6. cAMP Regulation of PKA = Activation of Protein Kinase A (PKA)
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BT 81 TfohT PKA 3F TEH WIS BRBRISAC HR THT ¢ Glucose mobilization & IH Ha—A & HUR
IfcRad &) @&l & S1QTdl, phosphorylase kinase, G?I?glycogen synthase, PKA Ao WW&W%@
o lhl%l‘blilsac HY Hohd %I _s':lff protein phosphatase-1 (regulation of glucose metabolism), heart muscle

troponin (contraction), myosin light chain kinase (muscle contraction), phosphofructokinase (anaerobic
metabolism), and CREB (transcription factor) %I
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2. G;: G inhibitory

g adenylyl cyclase &7 inhibit (i = "inhibitory") #=ar 2, cell # cAMP @ level low ar & | Goy somatostatin &
receptor ¥ activated gram 2|
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» Cholera toxin, Gs & covalent modification @ catalyze @=ar g | ADP-ribose & NAD™ & Gyo @1 GTPase
active site W arginine residue W mHIRd fhar srar 8, ADP-ribosylation Gso =T GTP hydrolysis Jiear 2|
Stimulatory G-protein permanently activated g7 & | RvTRGwY cAMP &1 AR high levels intestinal
epithelium & cells ¥ salts &7 JAR™E JHAM B ¢ | RS AT H water 0smosis & AT TR e &, Rrad! gois
¥ diarrhoea & S 2, St fatal 81 |1 7, 3R salts iR water 5o replace =T f&3 S @ |

P Pertussis toxin (whooping cough disease) ADP-ribosylation @I Giq @ cysteine residue W catalyze a=ar 2;
o™t inhibitory Go GDP to GTP & exchange % # srwel g7 &ralm § 3R Inhibitory pathway %@ wmar 21 ADP-
ribosylation T& W Ufshm €, RS9 980 9 proteins 3 activity Fafid 81l 8, eukaryotes (including mammals)

3R 7't 9@ fF prokaryotes # i |

3. Goyg

7 phospholipase C (PLC) & activate &RaT 8, St second messengers &1 UaT &xal z:
e inositol trisphosphate (IP3)
e diacylglycerol (DAG)
Gag, G proteins % UrT ST €, coupled to receptors for:
e vasopressin
e thyroid-stimulating hormone (TSH) 8k
e angiotensin
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Phosphatidylinositol signal cascades:
1. phosphatidylinositol-4, 5-bisphosphate (PIP,) e @<= @& forg Kinases Pi @7 ATP ¥ inositol ring @ 5 & 4 position
B hydroxyl group W™ sequential transfer @I catalyze &< €, |
2. PIP2 Phospholipase C ¥ cleaved BT 2|
» Phospholipase C @1 3/ 3T isoforms # faf=T regulatory domains 810 € 3R $9 T8 1T 37T signals &
forg respond & €

a. & G-protein, called Gq Phospholipase C @1 T&% w9 &I Afhd &Rl &1 S T particular GPCR (receptor)
activate &IaT &, GTP, GDP & fofv 3ne=—g & el 8| fhR Gqo-GTP Phospholipase C &7 Afsha #RaT 2 |
> Ca%, it Phospholipase C @1 activity @ forg =nfey grar 2, negatively charged residues 3R phosphorylated
inositol @ phosphate moieties @1 active site @& W1l TRER fHaT HRal 7 |
3. PIP, @1 Phospholipase C gRT cleavage ¥ 2 secondary messengers WIal &K1 2: inositol-1,4,5-trisphosphate (IP3),
iR diacylglycerol (DG)
4. Diacylglycerol, Ca?* & 1 Protein Kinase C @1 Wfsha &_ar g, S s cellular proteins & phosphorylation @1
catalyze ®X®, ST Afbaar 91 < &
5. IP3 (inositol-1,4,5-trisphosphate), endoplasmic reticulum (ER) membranes % Ca?* release channels fshd &ar

21 ER # stored Ca?* cytosol # Haw BIem ¥ | W&t ¥ calmodulin ¥ g8 w&am ® a1 Protein Kinase C @1 @fshd &) Aadm
gl

Protein Kinase C (PKC)

They have following features: -
3 Ser/Thr Kinases &t &1 S f% Ca2+, phospholipids and diacylglycerol (DAG) gRT fshg & 2 |
* WS A cytosol # W § wfds W 89 W A cell membrane W ugg@) &% substrates B Phosphorylate &
2 99 (e.g., Myristoylated Argninie Rich C Kinase Substrate, MARCKS)
e & A $ AR eI ufharst #§ A learning & memory, cell division & cancer # # affaferT ax 21

Signal turn-off OH, Ca**-ATPase pumps 3R IP; degradation & cytosol # ¥ Ca?* &1 removal nfic F=ar 2: IPs

(inositol-1,4,5-trisphosphate) @ enzyme-catalysed hydrolysis gRT sequential dephosphorylation & inositol urer

BT 8, ST f% phosphatidylinositol @& H3e¥oT &7 T substrate 8T 2|

a. Kinases, 5t P (phosphatidylinositol) @7 PIP2 (PI-4,5-bisphosphate,) #ager €, inositol ring @1 ATP % hydroxyls
@1 positions 4 & 5 ¥ phosphate &I transfer &= 21

b. Phosphatidylinositol-3-Kinases S/fd catalyze phosphatidylinositol @T inositol ring @t 3 positions R
phosphorylation catalyze @=ar | For example: phosphatidylinositol-3-phosphate (PI-3-P) . PI-3-P, PI-3,4-P,,
PI-3,4,5-P3, 3R PI-4,5-P, @ signaling roles &1 € |

Activated Protein Kinase B (also called Akt) 987 ¥ proteins @ serine threonine residues @ phosphorylation
catalyze @=ar 2| $9@ metabolism, cell growth 3iR apoptosis T &S ¥4@ <@ W & | Protein Kinase B activity &1

downstream metabolic effect glycogen synthesis, glycolysis @I SfRTd &1, 3R gluconeogenesis &1 JwT Y
e B |




Ca™ Signals
Modulation of Cytosolic [Ca**]

» Cytosolic [Ca®'] =m™=ad: one micromolar § %9 BidT &, fh<i 3ik endoplasmic reticulum (ER) membrane # #igig

Ca’'- ATPase pumps s low concentration ! s+ 3 8, Ca®! @I cytosol 9 X cell & arex ar ER # transport

BRS |

» Extracellular Ca®" level mammalian organisms & millimolar range # gdr 8 | Plasma membrane Ca** channels
@I opening Ca*" signal 31 Y& a7 91 I el 2 |
» Ca’" ER # Wi oA ®U ¥ WATaT 8IT 2, Sit Udb major internal reservoir @ oXg &1 ol 8, SR 3 Ca?’ signaling

& aRM cytosol # Ca’' release 8Idr 2|

» Mitochondria 3R lysosomes i & uRRefidi # Ca?’ release I=d # 3k Ca?! reservoir & &R &1 Hvd & |
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» ER lumen # Ca?*-binding domains free Ca?* concenteration @7 buffer @< € ik Ca?* storage & fory emar 91 <d
& ER Ca?*-binding proteins # per molecule 20-50 low affinity Ca*-binding sites it €, acidic residues consist

Pl € | Examples:

# Calsequestrin SR @ lumen # 21T 8, [muscle &7 specialized ER:

sarcoplasmic reticulum (SR)].

folding ¥ +f qffer forrar 2

Cytosol a1 other cell compartments # Ca?* concentration
indicator dyes a1 SH proteins & monitor f&ar ST &, S A
luminescent & a1 fR Ca?* A4 5s @& 30+ fluorescence change a&x
o € | Fluorescent indicators confocal fluorescence microscopy
¥ use 89 g, high-resolution imaging 3R cells #§ Ca*

fluctuations ®T quantitation provide & &|

Ca?* (cytosolic) # transient increase one a7 Ca?*
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signal-

entry channels @ vicinity # localized fowar i waar 2 | ¥ localized Ca?* "puff" a1 "spark" S+ effectors @ activate
oAl ¥, ST additional Ca?* release induce @< &, =1 cytosolic Ca?* # more widespread increase grar & | Higher
cytosolic Ca?* @1 T& “wave” neighboring cells # +ff %a da&d 2|




Ryanodine Receptor:
% Ca®* Release Channel

Sarcoplasmic reticulum (SR) @ membrane % & large Ca?*-release channel, ryanodine receptor(sd®! plant
alkaloid ryanodine ¥ sensitivity @ ol ) ®Earar €| o1d SR lumen & cytosol # Ca?* ryanodine receptor @ gRT
release 811 ® Skeletal &R cardiac muscle &1 dqga |fka gar © |

T tubules muscle cell plasma membrane @ &= & g=et €| T tubule membrane # voltage-gated Ca?* channels
closely apposed SR membrane # ryanodine receptors & R fohar #=el €1 T tubule § T action potential gRT
voltage-gated Ca?* channels @ activation ryanodine-sensitive Ca?* release channels @I @ierdr 2| Ca%* Tl
ryanodine receptor @ transmembrane &% & @@= 918 # ryanodine receptor's @1 cytoplasmic domain ¥ 8T a1 SR

lumen 3 cytosol & ST 2 |

¢ Ryanodine receptor cytosolic Ca%* & micromolar concentrations TR @/ a4 & Ak 8IaT 8 | 3¥d: cytosol #

HH AT § Ca?* &1 yaw, further Ca?* &1 Had dar 2|

¢ High (e.g., mM) cytosolic Ca?* ryanodine receptor channel @' fAf€pa @=ar ?, R signal o & oI 2|

IP; receptor Ca** Release Channel
gga W mammalian cells # IP3

(inositol-1,4,5-
trisphosphate), endoplasmic reticulum & Ca®* release
trigger @xar € | "Second messenger" |P3 S &Ral g, SN
in response to hormonal signals, from the membrane lipid
phosphatidylinositol.

+ IP3 receptor U@ ligand-gated Ca2*-release channel g, 5t
endoplasmic reticulum membranes % embedded &r@ar ¥
718 ryanodine receptor channel % distinct g1 2, tr=g partly
homologous 4 grar 2|

¢ IP3 receptor @1 cytosolic domain = Ssa1 &, channel
opening &I §eral 21| IP3 & regulatory phospho-protein
IRBIT &1 fSaffa@ &xar €, 51 f same site &R bind &=aT 2|

¢ Ca%, IPs receptor & ligand-binding domain TR g & 3R
channel opening @1 dgrar & | However, high cytosolic Ca?*,

St f&% channel opening @ @1 fdwfia gt 2, channel closure
BT gl B
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3ra: IPs-activated 3fR ryanodine-sensitive channels ST low cytosolic Ca** | |fha 810 € iR high cytosolic Ca** ¥

fofspa & 21

High cytosolic Ca?* gr1 Ca?* @1 feedback inhibition, Ca2*-ATPase pumps @I activity & <1, signal turn-off #
contribute @ € 3k Ca?* concentration ® observed oscillations ¥9a s91d £ |

Some Cellular Responses Mediated by G-Protein-linked Receptors Coupled to the Inositol-Phospholipid

Signaling Pathway

Target Tissue Signaling Molecule

Major Response

Liver vasopressin

glycogen breakdown

Pancreas acetylcholine

amylase secretion

Smooth muscle acetylcholine

contraction

Mast cells antigen

histamine secretion

Blood platelets thrombin

aggregation




