Mechanisms of Gatecholamine and
Polypeptide Hormone Action: |

(Receptors, Second Messengers, and Cyclic-AMP)
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s Recentine lor catecholaming and pobpaphide hormones aa found
an thie farget cell surfoce

# The number of receptors an a largal cell can renge from aboul
2000 to 100,000, depending on fhe physicdegic conditions

« The alfinity of & hormone for its receptor alsa changes

= The cAMP second messepgsr system |5 feked o G profaing
attached to the cell membrans
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Targat cells hayve hormene-specific receptors capable of recog-
nizing and Binding hormaones; therefore, orly those calls respond to
the presence of hormenes, This hinding, o turn, initliates intracellula
avents leaiding to the final physiologic affect. Genardly, recepiors ara
hormore speciic, but to a §mited extent other hormones or drsgs
with simiar striscture may band to them,

Receplors

Hormone receptors occur m dfferent cell kocations, dependng
on the dass of hormoane they bind, Receptors for catachalamne and
palypeatide hormones are found an the surface of laget cels, whila
those for stercid and thyroid hormones are found @ the cyloplasm
amddar muchsus, The nember of receptors per target cell ranges
from ehout 2000 to 100,000, varyng under dfferent physiokegic
corditions,

For a protein to be a receptor for a hormene, it must exhibit certan
properties. Because of the small rumber of hormone molecules
usually present, a receptor must have a high affinity for the
hormone; that is, a strong fendency to bind with the harmoane.
Second, the recepbor should haye high specificity for the harmane,
amd [ittle tendency to bind other molecules, A third feature of
raceptors is their low capacity. This mesns thatl al avalshle
receptor sites are oooupied at relatively fow hormone concentratiens;
that is, the receptar is sad 1o be saturated, Finally, the distribution
of a puEative recepior should correspond Lo known target cels for the
hormons, @nd shodd be correlated with & specific physiologic effect.

The affmity of & hormone for its receptor and the number of recep-
fors are not static, Receptor concentration is affected by genétics,
the stage of growth, the stage of the target celfs cycle, and the
degres of its diferentiztion. Recaptor concentration and atfinity for il
hiormone are affected by jonic balance and tempesature, by concen-
tration of the homolegous hoemone and heterciogous hormones, and
by antiteodies agamst the receptor,

The number of functional receptors = modulated wp [up
regulation] or down (down regulation], permiting the cell to
raspomdd aptmally to smal charges o hormone  concenbration
Frolonged hormone exposure usudly results in reduced funchional
celsurface recapbor mobecules, thus desensitizing the call 1o high
hormons levels, This reduction is known 1o accur m &t least 4 ways,
Receptors can {1} he destroyed after endocytosis, (2 be inder-
naized by endocytosis and reman stored ininfracalular vesicles, (3]
reman on the call srface bt change so they cannot bind the
hormors, or (@) hied the hormone bat form & recepter-hoemons
complex that doss nof induce a normal response, Conversely, in
developmental conditions, the first contact of a hormone with its
target cell may resull in receptor up-regudation, with acceleratad
Binding and actions of the harrmans on its target call,

sgcond Messengers

The two primary Infracelular second messenger systems fhat
respond o the  presence  of  pervous  stimudation o
calecholamine/poypeptide hammone bindng on the cell suface are

the cyclic adencsine monophosphate (cAMP)  and
calclum/diacylglycersl messenger systems (Part Al. These fwo
sy=tams are nol todaly unrefated.

The cAMP Messenger System

Hormones or neurolransmiltors thal affect call metabolism va cAMP
gre bound on the cell suface to receptors specific for those
sufrstances. This binding results in esther activaton or inhibiion of the
enzyma adenylate cyclase (or adeny cyclasa), which is responsibla
far the Tormation of cAMP from adenosine triphosphate [ATP)
(Part B). Transfer of the sgna from the occupid receptor on the
membrane's outer face fo ademylate cyclase, kecated ap the
cyloplasmic =de of the membrane, occcurs wa guanosme triphos-
phatodinding proteins [G, [stimulatory} or G; (inhibitory)
proteins]. Some hormones that aclivale aderdate cyclase (Part C)
frave a sequence of e aming acids in comimen, with which they bind
to ganghasides on the plasma membrans. This same amino acid
sequence 15 foumd on the structures of the plant toons abrin and mcin
and on cholera and diphthena loxins, all of which have ganghosides
a% theair mermbrane receptors, Paptide hormones that do mt acfivate
cAMP may activate other engzymes, such as guanylate cyclase, or
regulate the mbracellar concentraton of Ca®™.

Cyclic AMP is often referred to as the second messenger, with
the hewmone stimulating its production being the first, 16 stimulaies
actreabon of cAMP-dependent protain kinass, (e, protein kinase A
[PHAL, which fambfates phosphordaton of some protem produwcts of
the target cell. Phosphodiesterase, which mactivales cAMP o
5'AMP, can be sterulated by Ingulln Gin adpocytes and liver cells)
Examples of some bislagic effects of cAMP are listed in Part D.

Protein kinasa A s the enzymme activalad intracellulady by cAMP.
This eneyme, in turn, is capable of actwvating & number of other infra:
cellilar er@ymes by phosphorylating their kinases (see Part A, this
beading to a biologic effect specific far the cell type involvad, Albarna
tvety, cAMP-stimulated phosphordation can deachvate other
engymas. Thus, after & bormone binds o ifs recoplor, (g
epinephring badng 1o fadrenergic receptorsh, the cAMP messenger
gysiem generates a cascade of effects that ulimately alters the fiu
of metahalibas within the call. Ackvation or mactvabion of recporocal
paltways within a responsnie coll can inhibt metabolie rebeasse on tha
one hand, while stimulating storage on the other,

Cyclic-AMP can also act 2z a hormone second messanger by
altening gene axpression. Target OMA molecues are known 1o
possess 3 CAMP regulatory element (CRE) thal birvds 2 proton
Iranscription factor known @s cAMP response element binding
protein (CREB), Cyche-AMP activales protein kinase & the catalyiic
subunit of the enzyme is then frea to be translocated mto the micleus
where it phosphorylates CREB. Phosphoryiated CREE now becomes
capabile of complexing with CRE and ancthar franseription profein
sisch as activated transchption factor-1. The final result of thes rather
complex senes of reachons is the stmulabon or mhibdion of RNA
polymerase and transeription of the largel gene, and hance st
lation or inhibifion of synthesis of a specific proten

The actions of cAMP e termingted when it = hydrolyred by
phosphodiesterase, as discussed above. Becase the actraty of
phosphodiesterase s dso modulated by hormones wa 2 G profein,
CAMP levels inside cells are imdar dual regulation. Two Fofrmanes can
function antagomstically if are stimuates adergd cyclase and The of e
shimidates phasphadiesterase (eg,, gucagen and insulin, respectively)

cAMP in Primitive Forms of Life

Some funchons of cAMP in prmitive formes of Be have been studied
mtensively. For example, n the slime mald, which is an aggregation of
celfls that were once dspersed as indididual amoshas, cAMP anpears
ta be the primary sggregating shmius, and & secratad mta the medium
when rufrients are in short supply. Simitary, in gicosedeprved E, call,
the sarme substance cases derepression of the lac opesan, which
enabdies the organiam fo metabolire galactoss,
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