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fi 5k ( norepinephrine ) ZVEH
) i £5 phento— Lami neffil & ;

beta- receptor, ¥ isoprot-

32 [HE » T W /S propranol -
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b frafE B A B2 R
& ( estrogen receptor ) At
RELT ORI 2 4t SERE K
Hormone ) 3 77 ik B WER » BHHA
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B A B BAAGEA (1251 0 A

125 1) Angiotensin %= B(FE
B U st — o R 53 T4 A
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€Cipitation ) ~ ¥k ( mo-
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B 5528 (Hormone
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B2 RHE & E AT A YR
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or {5 L B A 2 Al » W T AERL B AR 5 A
» 7 DL R RS R R A R 0 AR
5 R AR -
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ptor ) : f.iENE EEE @% ( steroid h-
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General Model of Sterold Hormane Action
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ing site (=) ° Bf% A &FIfI cDNA fy
F BB 34 f st eroid receptor A%
PIUERE ( domain ) B4 % g A8
f## ( homologies ) o H i steroid hor-
mone #4Z domain I & MEAIREE (
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receptor, Hi FMa Ll B3 it
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23| glucocorticoidz | o ( L = A "
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#8061 HeJLl3Z steroid r-
IS LR » meEMRAE &

3 HERRPRIRES M BHRE (Super family) - BBE
TR RSEERY = H 8 o GR: glucocorticoid receptor,
MR: mineralocorticoid receptor, PR: progesterone receptor,
ER: estrogen receptor, ERR1 or ERR2: estrogen receptor

joid receptor RERHE » HAK
BHEE TE—% > HEREM
fa cyclic AMP (cAMP)
CAMP BEMNRT > eV R

( Thyroid hormone rec-

DRI 3% B 8] B H — % A3 TR HE 3
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Al AH SR, FRAR 3R B E
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BAH TREE o B RARENE
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":.i gl steroid rec-
% 2 (5 DNAZEA: mRNAR & fi %
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r-erbA: oncogene products, HormoneS2DNAZRAES fiil °

B () » MHEXENEHRAREMNa-K,A-
TPase Zi&E#:» bt so dium pump, 71

I 6F €18 A RO SO RE B > TR R TR
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Ao REEH M o AN AR 1ipogenic
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------ » ‘B ERER BB A KA enzynes
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Evolution of Co-ordinate Gene Control

Gene X Gena Y
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» Bt hTR, 2 HR M EABB175H 6 E
» M hTRy & NHIZES 3 R als > HER
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RHG 2 F RIS

fHfefRRE =25

ZR RN ERIER
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o s B3 %R Sttt 0 ERHEAYARK ( b-
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o T4 »

Relationship Batwean Cell Differentiation gng n
Sensitivity of Tiasue-Specific Genes - A orkin:

(AT T T R

mbryonic Stem c ",
/ﬂlflﬂ\illl‘n ““G!mlﬂ.k |
E'S
‘.
1

Call Type | Call ‘I‘mg

[ i n

AT IR ‘ I
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6 SEMNERMZTE:

WA EMERAEFAER-G
{8l signal sequencefig MR

asmicreticulum,ER) k)
some )& BY » A ERZIE » 4
L EHe ( Golgi complex ) » B§
B B \)r LA 53 6 R
B+ IEHEZR P A — (T 153520 A
Bk signal sequence s 'EIRGE]

sic amino terminus ) fiFE
3 EHARE AR a
inal end ) o fR{EHE E M
EH— 4t > SRR AR
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Plasma membrane

{ &
0 Endosomes

trans Golgi

cis Golgi

O

8 AORERERESRELEMS AR IERER -

TERZHMN  BALIRER ( -
B R 9 77 5XEE 4 (EAD) # rec-
ligand #5410 i @5/Rend-
8 s i receptor-ligand compl-
P 5 5E— R R » fen-
REEF]E + — R receptor 18

( @AQ@)r H—ZH 1lysoso-
eF (MA@ ) ©

il

dne B ffalii 3% receptor &
ophagosisfifi complex #A
Ceptor W1 #i & FELLKEE /Y1
secondary messenger)

Ui DL A A7 ThiE » TG
! (1)adenyl cyclasec-

~protein:GTP,Gg Gi% : R
F(Ca®* ) __calmodulin, H
U8 (& — ) table5 — 10.4)8 T
) {ogs » (5) R % ( phos-
53#% : phospho inositide
( g1 phospholipase-c

Fz— BB Tf0Calmoduling8Es > AsF0F0{E -

Cyclic nucleotide metabolism
Adenylate cyclase
Cyclic nucleotide phosphodiesterase
Protein phosphorylation

Myosin light chain kinase: smooth muscle, nonmuscle
tissue

Phosphorylase kinase: phosphorylase; glycogen synthase

CaM-dependent protein kinase I: synapsin I, site |

CaM-dependent protein kinase 1l: synapsin I, site 11
glycogen synthase; MAP 2, tryptophan monooxygenase

CaM-dependent protein kinase I11I: 100,000-Mr protein

in many tissues
Protein dephosphorylation
Calcineurini multifunctional phosphoprotein
phosphatase; acts on many brain and other
phosphoproteins, including tyrosylphosphoproteins
Calcium transport
Ca®*, Mg**-dependent ATPase (plasma membrane Ca’*
pump) ,
Sarcoplasmic (Ca"") ATPase (sarcoplasmic Ca’t
ITansport)
Other
NAD kinase (plants)

Abbreviations: CaM, calmoduling MAP, microtubule-associated
protein.
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5% ) » (6)Arachidonic aid Zf{Ff : pro-
staglandin , TXA ---(7)HAQEOE &HHE
» (8)#i#k{t (phosphorylation) o &/ 3
REZBZEARGRE - A. 4 REF (epithe

R R A e AR L AR RS growthfactor; EGF)
ST ARG 418 B BT 28 A 800 Tece- -

ptor o

BEGF receptorff— 7 F&17
%[ ( glycoprolein) » A%

sa sao

HOZC

ATF substrate

@10 MEBFETBEMES o Iinsulin, Sa: sialic acid, ..
V:insulin binding site, — : byrosine kinase o HWERHE » GEEGF binding 4GOS

2 M) 5% EGF il i 2 4 575
8 receptor {4 2% » receptor
i ( clusting ) » 34 endocy
#& receptor A A MM » RS
{ERME 2 X4l » (HIL
o receptor AE HF tyrosi
$9:%0 e/ » SLEGFEERE » A S5
= 'E ## 1t ( phosphorylation )
7] % F|4i fuE S protein kinase €
» protein kinase C i recepto:
reonineiii (b i e 4% tyrosine
seff) fF I f4 (K 5 EGF A7) o T
Z tyrosine kinase §i— st FihaER
kinase &JE % LAY + 1] SRC -
inasefFR Rk E A RBTEAR
B -
H ¢DNA Z {23 5 EGF recef
248 ( precursor) H424.H I
iy signal sequence H{#f 1186 |

e transmembrane domain,kin8%
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il B A

Effector system

, TSH, MSH, LH, FSH, glucagon, Adenylate cyclase: activation

n, B-adrenergic, vasopressin V3,

serotonin 5-HT;

somatostatin, opiate, muscarinic Adenylate cyclase: inhibition

, adenosine A

wic. muscarinic, histamine H,, vasopressin V|, Phospholipase C activation, calcium mobilization, and
RH, angiotensin II, serotonin 5-HT;, PDGF, protein kinase C activation

Tyrosine phosphorylation
Sodium channel activation
Chloride channel activation

& ACTH, adrenocorticotropin; CRF, corticutropin releasing factor; EGF, epidermal growth factor; FSH, follicle stimularing hor-

amma aminobutyric acid; GnRH, gonadotropin releasing hormone; GRH, growth hormone releasin; hormone; 5-HT, 5-
IGF, insulin-like growth factor; LH, Juteinizing hormone; MSH, melanocyte stimulating hormone; PDGF, platelet-derived
, parathyroid hormone; TRH, thyrotropin releasing hormone; TSH, thyrotropin.

gautophosphorylation domain
o Jteh EGF binding doma- B EFX 23

I cysteine residue WJLIHEH (insulin receptor) :
T Fth# SR — @B EGF bi-

8 i@ cross linkagef¥ EERZRREHMM@alpha (HFE
26 3 B R A M frans 130,000) K mifEbeta (5 F & 90,000)
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se C (b B
S0 6 B A O ERIBR O |
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se C 2 — A8 - ( pro- ‘;‘: :
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Septor 7T —i{H 5 —‘*—“- o
HYEE Y B A R JRdE C @A) o ..:5-‘1-
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¥ » {7 v-erb-Bik R E :T s
Ceptor Z3HA » [fij v-erb-Bik ‘
A {ER# #i ) EGF recept __:ff i
SLEGF#s & 2#%1p » (BREN = ity
nase 7 {fij + AJiEGF r- 1y o
{5 » & HEEREER T e
Ji® C Drosophila )iz Bl RBESHEM2BIE o Sa sialic acid,
S:: WS o
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-Core oligosaccharide
addition

RER ——— Golgi

B2 REEZEZMLBIE -

Minutes O 5 20 45
-190K -210K -125K +8B83K
- Translation —Further sugor -Peptide
addition cleavage

-Qligomerization
(-S~5=)

(Vesicles)—— Plasma Memt

ATl R R A E EREAEL > R (B -
S-8S-a)-S-S-(&-S5S-S5-p)
» p—subunit £ —{F trans membrane
HYREZ M » T «— subunit RI5 2 2—@E#
fasHBEER S » SRR H o —subunitiié
Y » T H—f8 o— subunit/ A 5i—(F g B3
SFEEE s B —subunitif protein
kinase ZIhfE » 'E W Ll E iR {L ( auto

phosphorylatjon) o ( [+ )

ik 53R 5% 3% 2 o — subunit§i EGF re-
ceptor Z BRI LARD, » 77 p— sub-
unit AIEAEGF receptor X SRCK[RHEW
Z protein kinase #{ll » B4}4% somat-
omedin C ( GH-dependent peptide):
XBERBES R4EREAFIA ( insulin-
like growth factor I ,IGF I )
Haz 2381 insulin receptor BB » (B
& FA A A A0 2 N FIRY 0 g 82 pepti-
deffit 2R RN R B8 L 25 B DIE 2k
o insulin receptor & H—H27.{E ik

e 7R
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FIAH » o — subunitE#7/R 8
quence Z% » Bl p—subuni '
processing enzyme §JiiHY
ulin receptor 2 &5 R
subunitgeg (o« —S —S
(x—Ss—p) FHAR
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receptor [ mRNAH-E@JEE-
» BEENORMERIE N EEN
ceptor Hi insulings 7%
embrane A+ E » HEgi{LE—
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3y mannose §BY » H:% I
acetylglucosamine ) % siali€
» FOBER @+ =) ° 3

BT B O% Rl
BiEflendocytosis » FHPpikE
b8 ( anti-insulin-recept
oglobulin ) Z#5# » that ARl



INSULIN
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Other biglogic effects
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Bhur.nu 5 il i
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Macromolecules

@13 BEEZJ(FAME -

QI %9 3 A A P9 AR LA
ARIER B2 SHRBMSE o (H+=
o #H AR 3— subunityyy prote-
ase & insulin receptor &A%
R » 3 $% 5 T A fth B 2 A AR Y
) @E?Kﬁﬁ{%ﬁ&ﬁﬁﬁi%%& ’
kinase [& T antophosp
ations} » 7RI R IXBIH EH
2ol wd R

ER %% 5 ( aclrenergic recep-

B SR 8357 % O o (3,01 B, V4% »
~adrenergic receptorZ#ihdy
T35 ( (9 calcium channel
Mlinesital phospho lipid Z4%}f#
BAS - LI 2 4B D) B 5 T o
fnergic receptorflliZ2f guanyl n-
tide regulatory protein J} ade-
€ cyclasesil S ififaA CAMP 2 s s
Wiz S hhe » () o

* f— adrenergic B rhodopsin, m-
inic receptor £BHRA—E * £
0dopsin receptor » ¥t 45
S8 H 4 kinase ZfEfH o i CDNATH

: Teceptor ;Z hydrophobic dom-

ain » ZEXRBEAIYE £ c—helices' &
# A FBASE L o —helicesn] DI pi#E % ca-
techolamine Z{7 % » thH ARREAH &
A TFH g L& sodium pump AR » T thaF
MG proteinZ A MM AERM » BEiEE
WEP (E+A) °

ERSZ R ARNER
A.%EFRJ% (Diabetes Mellitus)

EEBHREERRR Y E > WRZANMD
HEBREERR ) RREERAMMBEEFA
BRI £ > RS RVE A B OF BRAE »
BREFAFECRERN B (REETUFE)
s HBREWETNEZB

St B R 2 IR RFE G 4T BB (B3R
M e MEAREE

1.8 373 ( prereceptor phase) @ H
B R p — S W B A B
FARE ©

2. %48 i1l ( receptor phase) : AR
insulinfd receptoyi& Lo

3. =@m %A ( post receptor phase) !
A S R4 W R AR P s 22 BEAR
FH# o RZHeALZ BRILERAIER
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(=) °
RTINS R KRB B R Z MR R-E

—BEERKEA ( insulin-dependent
diabetes mellitus; IDDM ) BEHER

fk#E% (NIDDM) » 4 IDDM ZR pre
receptor phase Z[EAT &MY » B WK
BB 5 SR A YRR A 4] o (ANIDDM e 51
receptor f{l post receptor phaseZ g
S R + "B AE7NAE AT SR B R AR 3
= i B 5 LT A S22 1 » TR ER
BE—H T °
7= receptor phase th o imulingd r-

eceptorZE A A » WHER N recept-
ok & 2 M B o 54} insulin receptor
# B WA th & insulin resistance Z RH
o WERE B 7RG AR L o ¥ IER recept-
o H M10.%H insulin & EAILIFIE

#= Epinsuliu resistancez [R[HA

A B O 1R R S HE - TR
8- o THE BB RIERS
R WS E AN RIE
lin receptorfH & Wils
RHEZ insul i@ T » ®
T % » R receptorf B
nsulin B F » H recept
2 BBE&YD 5 MR insu
receptor Z# A B At
1E% receptor B HAY10.%
ARHE » (H2% insulin
DEUERIET Z10.LLF »
th s | g maximal eff
#H7RNF + T receptor f5& ZHE
o (@+7) ‘3

i post receptor phasee
$fty FORER 5 /2 Teceptor A

1. Prereceptor Phase

1. Abnormal §-cell secretory product
a. Synthesis of abnormal insulin molecule
b. Incomplete conversion of proinsulin to insulin

2. Circulating insulin antagonists

a. Elevated levels of counterregulatory hormones, €4
growth hormone, cortisol, glucagon, catecholamine

b. Anti-insulin antibodies
c. Anti-insulin receptor antibodies

II. Receptor Phase

1. Decreased number of insulin receptors
2. Decreased binding affinity of insulin receptors

I1I. Postreceptor Phase

Post receptor defects in insulin action
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disease o

TSIR—RRERERG (I g G ) Frd
B » 'E A fE%E TSH receptor m{Hff
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