TOU TTOPOUCIACTNKE KAl CUVTOMO aVOKAAUWE OTI TO VEPO
NG BpUOoNG, TTOU OTN CUVEXEIA TTPOUNBEUOTAV ATTO TO
Bopeio Aovdivo atré Tnv New River Water Company,
TTEPIEIXE AKPIBWGS TN CWOTHA TTOOOTATA IOVTWY A0RECTIOU
TTOU ATTAITOUVTAV VIO £VA QUOIOAOYIKG I00PPOTTNMEVO
d1dAupa pe kaBapd xAwplouxo vaTplo ..."



Locke ES. (1894): H amopdkpuvon Tou Ca?* umopei va pmAokdpel Th petadoon
TWV TTAAPWY 0T VEUPOHUIKA ouvayn o€ Tapaokelaopd
pnpidiov puog partpdxou.

Harvey AA. (1939): H amaitnon oe Ca?* opeiAeTal oTo pdAo Tou va puBpiler Thv
EKKpIon Tou veupodiapiPpaoTi
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Nerve

impulse

An action potential arrives and
initiates synaptic transmission.

After synaptic transmission,
acetylcholine and vesicles
are recycled.

Na* channels open, depolarizing
the axon terminal membrane.

Action

membrane causes voltage- potential

Depolarization of the terminal
gated Ca?* channels to open.

Ca?* enters the cell and triggers
fusion of neurotransmitter
vesicles with the presynaptic
membrane.

v + L,
¢ choline

[

.
Axon terminal * *
of cell

Action/

potential

Neurotransmitter molecules
diffuse across the synaptic cleft
and bind to receptors on the
postsynaptic membrane.

TActivated receptors open chemically

Postsynaptic cell Acetylcholine is broken down by
the enzyme acetylcholinesterase.
Acetylcholine components are

taken back up by the presynaptic

cell for resynthesis.

Acetylcholine Synaptic

gated Na* channels and depolarize the
receptors cleft

postsynaptic membrane. The spreading
depolarization fires an action potential
in the adjacent membrane.




Kamada T, and Kinoshita H. (1943, Jap. J. Physiol.): YmeuBuvo via Tnv
TPOKANON ThG HUTKAG oUoTtaong civai To Ca?*

Heilbrunn LV., and Wiercinski EJ. (1947, J. Cell. Comp. Physiol.) The action
of va$ious cations on muscle protoplasm.

«KoAAo€1dei¢ 1010TNTEC TOU KUTTAPOTTAAOUATOC Kal N 0pdon TWV 10VTWY O€
ATTOHOVWHEVEC TIPWTEIVEC dev €XeEl kKavéva PloAoyiko amoTEAEopa»

O Otto Loewi, o omoio¢ TapakoAoUBnaoe Thv
adnpia Emornuwy tng Néacg Yopkng (New York
koUaTnKke va Houppoupilel ‘Kalzium ist alles (vo




AoPéoTio Kal e€EAIEN

To Thiovulum,

éva TepdoTo O¢lo-
o eIOWTIKO
EupakThpio (bpm),
TTEPIEXE]
eVOOTTAAOUATIKEC
pHeuPpavikég
dopéc (aTeAéc
adpé EA).

2uvnOiopéva paktnpia



OAa Ta 16vTa oe O H ) 2+

vdaTIko d1dAupa

mepIPAAAovTal amo

éva udaTIKG H 20
TepiPAnua, omoTe yid , O H 2

va ouppei n ouvdeon, "/,/
TPETTEI TA HOPIA TOU 2~ \
vepoU va H ) O Ca
amopakpuvlouv 1600 / \

amo To HETaAAo 600 O H

Kal amd Tov TPoadETh. H
50

OH,

To aobhéoTio umopei va 0sopeUETAl 1I0XUPA UE TTPWTEIVEC:

H 1kavéTnTa Tou va ouvdécTal pe ToAAoUC TtpocdéTec (6-8 dTopa) To
Ka@ioTd 1kavo va oTaupoouvdiel B1APopPETIKA TUALATA HIAC TTPWTEIVNG
Kal va emtdyel aAAayég Tng O1apopPwWong TG



H Aé€n xnAikoc (chelate) mpoépxeTarl amoé To AaTiviké chela, Tou onpaivel
Tolumida kdapoupa h acTakou.

O1 xnAikéc evwaoelg (chelators) sival ouvOeTIkd TTapdywya TToU TTAPEXOUV
TAdiolo oTApIENC o€ TTeEPIoooTEPA AToUd TTPOCOETN. TETOIOI TTOAUDOVTIKOI
oxhuariopoi, 101aiTepa autoi Tou oxnuarti{ouv pia acuvhOioTn doph, UTTopEi va
gival ToAU eKAeKTIKOI yia To Ca®* €1¢ Pdpog Tou Mg?*, e€aiTiag Tng
IKavoTNTAc Tou Ca?* va avéxeTal duTAvV Thv douvhBioTn yewpeTpia. Mia amd
TIC 0 €181KEC XNAIKEC evaeic Tou Ca?* gival To EGTA. AuTto To Hoplo EXEl
Téaoepic kKapPolUAikéC opddeg kar dUo aiBepikd ofuyova kai Tapouaidalel
EKAEKTIKOTNTA Yid To Ca’* 10° popég peyahlTepn améd authv Tou Mg?*,

To EGTA, kaBwc¢ Kkai Tapopold ouaTaTikd, HtopoUv va Xpnoipgomoin@olv wg
puBuIoTIKA diaAUpaTta Ca?* yia va eAEyXouv Th CUYKEVTPpWON Tou eAeUBgpou
Ca?* ota Teipdpdrad.

rcoo— ~00C
— 00" —ooc;\




Calcium homeostasis

calcium deposition

[
L

calcium resorption

1000 g Ca++
stored in bone 4

Calcium in

Blood
Ca++

Ca++ absorbed
into blood

k

lost in urine

the diet (. )

0 .
J

calcium lost in feces

small intestine



Active _
vitamin D Stimulates Ca?*

‘_\uptake in kidneys

// stimulates  Parathyroid gland
. [ Ca?trelease (behind thyroid)

from bones

L STIMULUS:
?bgfﬁcaz’.’ Falling blood
evel rises. Ca?* level

Q Homeostasis:
> Blood Ca?* level i

(about 10 mg/100 mL)




[Ca?’] [Mg=*]

[MAGouQ, ECWKUTTAPIKO UYypPO 1-2 mmol/l pCa ~3 1 mmol/l
EvOOKUTTAPIKO KUTTAPOTTAQC A 50-100 nmol/l pCa ~7 0.5-1 mmol/l
(KUTTOPQ O€ NPEMia)
EvdotmrAaopaTikd dikTuo 30-300 umol/l  pCa 5-4
2+
Ca? Ca

TadnTIkA HETAPopd 1-2mM 1

EVEPYN HETAPOPA
ATP

50-100nM Na*
TP

@

30-300puM




NCX  Capump
1 Ca?t Ca®

e
| 3 Na*
Na pump @ -

(:a2+

Ca channels
(:a2+ (:&2+




IS

NO LX) O C

Ca?* channels
ROC/VOC/TRP/SOC

=

2
»Ca?* effectors (e.g. CaM, S100)
=Ca?* buffers (e.g. calreticulin, calbindin D9K)

»CaZ*-sensitive enzymes (e.g., CaMKI, CaN)

[Ca¥], 106~ 107 M

‘Gene transcription

- Nucleus _/




Ta 1ovTopdpa Ca?* sival AimodiaAuToi HepPpavikoi opeic 16VTWY, TTou givai
e€e1dikeupévol yia To Ca?* . AmodovwOnkav amo kKaAAiépyeieg Streptomyces.
H-C

\
NH

A23187 lonomycin



Swromowreivec evaioBnrec oro Cac*

PwTrompWTEIVEG guaioBnTec oTo Ca?* amopovwoOnkav oThv evepyh ToUC HOPYH ATO
acmévouAa BaAacoivd, 6Twe To Kvidol{wo Aeguorea. H akouopivn, ATav 0 TTPWTOG
amoTeAEOUATIKOC JEIKTNC YIa TO eVBOKUTTAPIKO Ca?* . H popiakh Tng pala civar 22
kDa kai dev pmopei va diamepdoel TIC HEUPPAVEC, OTTOTE dpXIKA N XpAon TNC
TeplopioTnKe o HeyaAUTepa KUTTAPA, OTA OTroid HTtopoUoe eUKOAA va eioaxOei pe
HiIkpoéveon. YeioTaTal Hid eCWTEPIKA HOPIAKA dVvAKATAVOUNR TTOU EVEPYOTIOIEITAI ATTO
T0 Ca?*. H ahAayh otn diapéppwaon o c1dwvel Hid TTPooOeTIKA pwTopdpa opdda Thv
KolAevTepalivn TToU EKTTEPTTEI Hid Adpyn UTTAE QWTOC.




O
H Aé€n xnAikoc (chelate)
TpoEpXeTal amd 1o AaTiviko chela,
TTOU onpaivel Tolpmida Kdpoupd R
aoTakou.
O 0
v AUTO TO HOPIO EXE
N L(‘)‘ 0 Téqoeplg Kappo?,ul\még'
opddeg kai 0Uo aiBepikd

\—< - oluydva kai tapouaidlel
s EKAEKTIKOTNTA yid To Ca?*

105 popéc peyaAUTepn amod
EGTA authv Tou Mg,
[Ethylene glycol bis(B-aminoethyl ether)- To ¢a* mpoTiud

N.N,N',N’-tetraacetate] umepPoAikad Toug 80Teg
aTopwyv ofuyovou.



POopilovTec deikTeg Ca?

rCOO‘ -00C \ COO~ ~00C
—C00"  -00C —. r \\
N

N _— €00~ ~00C—_
O- @) N N
N @)
/ N
c o=
N\~ CH50 =
AN\
\/
COO-
Fura2 Quin2

Aiamtepvolv eAclBepa Th HepPpdvn WE PN opTIOHEVA E0TEPIKA TTApdywyd. ZTo
KUTTAPOTTAdONA Hid £0TEPAON amokoPel Thv 6€ivn Hopwh Tou BEiKTN.



To ypdpnua dcixvel TWE To
pdopa difyepaonc Tou Fura 2
TIOIKIAEI HE Th CUYKEVTPWON
Ca?*.

Ma mapadeiypa, av n digyepon
ouppei ota 340 nm (kovTd oTn
mepioxn UV), n évraon
ekTrouTtn¢ (Ttpdoivoc @Oopiopac,
peTpnhpévog €dw ota 510 nm)
Oa au§nBci mapouocia Ca?*.

excitation spectra

605
353

227
151
101

Evraon ekmopnnic

[Ca2

emission wavelength 510 nm

T (nM)

1 I

300 340 360

excitation wavelength (nm)




carbachol AAAYEC OTh OUYKEVTPWON TOU
{ 1mmol/I KUTTdpoTAaopaTtikoU Ca?*.
Emidpaon Tou eEwKkuTTAPIKOU

l Ca?%*

2 2+
NU
(S

EGTA 3mmol/I

O O, W M

0 seconds 300



Mnxaviopoi Tou au€dvouv Th oUYKEVTPWON TOU
KUTTApoTrAdopartikoU Ca?*

Ca*

[ Ca"Ca” ca” Vo La® ]




AmteAeuBépwon amd evBokuTTdpie¢ amoOnkeg: Ymodoxeig puavodivng kai IP;

3Na 2K

Sarcolemma @
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KaApodouAivn

FKB12

FKBP12

structure of RyR1



(a) Voltage-sensitive RYR (b) Ca%*-sensitive RYR

(skeletal muscle) (cardiac muscle, neurons)
A Voltage A Voltage
Dihydropyridine Voltage-gated
receptor Ca?*channel

o o
-] ® 2
o ® .. o.o
® o @ ®
® e o ©
Ryanodine o N®
receptor ® 9
Ryanodine
receptor

Sarcoplasmic
reticulum

Endoplasmic
reticulum



Molecular organization of the Ca,1.1 L-type channel from skeletal muscle
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Molecular organization of the Ca,1.1 L-type channel from skeletal muscle.




Molecular organization of the Ca,1.2 L-type channel from heart muscle




Eicodog e€wkutTdpiou Ca®*: VOCCs: voltage operated calcium channels

Extracellular Gabapentinoid[
matrix
Channel
regulation

H,N
Extracellular

Plasma
membrane

Intracellular




Structural organization of the Cay2 family of channels (N-type, P/Q-type and R-type) summarizing the
sites where various signalling pathways act to control channel function.
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Presynaptic neuron

Ocz:-,

Synaptic end bulb

Nerve impul

Voltage-gated Ca®*
_channel

----- -2 4 -

e } \ —— Ligand-gated
Ligand-gated -u'“ - ‘3‘,’.& | channel open

channel closed

Postsynaptic neuron

ePostsynaptic > eNerve impulse
potential
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Dorsal root
ganglion

Primary afferent
neuron (AS/C fibre)

PRV b e W e e s P TP

AL

Nociceptors
in skin, deep tissues
[JDorsal horn

[JVentral horn



The entry of Ca2+ to a cardiomyocyte through L-type Ca2+ channels stimulates the release of Ca2+
from the sarcoplasmic reticulum through RYRZ2, leading to activation of myofilaments (in the
sarcomere).

3-AR Gq /1-protein-coupled ®»— ca®*
agonists receptor agonists

Plasma membrane

C.

Ca?* (P)
)
~

L-type Ca?* T T

channel

Sarcoplasmic
reticulum

C820
Na*/Ca?*
©

T tubule

Sarcomere



Ta kavdAhia TUmou L, (Long-lasting) PpiokovTal kupiwg oTa puikd KUTTapa (kapdiakd Kal OKEAETIKA), 6TTOU
eUTAéKOVTAl 0Th ouvdean diéyepong-oUomaonc. Eivar emiong yvwotd kar w¢ utmodoxeic diudpomupidivng, oe
oX£0n PE Hia oIKoyEVEId PApHAKWY, TToU HTTAOKdpouV e€ €181keupéva Ta kavdAia L-TUmou Kai
xphoigotoioUvTal yia Th Bepateia TG oThOAYXNC, ThG Kapdiakh¢ appuBpiag Kar Tng umépTtaong. Eivai
ueUBuva yia éva apyd peupa e106dou Ca2*, To oToio avTITiOeTal oTo peUpa e£68ou K* kai dnpioupyei To
plateau Tou duvapikoU dpdong oTa puikd kKUTTApd. Ta kavdAia L-tUmou avoiyouv otadiakd, 660 To dUVapIKo
TNG HeUPpPAVNG aTtoKTA AIlyOTEPO APVNTIKEG TIMEG KAl 0T @don ThG HEYIOTNG EKTTOAWGONG, 0TV KOPUYA ToU
duvapikoU dpdong, civar avoixto 1o 70% Twv KavaAiwv.

L TIto

P ITkr
0- | | 4

mV ' \
Ina ! ICG \

. IkaTP)
0 300
msecC




> 1n ApoagdégiAa: Transient Receptor Potential Channel: To
pelpa £106dou Ca?* evepyoTmoicital 10 sec petd TNV Kévwon

TWV amodnkwyv
Ca2+

!

| GPCR BCR \ /

 §
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®wTopeTaywyn oth 0pocdPiAa
Ca?*

}

(a)

Transient
Receptor
potential TP

(b)

InaD

T pac: calcium release-activated

calcium current

| light activated current |

WT

1nA

_

200 ms

==

W PDZ domain

InaD

(mutant)
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Ca2* entry pathways:

Store-operated
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Ca?*-ATPase

cytoplasm

transmembrane

lumen of SR




Entry of Ca?* through agonist-operated channels

AGONIST AGONIST
0o B gh




Structural organization of the nicotinic acetylcholine receptor.

Cross
section




Tetrameric
channel

Domain structure N
of a channel
subunit

RNA-edited Q/R site C

Glutamine is calcium permeable
Arginine is calcium impermeable




Structural organization of the A-methyl-D-aspartate (NMDA) receptor.
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2.C2

2 npatodoTnon péow Ca? neploxh
- 20v0eon Tou acPpeoTiovu o€ TTPWTEIVEC

=« TTOAUTTETTTIOIKA TUAPATA TTou deopelouv Ca?*

1. EF-xép1 Kd=10-7-10> M




Protein Type Ca?*-binding  Probable function Special location
domains

Calsequestrin Ca’* buffering SR in muscle

Calreticulin Ca”" buffering ER

Parvalbumin EF-hand Cytosolic Ca** buffering Muscle/nerve

Ca’*-ATPase CaM dependent Pumps Ca?* out of cell Plasma membrane

Ca?*-ATPase (SERCA)? Pumps Ca’?* into stores ER membrane

Calmodulin (CaM) EF-hand Multipurpose Ca?*-sensing mediator

Troponin C EF-hand Ca’*-sensing mediator of contraction  Striated muscle

Ca**/calmodulin kinase I CaM is a regulatory subunit Multipurpose signalling

Myosin light chain kinase Ca?'/CaM dependent Phosphorylates myosin |l Smooth muscle

Adenylyl cyclase (I lILVIII) — Ca**/CaM dependent Makes cyclic AMP

Cyclic nucleotide Ca**/CaM dependent Breaks down cyclic AMP

phosphodiesterase (IA-C)

Phosphorylase b kinase CaM is a regulatory subunit Phosphorylates glycogen Skeletal muscle

phosphorylase

Recoverin Ca’*-myristoyl switch EF-hand Ca’*-sensing mediator Photoreceptor cells

Calpain EF-hand Protease

a-Actinin EF-hand Cytoskeleton

Gelsolin Actin severing and capping

Synaptotagmin Putative Ca** sensor C2 Signalling Secretory cells

Calcineurin Ca**/CaM dependent EF-hand Signalling, e.g. transcription

(protein phosphatase 2B)

Protein kinase C 2 Signalling

(o, 1, B2.7)

Phospholipase C EF-hand, C2 Signalling

(all isoforms)

Diacylglycerol kinase EF-hand

Nitric oxide synthase

CaM is a regulatory subunit

Production of NO for signalling

#sarco(endo)plasmic reticulum Ca’* ATPase.



KaApovTouAivn kai Tpotrovivn C (oToug pug)

Calmodulin (apo)




CaM-binding
protein kinase

ato-KaApgodouAivn (inactive)

CaM binding

regulatory domain
site

:) Ca?* - CaM

.p\
k4 Caz2+

Calcium io
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ion Cellular response



cyclic nucleotide metabolism

cyclic nucleotide phosphodiesterase

adenylyl cyclase
NO synthase (guanylyl cyclase)

cytoskeleton

%{_rofem phosphoryla’no% o F
. calmodulin kinase I&II Tau
~ elongation factor-2 kinase fodrin

. phosphorylase kinase
%imyosin light chain kinase

SN

calmodulin neuromodulin

N
\

Cal* ’rr‘anspor"r'

protein dephosphorylation o membrais

calmodulin-stimulated protein
phosphatase (calcineurin)



CaM kivaoeg civai:

- N Kivdon ThG pwapopuAdong,

- n Kivdon Tng eAappidg aAuaidag Tng puoaivng (MLCK: Myosin Light Chain
Kinase) ou evepyomoliei Tn oUomaon Twv Agiwv HUWY, Kal

- ol CaM-kivdoeg I-IV.

H kdB¢ pia amé autég aAAnAemidpd pe Thv KaApodouAivn yid va peTatpéyel éva
ohpa Ca?* og ohpa YwoPopuAiwaong.
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gvepyoTIOiNnON TWV
; uTto00X WV TOU YAOUTANIKOU
; (AMPA kai NMDA) odnyei
oTnv abénon Tou Ca?*. To Ca?*
ouvO£ETal HE TNV
KAaAPovTouAivn,
EVEPYOTIOIWVTAC TTOIKIAOUG
OTOXOUG:
Tnv PKC Kkai kivdoeg
Tupoaoivng (TK) mou
HETAPEPOUV TO HAVULA OTOV
TTUpAVA HEOW TWV

O poéAoc Tnc CaMKIT oth
e . HVAUN Hakpdc Sidpkeiac péow
= subsequent TnG 01adikaaiag LTP (long
. ;rea;:jglierj term potentiation). H

Increased Ca?*
concentration

activates CaM

CaM

TK Retrograde UCTGYPGLPIKUJV TTGPGV()VTWV
N RO ormionie  CREB, Kal
acid, and others Thv CQMK—II, n oTroid
. PWOPOPUAILLVEI TOUC
uttodoxeic YAouTapikoU
Y AMPA, tapareivovtag tn
i?egié’:g . P d1dpKela TG avoiXTAG Toug

generator KATAoTAONC.




H kaApodouAivn amoTeAei Tn 8-

uttodovada Th¢ Kivdong Tng
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KaAoiveupivn: pwogpatdon Ser/Thr

Mépoc Tou oupTTAéypaTog cival kai €va popio
KaApgovTouAivng ttou dev ameikovileTal

KaraAuTikn uttopovada:
KaAaiveupivn A 4
TPWTEIVIKA pwogaTdon 2B
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KaAaiveupivn kai evepyomoinon Twv T-AEHPOKUTTAPWY
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Oxidase domain CAM

Citrulline NO

eNOS Oxygenase Reductase L-arginine + O,

["1a Tnv evepyomoinon
¢ NOS,
OUHHETEXOUV 0UYOVO
kai NADPH oav
oUVUTIOOTPWUATd, KAl
FMN, FAD,
TeTpaUdpopiomTepivn, & .
dign, cUUTTAOKO NADP: + H* -
Ca?*/kahpodouAivn

kal mBavwg Zn* gav o
QUUTTAPAYOVTEC.

L-citrulline + NO

NADPH
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NADP* + H*
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AMPA et
receptor omi m
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H otevn oUvdeon Tng ouvBdong Tou NO (nNNOS) pe Toug uttodoxeic NMDA, warte
va UTTOPEi va avTamoKpiveTal KaAUTEpa oTIC TTdpodIKEC aAAd EvTovec auEnoEIC TRC
OouYKévTpwong Tou Ca?* Tou oupPpdaivouv KovTd oTd avoiXTd kavdAid.

ATto Nichols J et al, From Neuron to brain, 2001,



PKG
Protein —— Phosphoprotein

NOS Decreased [Caz+]i — Relaxation

Arginine —> Citrulline + NO

Endothelial cell Smooth muscle cell

H dpdon Tou NO oTn xdAaon Tou HUOC kai h puBpIoH Tou améd To Ca?*. Ta
ev0oOnAiakd KUTTApPd Tou evepyoTroioUVTdl ATtd ThV AdKETUAOXOAIVN, n oToia péow
Tou pouokapivikoU GPCR umodoxéa Thg (MAChR) mpokaAei atnon Tou Ca?*.
Evepyomoicital n NOS, mapdyetal NO, To omoio diaxécTal aTa yeITovikd Acia
HUIKA KUTTApd, OTTOU TIPOKAAEi evepyoTroinan Th¢ youavuAikng kukAdong (GC) kai
Héow auTAC eAdTTwaon Tou Ca?* kal XdAdonh Tou pu.



Ca?* e€apTwueva évluua ou dev puBuiCovTal amd Thv KaAuodouAivn

1. KaAmdivn: mpwTtedon kuateivng (dpa o€ HovoTdTia KUTTApIikoU BavdTou)
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Tail = Actin bundles

Actin bundles
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Apdon Tn¢ KaATdivng otn peTavdoteuon Twy KUTTdpwy. AiakpivovTal 3Uo 1I00HoPPEC
KaATIdivng: n p- kair n M-kaAmdivn. H p-kaArdivn evepyomoicitar amé Tnv avénon tou Ca?*
amé pnxavoefapTwpeva kavdAia Ca?* kal TpwTeoAUEl TIC TTPWTEIVEC TWV ONUEIWVY E0TIAKAC
TPooKOAANoNG d1sUKoAUVOVTAG Th HETAVACTEUON TOU KUTTAPOV.

H M-kaArdivn PpiokeTal oth pepPppdvn, oTo omioBio HEPOC TOU KUTTAPOU, EVEPYOTIOIEITAI
amoé urodoxei¢c avgnTikwy mapayovrwy (EGFR) kai kataatpégel TIC IVTEYKPIVEC
ETTPETOVTAC TNV ATTOKOAANON TNE “oupdc” Tou KUTTdpou.



2. ouvamtotaypivn (aioOnthApag Ca?* yia e€wkUTTWON)
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Nerve
impulse

amd 1o Ca?*

After synaptic transmission,
acetylcholine and vesicles
are recycled.

An action potential arrives and
initiates synaptic transmission.

Na* channels open, depolarizing
the axon terminal membrane.

Action

éDepoIarization of the terminal W il
poten

membrane causes voltage-
_gated Ca®* channels to open.

G
¢ s 0ot *
Acetyl CoA
L4 + e ”®
¢ choline
L T

N

6 Ca?* enters the cell and triggers
fusion of neurotransmitter

Lvesicles with the presynaptic

membrane.

Axon terminal
of cell

Action/

potential

Neurotransmitter molecules
diffuse across the synaptic cleft
and bind to receptors on the
postsynaptic membrane.

AmteAeuBépwan veupodiaPipacTh

Postsynaptic cell Acetylcholine is broken down by
the enzyme acetylcholinesterase.
Acetylcholine components are

taken back up by the presynaptic

cell for resynthesis.

Activated receptors open chemically
gated Na* channels and depolarize the
postsynaptic membrane. The spreading
depolarization fires an action potential
in the adjacent membrane.

Acetylcholine Synaptic
receptors cleft




3. DAG kivdon

(a)

ATP  ATP

PT L»PIID &»PIPZ
inositol J %IPIS

CDP-DAG

¥ 5

(b) Aopn Tng DAG Kai Tou pwogaTidikou.

ATP CGZ+
s
D, OH ¥> Bis 0—pm0
A \_ _ . % il L
R DAG kinase o
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diacylglycerol phosphatidate

O1 avTidpdoeiC Tou KUKAoU Twyv AItidiwyv Tn¢ 1voaiToANG: n Kivdon The
d1akuAoyAukepoAng Tepparilel Tnv evepyomoinon The PKC

Ta évQupa éxouv we e€Enc: (1) pwapoAitdon C, (2) DAG-kivdon, (3) cuvBdon Tng
CDP-diakuhoyAukepoAng, (4) ouvBdon Tng ewogatiduloivooiToAng, (B) Kivdoeg

TG PWaeaTtidUAoIvoaITOANG.
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