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Axee AEAY 7lRadl Hxe] JEjg
B BAL FHANIE AATLRA 198
B39 9o vt poreS § 3l A Ao} o} F
e EFE9 ol ToFy AXute &4
8t =& A (receptor) 7} AEF A HAEH
AEE XY Agstd Frpal 4 A A
1—3')

AMEDY FRAGE A Ly FiA
F83% AT A A=27 9l3 R AR
29 o]} A& & A (second messenger) ] <3}
Axd e dAIE 2 ghgo]l tam AMEHF
(cell growth), WA (metabolism), ¥ & (excita-
tion), ¥4 (secretion), 43 (contraction) &
cellualr processol 9&& Fr}

v FEAld A E PHE7E G proteindl
A= T M Ede) F4:¢ adenyl cyclase”t &
38t slof M EA ] ATPE cyclic AMP 2 BH v
o] cyclic AMP7} ©] ARG S 2 A protein kinase
AZ ASFoz A AERE] dojyA o,
Acetylcholine® & neurotransmitterE 9l recep-
torgol 4 1 71HE AF3AAM adenyl
cyclase® A A7} LY HAEE A =HA oY o} F
AT RgozA FEAGF FAE 71A

5]

ol B A gl A gow Tut $a) 8+ G protein©l
Go, Gs, Gis 92 subtypec]l EAFozA Z
Z}9] typeoll e} G¥ol 2oz 9§y B33
Ao 2 AFHIL Yus-v),

0& shvte H2o Uz ez oy 32
2ol growth factor59 BRI AGA FA)
AEee) &7 Agdol G proteind] AT
=] A phospholipase’t &4 3 51 =& 4 < pho-
sphoinositol bisphosphate(PIP2) & £ A1 A
diacylglycerol(DG) 3 inositol triphosphate (IP
3)E VEGID o] FEHo| ol HHY EFoly
diacylglycerol protein kinase C& A5 g o2
M AE] g 2P #o s nlti2) jno-
sitol triphosphate endoplasmic reticulum&
ASeed MEANZ Ca?t & FEATA A XY
Ca?* & 7N 2A AN %S AT
T30 Fig 194 248 SR E Calt -
mobilizing agonistol ¢ ¥ receptor—G protein—
phospholipase C2H2] #AE Uehlilod Ino.
(1,4,5) P3= oA 3—kinasedl &} 3} Ins(1,3,4,5)
P4ZH 3L o] A& o] &8 XY Ca?t & BF3
7] 918ked A Xyt Ca’t & A EUWE EojoA
e 9 &8 3t} Ino(1,4,5)P32) ¥ #+= 5-pho-
sphatase©l 9] & # 3 = o] Ins(1,4)P2, Ino(1)P,
InositolZ ¥-3 ¥ W A lipid cycle A A % PIP2
Ao #HAY § AYe),

okx} @ oF © Ino(1)P;inositol 1—phosphate, Ino(1, 4) P2 ;jinositol 1, 4 —bisphosphate, Ino(l,4,5) P3;inositol 1,4,5—
triphosphate, Ino(1,3,4,5) P4;inositol, 1,3,4,5—tetraphosphate, 3 —kinase;Ino 1, 4,5 triphosphate kinase
DG; diacylglycerol, PIP2;phosphoinositol bisphosphate, PKC; protein kinase C, PLC; phospholipase C.
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FAd g 7ldo] 4 AL HI bovine
brain®] 4} phospholipase C(PLC)7} &4 ¥
H31 3 529 4 Aol 54 o] monoclonal anti-
bodyE HEE2A WX PLCY gened ¢
AF AL signal transductionol )& M ¥
Wel w3 A2 HAZEE WM go
T2 R fARA ) WstFS B
ATE T B¢ LR B oke
FA 9 Az Aol F7HA 9 pathway7F .27
DGOl 98 Bz AEe Yo 2EPozA
@8 FEAF BAV e Hog dAvHL
o PLCA 3 AR AG A A Cat 2 FA7}h
Ae tAtel FFE oA YrE 7R
oko) FAAHIL Ca?t I HAPBAHE AR
W5 NAR WHd Ao 720,
E e Az Adgs 2083 H29
3 7 phosholipase CE FHo 2 1 $8E5E4

% 23R
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Tabel 1. Hormones using cyclic AMP as a se-
cond ‘messenger

Calcitonin

Chorionic gonadotropin
Corticotropin

Epinephrine
Follicle—stimulating hormone
Glucagon

Luteinizing hormone
Lipotropin
Melanocyte—sitmulating hormone
Norepinephrine

Parathyroid hormone
Thyroid—stimulating hormone

Vasopressin

~A33-

1. ot Alo| 20| = (Adenyl Cyclase) Sy-

stem

Acetylcholine®} Y} norepinephrine2 & neu-
rotransmitterS 9] receptor’} &8 A 1 7] A
9] A+l A receptor~G protein complex 7} ade-
nylcyclaseE 843} 21712 cytosold) ATPE ¢
—~AMPE 8lEF O 2 A ¢~ AMPE |} AHBE A
NEY T8 ASEZ A48 19 B2 hor-
moneE HA c-AMPA 3 AR AY systemS
2 AEuz A<d¥ch(Table 1)2V,

Adenyicyclase®] €43t9] AE71H& £A 3}
o X YA(Fig. 2)hormone©°] A Zgol} AEA] re-
ceptoroll AX ¥} G protein©] A3 B}, G pro-
tein> membrane —associated®] 3 GTP —bin-
ding regulatory protein®. 2] uho] FH A G 9
Ft &Aootk Gprotein® Al7kRA 9] subunit
0,BrZ olFolx sglem o] F g_subunit7}
GTP% binding® 2. 24 active AHE "t} G
protein® Gs& Give 1 ZH3go] AolslH Gs
protein® c~AMP9 A4 £ 3= stimula-
tory protein®] ¥ o FAF0] 45,0000 1 BE
35,000°] ¥ r¥ 10,000daltonolth, 1t Gie
Gsoh wtff ot £ A A& KA o 31,
000 B 45,000 ri= 10,000dal®] ¥} ol ok, Gs$}
Gi Ztzto) Y 8] A& E o] receptor7t A 32D,

@A Zo] hormones 9 receptordt &
3F3l¥ adenyleyclasedl A &&3lA &2 acti-
vated receptor’t G proteing BA 3 A7)H G
protein® GTPS} ZAF3HA a9} pr7t Yol A
U2tth. G protein® a-°l 2 ¥ Ga-ATP7}
adenylcyclase®] diffusiondto] adenylcyclase®
24838 ANdga sy ojw A3 AFE G-
protein$- stimulatory2 @t} (Fig. 3)22-2, G
protein®] type°l Go, Gs, Gi% o] A &A% hor-
mone signal®]Y} regulatory systemo] wa} #
$0] =29 adenyl cyclase systemdXE G
protein®] #& gthe Ho] G A7 AEN
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Phorbol Esters ca?*

. Fhospho:
® lipase C
IS e 115 1P s NS(1,4)P ns(1,4,5)P,

L gk_ Ty eJ
7 Insd4P @ 5-Phosphatase:

G-GDP
Inactive state

G
' GTP

P
Catalyzed by
excited recentor
RH or R*}
H,0 (RH or
GoP

G
By

G,-GTP
Active state

Fig. 2. G proteins interconvert between an ina-
ctive GDP form and an active GTP form.
The exchange of GTP for bound GDP
is catalyzed by the hormone—receptor
complex. Ga—GTP activates the effector
protein. Hydrolysis of bound GTP bri-
ngs the G protein back to the inactive
state. The cycle is driven by the phos-
phoryl potential of GTP.

sl Ak 218 ol A G protein® Zt typeol
et A &g 871108 F 221} Second mes-
senger 2 Z-8-3l= c—AMPE 2% cellular pro-

cess®l FATt} Kreb™ Walsht c-AMPE

. Endoplasmic Reticulum (ER)
Fig. 1. Model of the cellular effects of calcium—mobilizing agonists!®’.

protein kinaseE ¥A 3} AlZlctn 8¢ ch2s.26),

& 9 Z protein kinase = skeletal muscle ) A
glycogen synthase$} phosphorylase kinase &
& phosphorylateA 71 ¥ c— AMPE glycogens
2 A7 §49& BA Az

C-AMPS] A2l #d 2 choleradl X ¥4
3] B = A=l Vibrio cholerae e G(-) &7
ofelaf XWAJA Hogx EA4F 87kdald) ©
A cholera toxin®l ¥¥ ¥ o] diarrhea’} &
AZF He) A A e) ot Toxine 749 A su-
bunit(A1,A2) ¢ 5709 B subunit7} 13 o] A&
A X 2} 9] GM1 ganglioside 9 28 3} <] intestinal
mucosaZ € 7F toxin® B chaindl &l 3] car-
bohydrate rich sphingolipid® A&k Al
chain®  Gs& modifydle adenylcyclaseE
B43 AJ:E G protein  active &) ol
A HFo] &A= adenyleyclased] &4 3}
7} hormoneflo)= o] Foj Wt} st c—
AMP level2 ¥°}A ion9 active transport”}
O] FAI Na* # Eof Foz WA Uzt
ololE 2l #Ys)(pertussis) toxin®) A &=
Gi @8 & B82S doA Gi proteind
A & (inhibitory) 71 5€ 2ot 284 9 g8 9
%3] Gi protein”] s A A9} o] R BHo| 5



12

Hormone .
=Y Activated

receptor
i
eI

Cytosolic face

Extracellular face

A
JLULLBLIBLARLLRE

Stimulatory
G protein

GT P
GTP-GDP each.ngo

of a subunit

‘Reiease and diffusion

—33s -

Adenylate

i
L

ATP Activation of
adenyiate cyclase
by G..-GTP

Fig. 3. The activation of adenylate cyclase by the binding of a hormone to its specific receptor
is mediated by Gs, the s* mulatory G protein. A single hormone-receptor complex
catalyzes the formation of many moleculex of Gs, Hydrolysis of GTP bound to the

a subunit of Gs terminates the activation of adenylate cyclate’.
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316 539

PLC-I HN B CooH
320 952

PLC-II HN { A }+—{C}-ot —{ 8 }- COOH

296 491

PLCAH HNeme——d{ & B_J—co0H

100 AMINO ACID RESIOUE

Fig. 4. Comparision of the structure of phospholipase C isozymes from bovine brain : Linear
representation of PLC-1, T and [I. Open boxes A and B denote the regions of ~150
and-120 amino acids, respectively, of similar sequence, The regions that exhibit simi-
larity to the nonreceptor tyrosine kinases are represented by open boxes C and D in
PLC-1. Numbers above each box refer to initial amino acid of homology box.

ERAE obF WA A gt} ojet AAHE 4
T2 Y & AL T retina transducin
T2 GA Gitk Gs& AY FASE GTPE S &4
o] ras A A9 A&l GTP-binding pro-
tein? #A doke ASE Fozo FLH
AF A G5 ALz,

2. Inositol phosphate system?| M EXNE 7|
|

Phosphoinositolo) cellular Ca?2™¢] F719 #
A7} 13 phospholipase C7F & 3tk Z o)
70ATh Fubel ShMop AL 1980 Mi-
chellE ] phospholipase C(PLC) ol 2] 3l Ino(1,4,
5) P37} AAA Ca?t levelE F7HA 7T R0

wEgdosAy g2 AEE AYHLE o W
"ol d75 A H3lth ! %71 19819 Nishi-
zuka¥ protein kinase CE #2138} 1L diacylglyce-
rol# phosphatidyl serineol &3 &4 3 =
protein kinase C7} Al XA x| 71Ag BA 7}
Arte AL FAFA H U8,
Hormone©l Y growth factor, 4173 A& A & o]
AEHS A4F8 ] signalol Al EEre] 58 A of
AG = phospholipase C7F &4 3} o] A X
2} o] phosphatidyl inositol diphosphate (PIP2) &
B3 A A inositol triphosphate (IP3) %} diacylgl-
yeerol(DG) 9 F7HA ol AAHESL Ao,
DG protein kinase CE 8438t A1 A &2 cellu-
lar proteing phosphorylate X179 A £/ %]
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Fig. 5. The proposed role of diacylglycerol and Ino P 3.as intracellular second messengers in
regulating cell proliferation. Oncogenes appear to code for various aspects of the signal
pathway such as growth factors(sis) and the kinases(src and ros) responsible for forming
the substrate (Ptdlns(4,5)P 3) used by the receptor mechanism.

#Ho 3k IP3E A EW Ca?t & 7t Al IP3
2 IP3 kinaseoll & [P4= =3 (P4 AA] o7
A& E(second messenger) 2A F&3A Boh.
[P4= A Z 9 Ca’t mobilizing agonisto] 2} 3}
receptor’t A8t =3 £33 9 PLCE A XY
Ptd—Ino—4P, Ptd—Ino—(4,5)P2° Zr &3t Ino
(1,4,5)P34 Ino(1,4)P29} diacylglycerol2 ¥ 3}
& Ins(1,4,5)P3% 5 —phosphatase®l 98 Ino
{1,4)P2, Ino(1)P, Inositol 2 A A lipid cycle &
EH(Fig. 1)1518),

2P o) M9 2] receptorl A signal & o
G protein© 2 AX ¥ 3 PLC7} &4 3} & o] PIP2
£ B8 AA second messengerd] DGH IP3E
NEDE PLCE key enzymel 2 &3}
PLCS G protein#}¢ #4 < Berridges 98
dyatge] B A oz sgert o4 4
dHez F9H2 $%d®. ohwk PLCYF GTPO
o9& 43 "Ade Aol ¥ AHA G proteinol

PP {4 Aojg= Aoy AFH.
A A € GproteinE 2 subtypeZ= dFA L R

F& 3 sl

Ca?* —mobilizing agonist® signalg A& 3std
inositol phosphate systemo] #<d3l= hor-
mone =< table 29] £AISIAT B T 2E0]
o] system®] #o]3}i 3] peptide hormone,

growth factors ©] ©] systemol B grh= ol

H.3 59tk Tables) A ¢} 2 ©] adenylcyclase sy-
stem®] # <3} adrenergic receptor, vasopres-
sin® 22 F 719} M X E 94 A inositol phosphate
system®l] #H3Ti o},

Phospholipase C7} &8 #7504 F4 ¢
o224 12 FAe] djusht HIAL glonH
PLCA 9 thA} FHPZolvt -7 A tfgh
F7F 823 WP v} Table 3014 €
F71EA EA7LA AP PLCE LML
359 BExEH isozymeES EA3YG Y. 53
RyuZol 23] A4 % bovine brainl A2 PLC
A7} A isozyme S 2708 15 7t isozymeol
o) 3+ monoclonal antibodyE W&o Z enz-
ymeE9 A& #EAS A Bovine braing
PLC I isozyme2 ¥ A& 150,0002 2 native &
gl ol A dimere] ® PLC II + Mr 145,000 £ mo-
nomer®]® PLC W= Mr 85,0002 2 dimer ¥
el 2 EA1%th Table 391 A9} #o] d&] 7 &
oA PLCE AAste] 1 5L w3l dovt
olZ isozymeE 9 type: A with JoE
A A7 vuE agje|rhE-2 0,
303D E3] A9 ¥ ijsozymeEol g PLC I,
11, M ZtZtell o) 3 monoclonal antibody & ©) &
3t radiolabeling A1 A 29 Zt F7|of RXEE
radioimmunoassay® &3 #&EF o™ PLC
I 2 brain® & Ao £X = UA ¥2on PLC
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Tabel 2. Inositol polyhosphate — mobilizing receptors

Agonist stimulus/ Target tissue/cell type

receptor type

Muscarinic— cholinergic CNS, Exocrine glands, Smooth muscle,
Pancreatic islet, Sympathetic ganglia,
Chromaffine cells, Avian salt glands

Adrenergic(al) Astrocytoma cell, Hepatocytes, CNS,

Smooth muscle, Cardiac muscle, Brown adipocyte

Serotoninergic(S2) Insert salivary gland, CNS, Platelets
Histaminergenic(H1) CNS, Chromaffin cells, Astrocytoma cell
Glutaminergic(QA) Rat brain injected oocytes

PAF Platelets, Exocrine glands, hepatocytes
Glucose Pancreatic islets, Yeast
Purinergic/ATP(P2) Hepatocytes, Ehrlich ascites tumor cells,

H35-hepatoma cells, Endothelial cells

Peptidergic :
Vasopressin{ VI) Hepatocytes, Vascular smooth muscle cell,
sympathetic ganglia, WRK1-mammacarcinoma
Angiotensin 1I Hepatocytes, Adrenal glomerulosa cells,
vascular smooth muscle cells, anterior
pituritary cells
* Bradykinin Neuroblastoma hybrid cells, Fibroblast,
A431 carcinoma cells
Substance P Smooth muscle, Parotid gland cells, Nervous system
f-met—~leu—phe Neutrophils

Hypothalamic releasing factors
TRH GH3—pituitary cells
GnRH anterior pituitary cells
Intestinal peptide hormone

Pancreozymin/caerulein/

Cholecystokinin Pancreatic—acini
e 27 A 1% £ 5o e} PLC lIE Suh%el 9 PLC I, 11 2 1] thdt &7te)
stomach, adrenal gland, urinary bladder 2 ao- geneS %o}l DNA sequencing® 3tgoy 1 2

rtac] Bow GE AU REEV} v #E Fig. 404 w2 a Qo
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agdMet go] PLC I, U, W #Z
Jd= A% BEte FE 9 common sequence
€ & 5 glevl PLC Ie% C, DY B
geneol EA FHD A7 A Y AL o] §
C, D gene®] B2 H+o| ¥ H oncogene v—
crk® non-receptor kinase® domain® QX
ok Aol wg z32 3 vjws) 2 PLC
e 2 g7)o x5 e A2 2 Mol PLC
e g&o} catalytic functiond) X B cell
growth't differentiaion®] &4 (regulatory) 8 &
< 1 2 F 9len oncogene common
site7t AThe RS StahoT = FAO) FHFo
24 PLCY Q&o] <] /Ao B9 E Rojetn
FA3a glon gog o e AF7} ve
gy Aoz 2y

2 x4 B71E4A PLCE B ASA
isozymeE& B1 Yo 1 enzymeEY &
3ol hormone specificity 5o Wald Ze
A77H o3tch PLCY o3 A2
senger% inositol triphosphate (IP3)& IP3 ki-
nase® 23 inositol tetraphosphate (IP4) 2 ¥

second mes-

1

(5]

nJlo

t}. IP3= M EZW o)A ERTE A58t C
W27 83 [P4x AIEW Calt o # :3: B
37 gl AE tez RE 9 Ca?t & MEY
influx A} 71 ©}21.22),

Ino(1,3,4,5) P4 5 phosphatase] 93} & &
8 5 °] Ino(1,3,4)P3& = I Ino(3,4)P2, Inosi-
tol® thAFETh, Inositol triphosphate kinaset
[P3E P42 AG A ed B3t ELZA ca-
Imodulin®ll & 3 &43t dot.

Calmodulin(CaM) & Ca?" & modulation*] 7]
o Ca?t/CaMo &) A47 A3 H 22 Ca?t
9] cytosolic level® A7} o},

A doee
tlE second messengerZ protein kinase C
(PKC)E &43 21718 PKCF 77-kdal enz-

yme& B & target protein®l 4] seine®] Y threo-

fu ofy

Diacylglycerol< PIP2E

nine residuesE phosphorylateAl 1T}, o=
PKColl 2]3}F glycogen synthase®] phosphoryla-
tionS glycogen¥8& "HFA .
PKCS &82 P399 3 Ca®* level®l cytoso-
licol A £ 718 2. 2 A glycogen phosphorylase 9]

SEL

Tabel 3. Summary about Purification of Phospholipase C from Various Organs

Animal& Organ MW Type Reference
Rat Liver 68K Takenawa& Nagai, 1981%”
Bovine Platelet 143K Hakata %, 1982
Seep Seminal 65K 1 Hofman & & Majerus, 1982°%
vesicle 85K I
Bovine Brain 150K I Ryus, 1986™
145K II
85K 1 Ryus, 1987
Human Platelet 67K Banno%, 1986
Guniea Pig 62K I Bennett & Crook, 1987%
Rat Brain 85K 11 Hirasawa, 1982
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activity’t 7} RS B @stA @ose)
DG P39 ti £ 282 T 35%E
(synergistic) 2 7} ¢} Y. Nishizuka3? & PLC
7} Ca?t ¢} 91+ A} ol A phosphatidyl serine
@A BEAFHOE activestthi ST, DG

a?* o) U g PKCY A3 g & A S/ AAT
13“"1- Ca?t o] £9] physiological levelol 4
PKC7} active formelth. PKCE catalytic do-
fem DG
¥ regulatory portion©l 2-&3ted &4 9 inhibi-
tiong HWFAAAM celld £ L (division)H 54
(proliferation) & ZF3dtEd 3 r}303536)
DG TZxH L & FALS porbol estergts 3

[e]

& croton oil2¥E polycyclic alcohol =4 2

main# regulatory domain< 7}A i

A carcinogenic ©]® tumor promotor 8 & 3t
o] porbol ester’} PKCE 843t A|A A E9
Eg g F40] dojuhA €} o] A
ter7k 47 EAHA L A& H 02 PKCE S48
AN -] HAg ALEHA JERER
¢rol €th DGl ¢ PKCEEE AX7H 3t
Bed 298 2HELYLS GF TP,
a8 B2 DGY IP3E AEFHA o}F F8
%™ oncogenes ¥ second messenger® 71 A #
A€ Fig. 59014 =A3A T oncogeneZ sist
PDGF(platelet derived growth factor)el Z&

2 porbol es-

30 erb B gene receptor®l ras gene G pro-
teinoll &3 39 src, ras gened ot
PDE (phosphodiesterase : PLC) & Aol ¥ 3t
o A ME FH 240 ¢ A8 T
A A3,

2 B

Hormoneol &1 & M Eoe] HEAR2E F71A
systeme £} 27 2% 8UE adenyleyclase
B @O0 2 c—AMPS A A 2 2 Gprotein©l
#oJ 3™ Ga subunit”} catalytic function®l &8
# d¥g F 2 c—AMPY 9§ protein kinase

~333-

A7t 8243 ol FaUALE dojuA Fp-5
), B+ &3} inositol phosphate system & &
Ao} ol B2 hormone®l Y}t growth factor ¥
o) 2l 8 receptor’t ¥4 3 Hx %
a4 Role B AT ol Fo] o o}
G protein®] AH #o Fd Hie gy,

2 A 94 JAE G protein® E phospholi-
pase(PLC) 9 monoclonal antibody& ©} £ 3t
PLCS}e AAHAE AT Ao G4 2
& 92 E&h o PLC7 GTP 3 A
e 48 HeRol o] Asn,

PLCO) o3 BB o] A HFBEAF [no(14,5)
P3t Ca’’ level& F7HA1Zth. Ino(1,4,5 P3¢
cyclic form?! Ino(cl:2,4,5)P3 & e} 2 =)}
Ino (1,4)P2%E Ino(cl:2,4)P27} EASH ol &%
A Ca?t HE7| A BAGGR FPS),

%29 Inositol phosphate system®l| o 3 sig-
nal transduction® 97+ ¥4 top issueZ &3]
o] system@E HE® ARV PKCE A3
MEYG zHo] dojuw] ZHo] FEAS S
vtz do g gojzd 4 glon A9 prain PLC
Il type®) gened] o] W E -2 ¢ Fxxte] U X9
YT o] 2HE AS Holx ¢ 7HFH
AGE 1e BAV SHOE Erjs6-38),

#4712} hormone®l &} 8 T AW S| 4
HA gk 2 7o M E A UHAA FSE
olyel MEetg 53 & 4 ¢l hormoneoltt
large moleculeE©] 7)o} #A ojHAR Lo
AEW e 9 X Ex E£F hormonee A

S B B AT F S A ER I FEE
chekst Aot

A £ A R A<D (signal transduction) &l A+
Fole 49 71HE A7F AdA XY ¥
o} ABUAV R Z 4LHA /A
7} erb B gene©] signal transduction receptor®l
Fodd T ras gened PLCY #i3lo] 3ol
gdeteE dFEol U3 e 53 diacylglyce-

rol §AHE 9 phorbol estert= PKCEA&EH o2

o

o

G protein®] #
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245 NAGANER A8 ste AL g9 V1 Hd
signal transduction® ZE7|H3= 433 ¥
A3 AT 2L PR Ao g®), o e
7} hormone®| &J & Al £&) W3t W EL £
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