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18 sl Olde
ACTH Adrenocorticotropic hormone GH  Growth hormone
ANF  Atrial natriuretic factor IGF-1  Insulin-like growth factor-]
AMP Cyclic adenosine monophosphae LH  Luteotropic hormone
CBG  Corticosteroid-binding globulin LPH  Lipotropin
CG  Chorionic gonadotropin MIT  Monoiodotyrosine
¢GMP Cyclic guanosine monophosphate MSH  Melanocyre-stimulating hormone
CLIP  Corticotropin-like intermediate lobe OHSD Hydroxysteroid dehydrogenase

pepide PNMT Phcnyle:hanolaminc-N-mc[hyltransfcrasc
DBH  Dopamine f-hydroxylase POMC Pro-opiomelanocortin
DHEA Dehydroepiandrosterone SHBG  Sex hormone-binding globulin
DHT  Dibydrotestosterone SR Steroidogenic acute regulatory (pr otein)
DIT  Diiodotyrosine TBG  Thyroxine-binding globulin
DOC  Deoxycorticosterone TEBG Testosterone-estrogen-binding globulin
EGF  Epidermal grovith factor TRH  Thyrotropin-releasing hormone
FSH  Follicle-stimulating hormone TSH  Thyrotropin-simulating hormone
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5.4 Chemical C vication Sy

(a) In synaptic transmitter (neurocrine) communication, a
chemical signal is released from the presynaptic terminal
of the neurcn and binds to receptor molecules on a post-
synaptic target cell. (b) Autocrine mechanisms are the
feedback effects of a chemical signal on the very cell from
which it was released. Some svnaptic transmitters are
also autocrine signals in that (he}' affect receptors on the
presynaptic terminal (autoreceptors). (¢) In paracrine
communication, chemical signals diffuse through extra-
cellular space to nearby target cells. The strongest effects
ar;gmduced in the nearest cells. (d) Endocrine glands
produce chemical signals and release them into the
bloodstream, Effects are produced in the body wherever
receptors for the hormone are found. (¢) Pheromones
carry a message from one individual of the species to
other individuals. Often pheromones indicate whether
the individual emitting them is ready to mate. (f) Allo-
mones are produced by individuals of one species to
communicate with (and affect the behavior of) individu-
als of other species. Even plants communicate with ani-
mals via allomones.

ure 23-21

* major endocrine systems and their target tissues.
nals originating in the central nervous system (top) are
ised via a series of relays to the ultimate target tissues
‘ttam). In addition to the systems shown, the thymus,
=al glands, and groups of cells in the gastrointestinal

:t also secrete hormones. e

Sensory input from environment
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(¢) Pheromone function

{f) Allomone function

Central nervous system
euroendocrine
origins of
Hypothalamus
Hypothalamic hormones
(releasing factors)
First targets Anterior pituitary \ Posterior pituitary 1
\ ]
Corticotropin  Thyrotropin _ FOUicles  Luyeinizing  Somatotropin  Prolactin Oxytocin ~ Vasopressin -~ Blood
(ACTH) M, 28,000 stimulating  hormone (growth hormonel M, 22,000 M. 1007  (antidiuretic  glucose
M, 4,500 hormone vy 20 500 M, 21,500 hormane) level
M, 24,000 [ M, 1,040
Vb ooy V| 1 | 4
mdtargets’ Cokpy AT g Oeniesten: & | : L psarein ] pmrsil)
{ ¢ 3y 4 : i 1 5[ :% L
Cortisol, Thyroxine < e
corticosterone, (Ty), triiodo- Prg::;::?&-pesm‘emm mﬁcmﬁn Epinephrine

aldosterone thyronine (Tj)

N . 4
+ Many ! rM“.‘:Lﬂ" 7&:“durﬁva@

ltimate targets ' 20V 5




R eférm

Sué olfiwd aoliw 4o 2 Jol Jad

s Jyl e Opopchle S bte

L o2 5 0 cxlce . @

(35 20 G pe St dile S5 @

29 ety ol P36 slgmtiy 5 Dnsn SSE szt @
{J_;:;-J Doy o

Wi S S 4 0 oy pa JWdaas b Wb 2 SN s @

i——:‘xb‘p@»%@!xbbjbfﬁﬂdjt—fkuﬂ @

ot
O O
ol gbedi S et Coas i S S ol @

ol r—-'3"-,';'-.—~11 bt slis )
LJ-L:*J_)-L#J‘JJJ‘)J—G(O&JL@;}:‘\{JL‘:’)H){I& ]
b 53 Ot il a3 Bolye plus sy @
abj;hiubdelﬂ»L):gLf.;J\iCﬁ:;‘r—:Ej L]
axﬁfué;,-f,__‘a':d..;_—_3|.=x;:§)|ﬂ¢,bu_,_bjx;__yL__y- ]

iy canal glo dldelg i) Slasle calid iy & (oo sledsle I (6l cdale I oSl clale )

b Gan sldshs oplplins 55 50,5 o 107 =107 MON/ L asgume 13 45 coledgSle plo 5 (1 g
ool Jobo (SlaJsSlo otec s (31,58l YL dyd oyl bigid BB Coglis 15,05 3939 b5 polie 3 48 ilisen Ligeyen e
+ Cawl 015 15 & powige

s slo 033,5 pgas sk Jsbo 315 55 by st Jsbo gl 13 b (30y5m (sla 05,5 (390,98 S 855
Sl S0e 1 035, ol 3led (oo ke |y Lo i85 Tg s Lo ol J5SSIS (st b 5 laigepsn Jlos! ok
hl> W 0255 51 (S5 09,5l oad S5 sty (b 5055 5 b U sty (k) M b sty (ki SO ]
Iy 153 slesgerong PTHL 6515 515c ACTH « by ailSlig s « b cyuol JoSils Jos 48 5l Jlid oy 4l cin
ool 5 b 0155 51 ols > & jglailome witad JLiE o anbion b Sy s 1505 olb oSl o (0le
My 5050 (g 058 lawey Wl odd 00l i &S W 00 yS 5l (SH Jeels 585 gl 05 S wile Wl o 0y
(ANP) (s5lnd )5 56 At (sl 02,8 diilo At gty sy SO gl 1o 03,5 a5 semg

- (LDL). 5y il (1859565

0155 4 Juate Anled o Joo Joho JB15 ;0 a5 Sla 9000 (NUClEAr Receptor) (of auwe sl oui s
Slisoyor Jlosl b 085 yS Cpl liis (aliSwgds waSGil (S Jwld pl ola 088 5l gabe & Wad o S



MR eférm

Sué olfiwd aoliw 4o 2 Jol Jad

Sygey dizles o Jos Egisio psba Yol by &S plge 51 00 Cugh s (6l 4t 5o 03555 (sl s ol LIS
g o o3lg iy sl 08 W (ol 0 4l 41K b oS S 0355 0 SThkg Sl e O9er9n
bl pgd anliy 308 (oo Jale (Jgoppn SIS & (BUS ojg> . Mt (93 Sdas 0jgmgd (Sh> Pl s 0155 ple
SIS egd Sl ((ply colam) (3,5 i ST (o i ol J3I Jlosl (ptm 1) (190)90 CEUD &S A5 (o (oly
K95 o Jate Slowdly slis )3 @Bly slo 05 & b el S5y (aufigng st b sldgersn 295 (o pl)
Sledgersn. 1S o ol a3l S Clleb i b L) ol 31 il Jlash o Wil (oo (ol Aoy g
et o ol 0255~ SIS uSkaS (ply 003 on (STy Jobo J315 sl 0255 L (555 (53 (533
S o B8 i L o5 ) gy & pols lodS 2 4 s e diled o el B, Pl

Wl s ez el JsS58y sty (e eBion sligergs 035 )3 Gserse el WSy (aluld Jgtus (o5
SR 39d (o Jalle (190y98 4 (S 35)l> (63, Sos 0jg> (pdix A9 )g Mgy g pl Sldgersn (sl 0kyS.
ot Jlb &y i a5 0 (0 U (ol S8 e (g b GRSy 3 (o A (0 DNA I (08 bl o,
b (89 5l s M b g (B9 S 4 Juate Canl (s (o0)lezrge 398 (o0 0 Sl Sl 45 ((005) e L)
a3 (o Ui ) (g sl 03555 Sy el T S i g0 04355 (Jobu JBI> sl > & 298

2 oo Slodguaiio (gl 48 Slge 5| e edlgl Sl Wl ens Grde o ygey0m 1 B (90590 (ot ot ylodS L
Jos 08 ol (sl S o &5 So 55 Sldsle | slpl ples ) st Slinie @Bly 3. 895 (o 03 510 (o
s slogergr il (oo (be |y b Ggepgn Jlosl by cn )9l Jlacly (ke oS5l Jlosl (sl siles (oo
Jeolonl (gl dd (gl 025, S bl 0025 g (pad o Ldgaygn | oolias Uialae g st (05 4SSl 5> ot
3 Ut 85 339 a3 ol ol ol 31 Syl sy oglize (5 1aSs ) Gl ] 03905 @l e ol 3 1y M
4595595 95 9IS aloax Sl g (oo bl JoynalS 1 ledgeysn Sl (S5 09,5 Ml (oo 0 gty il (5 Lbge g dlas
colo gopd Aol (o ael al (F JS2) L2S(OH)2D3 5 o sy dagsiol do 3368555 gl 00 do
9oy 5l 6ol ol (T ) oiasiots 659 (T4 umdsys) ogssly 2155 8568 Slidgorgmsle el JoS3
b b (TRH) (959,65 048 311 sty 65 0iga9 51 ol o5l it (2859,06S05 b sty by ool sl

TooMY iy 4By A slejomil jerg i S gl ol puite ((atpel sl V2Y GH)zad) (905905 (aizel gl
(TSH) 159,5 S poxe yoy9n < (LH) 5,5 pur Wgo (150090 « (FSH) - 58 S ome (y50)9m. casl(aizel s
ool plad lggorsn cnl plod 3 O yojiin Af g ploidlo b Sl 05 0585 (CG) i (0959385

- Caslagl gl Sl Jole 1y
Jhe Gly wls & Gy e 00905 o g e ) B geygnlegu; dge o (SN s
S (ol Clled (sl 439555959l oe (8 (o)l Leglienn)S (ot Cllid (gl o D9 (U Lo 55 o5 9IS
20k gl &8 S (e 0903 (535 P 1) 505 sla (g0 p9m. el Sigg 5 T el idnn Sag 5 slaigersns
oy adgl Ol 4SSl Jgl. wled bl |y JSutie cpaiz S5 (o0 (Fgejg Jlosl p (ian (4 g, 005 dalie L]
<5 gly Cusl oo Jlio (2 35555 )5S SIS Jas - A5l (9059 (ol des 1 &S sl a0 (yge )90 gl 00 031
O il (190)98 (piz 0gMar Cusl Joo I glod oiny JSut5 laid 398 (oo ploml Clidng S e plie 595 2
9 2 lpl g SO Ll olen pgas sk &S e 00,8 )bl AL awdh alie Sl &S cul
0355 )k S8l bawgi 1) (e dse puddgilie Wls (oo " g s " A55S558 Hlineg «JasiysY A55S58 o555
Shamsl ansls 1y 1 6 wlg oo gaygmedc 025 Ko b ygepgn 93 (ESTy p Lol woled malal 15955,65 e
Gk 3 0355 qeod Al o lgmdly 3555555555190y Jlte (el e slo 0iyeS b el iS5k
Jos 6 S Gl 0815 (00 510 aged xSole ly (oo pLaED (pl Gl s 8 glite sl panslSee
Jos ks Jas ol 05 o pbml WSS hne S Gk )l UsisS Jes & Gl 0 pgerse



MR eférm

Oué ol doliw 3 2 Jof Jud

bl piuss Sy (Lile,giS3ly b 02,5 (55 )10 53 Wil (oo 35 o (igey9 2295 0l 335568 (64595595 ol e

T-zseription activation subdomain

GR T
N VARIABLE
(IMMUNOGENIC)

FIGURE 22,13

Model ¢f = =vpical steroid hor

The res: 2 derived

Evans ar= . Yamamoto.

A.CHOLESTEROL CERIVATIVES

OH i oH < OH
EI?VJ :j:gﬁ o . HO™~#

Teztoslerong
Arn-Estradiol

YYROSINE DERI'WATIVES

on @.o-{? _ -CngH-Coon
= T NH,

1

FOH @ o o _—CHZCl:H—COOH
= MH

PEPTIDES OF Vv £=30US SIZES

1 2 3
——

—=H

BAYcoproTE™s (TSH, FSH, LH)

CoOmMr o™

T
HOMOLOGY: 60 -9

(L subunits

unc.e B subunits

(b Jsa) aims ol 1,

Nuclear localization signal
4

Transcription activation subdomain

Zing Fingers

T »  Heat shock
| protein binding site

| i
59 ‘. F=1-¥4 v -
5% 65 - 75% 30 -60%

mone receptor.
[rom studies on cDNA in v

arlous laboratories, especially those of R

CH,OH EH, . 1
c=0 =
I = CH,
HO" OH
OH),-D.
Cartisol Progesterone 1,25(CH) Dy
H
et 0 }11
|
wo— C-C-NH,
= H
Norepinephrine
HO, H g L]ZH:,
|
HO— @ t;. - Cl -NH
— H H
Epinephrine

Stricture of uman ACTH.

ACTH

AT = - clEe s A L s l:,-_:JGJCJ
S 1) o eIl s C om0 it B L J 2t Sl A g 08 (oo

g B g L sty i (LH

Wil s

L




MR eférm

Oué ol doliw 3 2 Jof Jud

o asd S IS Ols past Jyl> AT 3 il el g e 0 (S kel Jyae
ey 8 Toy S gt e oame I Bls (slae s K a8 lgiga,4n )
3 i
Wt g e b Ly 5l ks g =) il Lejs
S = - & (1,25[0H]2-D3) J p 2
L AT i S | Laig s od 518 o
= Ly 2l
NEFpEE JE <l bk 55555508
200 3la [ B oy Lol 55, S0l 2
(362) b, [(L3a,bzell) Y b esans etedap
L Syl A
R ) _ S Ty 3T2) dns 5 glsi o, pa
Ll sl L;J’Ld b1 ‘J":J-f L gs e Laazs J}L‘c_h.“_;ba.liqu Afml&yj_,_a.‘f
Ca®* GMP cAMP |13 405 420005, 8 KLaS by AMP 4, U o ()
sl s S5 el lasSs
e 5518 Sl
oo Sl s (ACTH) Sy 3 €025 5321 00y 00
b sl (ADH) &5 5 i3 51 0y y 00
]
(hCG) L ziom oy 52l
(CRH) o 55505 1S 028301 0 pa s 48
(FSH) 'Lt‘,la..‘g.__l:i \f;h- KRSy
At
8 / CHAPTER 1 (LPH) i 5 ad
(LH) 355 poer A o & 405 10
: (MSH) U 53 S ma (a8
Hormone  Receptor  Mediator  Effector .

prorein

Range of ;
possible <
pathways .

>< n2.><fii’><

Figure 1-6. Possible pathways of transmission aof hor-
monal signals. Each hormone can work through one or
more receplors; each hormone-recepter complex can
work through one or more mediator proteins (either
G proteins or other signaling mechanism), and each me-
diating protein or enzyme activated by hormene-receptor
complexes can alfect one or mere effector functions.
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Table 5

Major subdivisions of the neurotransmitter-
peptide hormone receptor families. Receptors have been
subdivided based on shared structural and functional
similarities. (—) denotes a negative effect on cyclase activity.
Abbreviations follow conventional nomenclature.

Receptor Type Examples
Seven-transmembrane p-Adrenergic TRH
domain PTH ACTH
LH MSH
TSH Glucagon
GRH Dopamine
oy-Adrenergic ()
Somatostatin ()
Single-transmembrane domain
Growth factor receptors Insulin
IGF
EGF
PDGF
Cytokine receptors Growth hormone
Prolactin
Erythropoietin
CSF
Guanylyl cyclase-linked Natriuretic peptides

receptors

Binding domain

COOH

Binding domain

Tyrosine kinase /!

domain

Binding domain

Accessory protein with
tyrosine kinase
domain

Binding domain

Kinase-like domain

Guanylyl cyclase

Seven-
transmembrane
domain receptor
(eg, p-adrenergic
catecholamines)

Growth factor
receptor
(eg, EGF)

Cytokine
receptor
(eg, GH)

Guanylyl cyclase
receptor
(eg, ANP)
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D Chapter 22 Integration and Hormonal Regulation of Mammalian Metabolism
Epinephrine binds to a
apecifie receptor.

TE3

The mechanism that couples bind-
ing of epinephrine (E) to its receptor | Rec) with the
activation of adenylate cyclase iAC) The seven
steps are further discussed in the text. The same
adenylate cyclase molecule in the plasma mem-
brane may be regulated by a stimulatory G protein,
G,. as shown or an inhibitory G protein, G; (not
shown). G, and G, are under the influence of differ-
ent hoermones. Hormones that induce GTP binding
to G, cause inhibition of adenylate cyelase, result-
ing in lower cellular levels of cAMP.

The cccupied receptor G, {a subunit) moves Adenylate cyclase
causes replacement of to adenylate cyclase catalyzes the

the GDP bound to G, and activates it formation of 3°,5°-
by GTP. activating G,. cyclic AMP.

&
cAMP.dependent
protein kinass

(protein kinase A) is SRl
activated by cAMP. 5.AMP

® D
Phosphorylation of Cyelic nucleotide

eellular p by

protein kinase causes :lcgrades cAMP, reversing
the cellular response the activation of protein
to epinephrine. kinase A
' Fi
@ @ ® 2
G, with GDP Cantaet of G, G, with GTP
bound is turned  with hormone- bound is turned
off; it cannot receptor on; it can
nctivate complex causes  activate
d 1 pl of adenylata
cyclase. bound GDP cyclase. The B,

Earl W, Sutherland. Jr
1915-1974

\_Gu

@ -
GTP bound to G, is hydrolyzed by the intrinsic
GTPase at G,..;: G thereby turns itself “oil.” The .
inactive o subunit reassociates with the 8, y subunits.

Ve JSs
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protein
kinase

ATP & Mg?*
2, CAMP (o) Ll
5-AMP

Active
2[CXTR" "] protein

@ kinase

Protein Phosphoprotein

\__ |

Phosphates

Physliolegic
effects

Hormonal Jegulallon of cellular pr (ol P
| p ocesses thr Ugh cAMP-dependent rotein kinases. The cAMF {’ gen-
erated by the action of adenyiyl cyclase {actlvated as shown in FIgl.IIB 44-7] binds ‘OI ”IEI 1egullalory (R) SUbU)IIII'I of

CAMP-dependent
Corbin.)

W U

activated

signal "I"‘°'e“‘“|° adenylyl cyclase

FA J 1N
/
receptor

activated
a subunit of
G protein

eyclic AMP
[ ]

e

inactive PKA

5 activated
pur s
CYTOSOL v

== €

NUCLEUS nuclear pore
, activated PKA

activated, phosphorylated CREB -
CREB-binding ‘_&l inactive CREB

protein (CBP) activated target gene

#
: tTﬁANSCRiPﬂON

CREB-binding
slament Ry i L iz i
; TRANSLATION

V¥

otein ki i i
protein kinase. This results in the release and activation of the catalytic (C) subunit (Courtesy of J

How gene transcription
is activated by a rise in cyclic AMP
concentration. The binding of an
extracellular signal molecule to its
G-protein-linked recepror leads ©o the
activation of adenylyl cyclase and a rise n
cyclic AMP concentration. The increase in
eyclic AMP concentration activates PKAn
the cytosol, and the released camlytic
subunits then meve into the nucleus.
where they phosphorylate the CREB g
regulatory protein. Once phosphory®
CREB recruits the coactivator CBP. wh?
stimulates gene transcription. This sig
pathway controls many processes in
ranging from hormone synthesis in
endocrine cells to the production of
proteins required for long-term m
in the brain.We shall see later that some
kinases that are activated by a rise i0
intracellular Ca?* can also phosph®
and thereby activate CREB.
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Figure 3-11. Signaling through the endothelial (¢) and inducible (i) nitric oxide synthases (NOS) in the vascular wall.
A;t:vaiicn of eNOS in the endothelial cell or iINOS In the vascular smooth muscle cell leads to an increase in NO and
stimulation of soluble guanylyl cyclase (GC) activity. Subsequent elevaticns in cGMP activate cGMP-deperdent protein
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Some Signals That Act through
Phospholipase C and IP,

Acetylcholine [muscarinic M;]
a;-Adrenergic agonists

Angiogenin

Angiotensin 1]

ATP [Py, and P, ]*

Auxin

Gastrin-releasing peptide

Glutamate

Gonadotropin-re!easing hormone (GRH)
Histamine [H,]~

Light (Drasophila)

Oxytocin

Platelet-derived growth facter (PDGF)
Serotonin [5-HT-1¢)*
Thyrotropin-releasing hormone (TRH)
Vasopressin

-

e —————

— e

—— e )
“Receptor subtypes are in square brackets: see foctnote to

Table 13-4,
figuri
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Gy, bound GTP, am:a
moves to PLC and e
activates it.

Active PLC cleaves phosphatidyl-
inositol 4,5-bisphosphate to inositol
trisphosphate (IP;) and diacylglycerol.

Endoplasmic
@ reticulum

®
IP; binds to a specific
receptor on the endopl
reticulum, releasing

sequestered Ca2+

OH

Phosphoinesitol 4,5-bisphosphate
(PIP)

Inositol 1,4,5-trisphosphate

) ’ Diacylglycerol and Ca?*activate ;t p,
Ca2+ | e "J protein kinase C at the surface —
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DNA nuclear transcription
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