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A deKkTbl HOpaapeHanuHa
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K yemy npmBenetT nsdbITOK
HopaapeHanuHa?
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AUETUNXoNNH

CHWXeHne Bo3byanMOCTU 3a CYET :

yBeEITMYEHUA NPOHNLAEMOCTU AJ1A4 KaJ1nA

CHNXXEHUNA aKTUBHOCTU
adeHuIatTymKria3bil.



ameHeHwue 1 Bognutensa putma
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AUETUNXoNNH

OTpuuaTtenbHble

XPOHOTPOMNHLIN
MHOTPOMHGLIN

baTtMoTpOonHbLIN
[1poOMOTPOMHbIN



K yemy npmBenetT nsdbITOK
aueTunnxonmHa?

CHuxeHue BO3byanmocTu ao
HeBO3MOXHOCTU BO3HUKHOBEHMUSA

MAo.

[Tpumep — B onbITe [onbua



dusnonornyeckmue CBOUCTBA
rmagkux mbiLuu

. ObnapgatoT aBTOMaTMEN.

. CNocobOHbI K ANUTENbHbLIM
TOHUYECKUM COKPaLLLEHUSIM

. CokpaLlatoTca B OTBET Ha
pacTaXeHune

. Bbicoko YYBCTBUTEJIbHbI K
bronornyeckn akTUBHbIM BELWWECTBAM
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MexaHnam MblLLeYHOoro
coKpalleHuns

Komnnekc Ca++ ¢ kanbMOgYyITIMHOM

AKTUBAUNSA KMHA3bI NErknx ueneu
MWO3UNHA

docpopunmpoBaHne ronoBKU
MWUO3UMHA

Obpa3oBaHme NonepeYHbIX
MOCTUKOB
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Cocyabl UHHEPBUPYIOTCH
CUMMNAaTUYECKUMMU
HepBaMu

rlOCTFaHFJ'II/IOHaprIe BOJIOKHA BblOEJTAKOT

HOPALPEHAIINH



Peakuua rnagkux Mol Ha HopaapeHanuH
U agpeHasiuH 3aBUCHUT OT TUNA
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OHOOTENNN COCYOOB

Camoperynsyms KneTouHoro pocra u
BOCCTaHOBIEHUS

MecTHas perynsaums cocyamcToro
rMagKoOMbILLEYHOro TOHyCa: CUHTES
npocTarnaHaMHoB, 9HOOTENNHOB, OKcuaa asoTta
(NO)

AHTUKOArynsHTHble CBONCTBA NOBEPXHOCTH

Peannsaunsa 3awuTHbIX (dparoumTtos) u
MMMYHHBIX peakuun (CBs3biBaHME MMMYHHbIX
KOMMJ1EKCOB)



AHMABHPO ERAHHE
MPEFAU.I‘-IH

PACCNABNEHWE

PactaxeHue
HDasneHue caBura

Tpom6uH APErAUMA
CepoTOHMH e

AOOD

AUeTUNXONUH

MecramuH

BEpaguKUHMH

COKPAWEHUE



KneTtoyHble peuenTopbl AENATCA Ha
crneayoLme Knacchbl

* MEMOpPAHHbIE

—peuenTopbl, CONPAXKEHHbIE C G-
benkamu

—peuenTopHble TMPO3NHKNHAS3bI

—CconpAaxXeHHble C NOHHbIMU
KaHaJ1dMU

e UuTONnasmaTuyeckme
* A0epHble
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G-6enku - ' TO-cBa3bIBaroIye OCIKH, I'yaHHH-

HYKJICOTHU/ICBSI3bIBAIOIINE OCIKHU
Bunarsr G-0eskoB:
(Gs-0€JI0K — CTUMYJIMpPYET aJlCHUIIATIIUKIIA3y;
(G1-0e10K — MHrMOMpYyeT aJlCHUIIATIIUKIIA3Y;
(G0-0e10K - pacnpoCTpaHEH B HEPBHOM CUCTEME;
(Gqg-0enok — aktuBupyeT Qocdonumnaszy C;

Tpu ceHcopHbIX Oenka (MEMOpaHHBIC PEIENTOPHI B
CEHCOPHBIX CUCTEMAX):

Gt (TpaHCIyLIUH);
Golf (B 00OHATEIBHOM SMUTENNH);

Ggust (racTIyIlIMH — BOBJICUEH B MPOIIECC BOCTPUSATUS
TOPBKOTO BKyCa).



CtpoeHue G-Oernka

* ['eteporpumMmepHbie G-0€IKH COCTOST U3 TPEX
cyobenunul] (CE): a,,y.

* OyHKIMA U crienupuIHOCTh G-0€1Ka 0OBIYHO
onpenensercs a-CE.

* Kak nipaBuiio, 3 1 y-CE npo4HO CBsI3aHBI
MEKTY COOOM.



Mep B MY HBIA
nepeHoc4YM1kK PeusnTtopbl

HMHD OpRS LAI —. NAasmMa nemM bl

G-NpoTeMHbI

3ddek TOpHBIE

npoTerHbBl LiTonnasma
/ 1 \ KNeTKK

BTopu4HbIe NepeH OCHM KN MHDO prIaL M
cAMP, cGMP, Caz2+, Pl, &2, NO

Ll

Peakw KNeTKK, OOTEETC T B YO WMe
XapaKkTepy WHDO prMa LM
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PerynatopHbin Lnkn G-benka:

* 1) Perenitop, akTMUBUPOBAHHBIN JIMTAHIOM,

* Karalu3upyeT ocBoOoxkacHue I JID, CBA3aHHOTO C
a-CE G-0enka u cBsa3piBague [ ' T — akTuBanms
G-0Oenka;

* 2) Iucconmanmsa G-0emnka Ha o-1 TO u Py-aumep;

* 3) AKTUBAIIMS UM TOPMOXKECHUE PA3THIHBIX
OenkoB-MuIlIeHEN B KieTke o-1 T (vame) nim Py-
IUMEPOM (4epe3 BTOPUUYHEBIC IIOCPEIAHUKH);

* 4) I'mgpomu3 o-I' T® go o-I 1D — neakTuBaLusl.
* 5) o-I 1D + By-numep = HeakTUBHBIN (G-0€JOK.



7-0OMEHHbBIN MEMDpPaHHbIN
peuenTop

NH;*

Cytosol

Figure 15-10
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GPCR

EXTRACELLULAR Protein kinase A
FLUID phosphorylation sites

Messenger-
binding site
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@ Resting state: Receptor is not bound to ligand; €©) Ligand binds receptor; the receptor binds (3} G, and G/i,;,suburwits

G, subunit is bound to GDP and associated with G,j“,. a G protein; G, releases GDP and acquires GTP. separate.
EXTRACELLULAR Ligand
FLUID ™~

o G protein subunits activate or inhibit target 9 The G, subunit hydrolyzes its bound GTP to e Subunits recombine to form an inactive G
proteins, initiating signal transduction events. GDP, becoming inactive. protein.
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OCHOBHbIE Napbl «peuenTop-G-6enok»
Gs pP-agpeHopeuenTop; Dl’s-peuenTop (mopamun); H2-

penentop (rucramun); SHT 4.6, Peuentop (cepoToHUH);
penenTop IJIIOKAroHa; V2-peuentop (Ba3onpecCHH);
penenTop KajJbUUTOHUHA.

0.2-apEHOPEIEITOP; Mz, ,-peuentop (auetTwixonus), D, -
peuentop (modamun); SHT -penenirop (CepoToHuH); O,HL,
K-pElENTOpbl  ONMUATOB; PEUENTOPbl COMATOCTATHHA;
GABAb-peuentopsl TAMK;

al-agpenopenentop; M, , .-penenrop (anerunxomnus), H1-
peuentop (rucramun); SHT -penentop (ceporonun); V1-
peuentop (Basonpeccun); B, ,-perentop (OpaauKuHUH);
Elez-peuenTop (PHIOTEIINH); CCK -penentop
(XOJICIIMCTOKHWHMH).




(Gs-0€e0K — CTUMYIHUPYET aACHWIATIIUKIIA3Y;
(G1-0€eJI0K — MHTHOMpPYET aACHWIATIIUKIIA3Y;

Stimulatory | Epinephrine Inhibitory | PGE,
hormone Glucagon hormone ) Adenosine
ACTH |
° o
Exterior Adenylyl (¢ . A
cant O
cyclase h‘\\\O“ >
Cytosol
Receptor for p Receptor for
stimulatory « v J N . ,  inhibitory
hormone Stimulatory cAMP Inhibitory hormone
G protein G protein

complex complex

Figure 15-21
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I PeKT HopaapeHanuHa
B KNeTKax Mmokapaa
oOycnoBreH
B3aUMOOENCTBUEM C

B1-anpeHopeuentopamu
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AUETUNXoNNH

BnnaHmne AX cka3biBaeTcs
NpPenMyLLeCTBEHHO B YMEHbLLEHUN

HCC.

OpHako ymeHblueHmne HCC BmecTe C
HEKOTOPbLIM OcriabfieHneM cuUnbil
coKkpaulieHun moryTt cHmxkatb MOK

no 50% n bonee



Acet)iChol'“e K* channel

Exterior

Cytosol ﬁ -
G
Active muscarinic g

acetylcholine receptor
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A

G

T

P
Figure 15-15
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MpoTenHKnHa3b!

* — Nnoaknacc epMeHTOB KMHa3
(pocpoTpaHcdepas).

* [lpOoTEUHKMHA3LI MOONMPUUNPYIOT Apyrue
benkn nytem dpocdopunmpoBaHus
OCTaTKOB aMUHOKUCIOT, UMEILLINX
r’MOPOKCUIbHbIE rPYyNnbl (CEPUH, TPEOHUH U
TUPO3NH) UNN reTEPOLMNKITNYECKOU
aMUHOrpynnbl TMCTUAMHA.



[lpoTENHKNHA3DI

[TlpoTenHknHasza A, nnm uAM®-3aBucmnmas
NPOTEMNHKNHA33,

[TpoTenHkMHa3bl C 9TO CEMENUCTBO NPOTEUHKMNHAS,
codepallee nopsaka 4ecsaty N3SOPEPMEHTOB,
KOTOpbIE KNnaccnuumpyroT No BTOPUYHbLIM
nocpeaHnKam Ha Tpu ceMenucTea: TpaauLMoHHbIE, NNK
Krnaccu4yeckune, opurmHarnbHble, N HecTaHO4apTHbIE U
HETUMNUYHLIE

TpaanymMoHHbIM NpoTenHkmMHaszam C ansa aktmsauum
TpebyeTtcsa Ca2+, Anauunrnmuepors nnm
doochaTnannXonuH.

OpurmnHanbHble NPOTEUHKNHA3bl C akTUBMPYIOTCS
MOoreKkynamu guaumnrnuuepona, u He TpebytoT Ca2+.

HeTunn4yHblie n30dopmbl, HE TPEDOYIOT HN Ca2+, HU
ovauunrnuuepona aonsg aktmeauun,



§—— Signal molecule "7 Signal molecule

l Cell surface receptor Cell surface receptor

Adenylyl cyclase Phospholipase C

G protein
Endoplasmic

reticulum

Target protein

CAMP pathway (b) Ca** pathway



LAM®P-zaBncumasa nporemHkmHasa (A)

» COCTOUT U3 2-X PETYNATOPHbIX U 2-X
kaTanntmndeckux CE.

* PerynatopHble CE nogasnsawoT
doepMeHTaTMBHYO aKTUBHOCTb KOMMMEKCa.

 [1Ns akTMBaLUumM HEOOXOOMMO OTAENEHNE
perynatopHbix CE oT komnnekca.



[lpoTenHKMHaza A

Inactive PKA Active PKA
Catalytic subunits

Regulatory
subunits

Figure 15-23a
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MuLieHn ons npoTenHKnMHa3bl A

B cepaiie:
1) L-tun Ca-xaHaJoB,
2) PuanogunoBeii penentop (RyR),
3) TpomnonuH I,
4) MAO3UH-CBsI3BIBaroInn 0eok C,
5) dbocdomamoOaH.



KntoveBbIM peryrnatopom paccnabneHus
Munokapga aBnsietcs 6enok MmemopaHsbl
capkonnasmaTn4ecKkoro peTmkynyma

CDOCCbOJ'IaM6aH
docdopunuposaHme docdoniambaHa npu yyactum

BTOpUYHOro nocpeagHuka LAM® yckopsieT rugponms ATO,
aKTUBUPYET KanbLUMeBbIN HACOC capKonnasmaTnuyeckoro
PETUKYITyMa, NoBbILWAET cpoacTBO MOHOB Ca2+ Kk Ca2+-
ATdase, yBennymaas CKOPOCTb aKTUBHOIO TpaHCrnopTa MOHOB
Ca2+ 13 capkonnasmbl BHYyTPb capKonfiasmaTuyeckoro
peTnkynyma.

docconambaH ctumynupyetcsa HA

[TonoXXnTenbHbIN MHOTPOMHbLIN 3 EKT, BOZHUKAKOLLIUN NPU
CTUMYNSALUUN 3TOro TUMa peuenTopoB aapeHarIMHOM UIn
HOopagpeHanuHoOM, NPOSBNSAETCA B aKTUBAL MK Kak CoKpalle
HUA MUoKapaa, Tak u paccnabneHusi. Cnna cokpalleHus
cepaeyHon MbllLbl BO3pacTaeT npu yBennvyeHmnm cKopocTu
Bbixoaa MoHoB Ca2+ 13 capkonnasMmaTU4eckoro peTukynyma
B capKonsasmy un cBs3blBaHMA ¢ TponoHnHomMm C. Paccrnab
neHne Mmuokapaa npsmMo 3aBUCUT OT CKOPOCTH
aenoHnposaHna noHoB Ca2+ B capKkorna3sMmaTnyecKknm
PETUKYIYM Npn y4actmm doocdonambaHa.




SERCA-2

L4ype Ca?* channel

lNMpoTenHKkUHa3a A HaxoauTcAa BONU3N cBOMX MULLEHen bnaronaps
3asikopuBarowmum oenkam (AKAP — A-kinase anchored protein)



[TKA B MblLLUEYHbIX KIleTKax
N KNeTKax nevyeHu

(a) Muscle cells

Neural
stimulation

|

Ca2*

Increased Decreased

glycogen
synthesis

glycogen
degradation

(b) Liver cells

Hormonal
stimulation

Decreased

glycogen
synthesis

Increased

glycogen
degradation

Abbreviations:
PKA Protein kinase A
GPK Glycogen phosphorylase kinase

GP Glycogen phosphorylase
GS Glycogen synthase

Figure 15-32
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[TpoTenHknHasa C

Store-operated

Caz* %o o}: Ca?*
G coupled protein receptor (GPCR) Bhosplolipasa € channel "%
. / Ligand
Exterior
Plasma

n .
/
sy

Protein
kinase C

Crtosal @

IP;-gated
Ca?* channel

Endoplasmic reticulum

Figure 15-30
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[lpoTenHKknHasa G
ul M® 3aBmncumble npotenHkmnHasbl ( I'K-G ) He
CNOCOOHbI K ayTOdOCHOPUNNPOBAHMUIO.

Lumen of Acetylcholine
blood vessel l

Acetylcholine Phospholipase

[ GPCR J ’ { c J
Endothelial '3

cells
/ CaZ*/Calmodulin

NO synthase

Arginine + O Citrulline + {NO}

_________________________________

receptor Protein
—_—
PP;j 1

RELAXATION
Smooth muscle cells OF MUSCLE CELL



TABLE 15-1 Major Classes of Mammalian Trimeric G Proteins and Their Effectors”

G, CLASS  ASSOCIATED EFFECTOR 2ND MESSENGER RECEPTOR EXAMPLES
G, Adenylyl cyclase cAMP (increased) B-Adrenergic (epinephrine) receptor;
receptors for glucagon, serotonin, vasopressin
G, Adenylyl cyclase cAMP (decreased) o,-Adrenergic receptor
K" channel (GBY Change in membrane potential Muscarinic acetylcholine receptor
activates effector)
G, i Adenylyl cyclase cAMP (increased) Odorant receptors in nose
Gmq Phospholipase C IP,, DAG (increased) a,-Adrenergic receptor
G, Phospholipase C IP,, DAG (increased) Acetylcholine receptor in endothelial cells
G, ¢GMP phosphodiesterase c¢GMP (decreased) Rhodopsin (light receptor) in rod cells

*A given G_ subclass may be associated with more than one effector protein. To date, only one major G _ has been identified, but
multiple G, and G ; proteins have been described. Effector proteins commonly are regulated by G but in some cases by GM or the
combined action of G, and G .

IP, = inositol 1,4,5-trisphosp%1ate; DAG = 1,2-diacylglycerol.

SOURCEs: See L. Birnbaumer, 1992, Cell 71:1069; Z. Farfel et al., 1999, New Eng. J. Med. 340:1012; and K. Pierce et al., 2002, Nature Rev.
Mol. Cell Biol. 3:639.

Table 15-1
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TABLE 15-2 Cellular Responses to Hormone-Induced Rise in cAMP in Various Tissues*

TISSUE HORMONE INDUCING RISE IN cAMP CELLULAR RESPONSE

Adipose Epinephrine; ACTH; glucagon Increase in hydrolysis of triglyceride; decrease in amino acid uptake

Liver Epinephrine; Increase in conversion of glycogen to glucose; inhibition
norepinephrine; glucagon of glycogen synthesis; increase in amino acid uptake; increase

in gluconeogenesis (synthesis of glucose from amino acids)

Ovarian follicle FSH; LH Increase in synthesis of estrogen, progesterone

Adrenal cortex ACTH Increase in synthesis of aldosterone, cortisol

Cardiac muscle Epinephrine Increase in contraction rate

Thyroid gland TSH Secretion of thyroxine

Bone Parathyroid hormone Increase in resorption of calcium from bone

Skeletal muscle Epinephrine Conversion of glycogen to glucose

Intestine Epinephrine Fluid secretion

Kidney Vasopressin Resorption of water

Blood platelets Prostaglandin | Inhibition of aggregation and secretion

*Nearly all the effects of CAMP are mediated through protein kinase A (PKA), which is activated by binding of cAMP.
sourck: E.W. Sutherland, 1972, Science 177:401.

Table 15-2
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TABLE 15-3 Cellular Responses to Hormone-Induced Rise in Cytosolic Ca?* in Various Tissues*

TISSUE HORMONE INDUCING RISE IN CA2*  CELLULAR RESPONSE

Pancreas (acinar cells) Acetyicholine

Parotid (salivary) gland Acetylcholine

Vascular or stomach Acetylcholine

smooth muscle

Liver Vasopressin

Blood platelets Thrombin

Mast cells Antigen

Fibroblasts Peptide growth factors

(e.g., bombesin and PDGF)

Secretion of digestive enzymes, such as amylase and trypsinogen
Secretion of amylase

Contraction

Conversion of glycogen to glucose
Aggregation, shape change, secretion of hormones
Histamine secretion

DNA synthesis, cell division

*Hormone stimulation leads to production of inositol 1,4,5-trisphosphate (IP,), a second messenger that promotes release of Ca?* stored

in the endoplasmic reticulum.

SOURCE: M. J. Berridge, 1987, Ann. Rev. Biochem. 56:159; M. ). Berridge and R.F. Irvine, 1984, Nature 312:315.
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