R?e'\riéw'

Allcellsin a multmell ujar orgamsm have the same ncmtlc 1mkeup How thcn do ceils bewmc dlfferent and how
are the various cell types able to carry out different celiular processes? Chapter 9, “Gene Expression and
Regulation,” will review how genes, the units of heredlty, are able to produce traits. In short, the information
stored in DNA is used to make another nucleic acid; messenger RNA (mRNA). The information i mRNA is
then used to make proteins. As enzymes, proteins reguldte chemical reactions that generate traits. Other pioteins
may serve to regulfate gene cxpress:on In sumuary: : :

genes (DNA) -3 mR\IA — protemb (emymes) — szructure, physmlogy, beha\qor

Still, thm does not cxpldm how thc same set of genes can producu different kinds of structures or promotc
different celtular processes. Cells become di fferent because gene; ‘expression varies among cells; that is; in some
cells genes are turned on, while in others, those same genes are. turned off. The major factor that influences which
genes will be: expressed is the environment. Each cell receives chcmlcal and phy';zcai s:gnals from its surro) undmgs
that trigger metabolic activities that direct-or mﬂuence the expressmn of i ity genes

Signals from the extcrnai environment come from bloloslcal sources, such as chemlcals from a pathogen ora bee
sting, or from physical sources, such as light or heat. Within a muitlcelluiar organism, cells also receive sz,,nais
from other cells: This can happen in several ways, depending upon how far the sighal nceds o tr'wel

1. Direct contact between animal C&l]b a]}c«ws protcms carbohydrates, and lipids of the p]asma membranes to
_ transmit information. This kznd of communication'is common among cells during early devc]opmcnt
Information is also transmitted through two kinds of communication ;unctwnb .

® Gap junctions in animgal cells allow for cliemnical and clectrical mgnalm*’ between ceils Tons and small
motlecules can pass through gap junctions, but farger molecules, like proteins and nucleic acids, cannot.

= Piasmodeam‘\ta in plant cells are tunnels of cytoplasm. between celis. They provide passageways across
plasma membranes and céll walls for the movement of ons, amino acids, sugars, small proteins
(including transmptzon factors), and micoRNA (miRNA). Transcrzpﬁ:on factors-and microRNA
- regulate gene expression. (Details are in Chapter 9, “Gene Expression and Regulation,”)’

2. Synaptic signaling occurs between junctions of nerve cells or between nerve and muscle cells,

_ Neurotransmitters, short-fived chemical signals, cross a vcry srmll space bezween thesc celis to stlmuia.te or
: 111h1b1t a aervc 1mpu3<;e or muscle contraction. :

3. Paracrine SIgm:img isa mechamsm for loc&i communication. Cells secrete substances that affect oniy nearby
cells because the substances are either readily absorbed by adjacent cells or rapidly. broken down in the
extraceflular fluid. Growth factors, for example are paracrine mgnais secreted during ear]y anzma]
development. . .

4. Endocrine signaling provides a mechanism f'or distributing &gnals £hroughout a muluccllular orgamsm ‘For
examplc hormones produced in one part of the body target cells in 'mother part of the body

The remainder of this chapter focuses on how 2 %Lgnal once recognized by a celi, aczudlly mamfests achange in
the cell. The mechanism for this prowsa is a signal tmnscluctzon pathway. :

‘Signal Transducticn Pathways

A signal transduction path\i ayisa sequencc of molecuiar mlemctlons that transforms an extraceilular szgnai into
a specific cellular TESpOISe. The process can be’ wmmarzzed like this:

S;gnai {1st messenger) —. Receptor ~> Prozems or other 2nd messengers — Cellular responses

71



CliffsNotes AP Biology 2021 Exam

Signaling molccules, or ligands, are ﬁrst messengers. They are small molecales that bind to larger receptor -
proteins of specific target cells. When the specific ligand binds to a receptor protein, it induces a change in me
three-dimensional shape of the receptor protein. That change initiates some kind of activity in the receptor
protein. There are two types of signaling molecules:

» Hydrophilic ligands are signaling molecules that cannot cross the phosphotipid bitayer of a membrane. They
bind to membrane receptors at the membrane surface.

® Hydrophobic ligands and certain small molecules are signaling molecules that are able to cross the
membrane unaided. They bing to intracellular receptors in the cytopiasm or nucieus.

Receptor protfeins are molecules that have binding sites for signaling molecules. When activated by a specific
signaling molecule, they initiate a series of reactions that activates a cellular process. There are two kinds of
receptor proteins:

# vembrane receptors are transmembrane proteins, extending from the outside to the inside of a membrane
The part of the receptor protein that faces away from the cell presents a binding site for a specific swnal“_ng
meolecule. The other end of the protein, facing the cytoplasm, initiates a chemical reaction. i

& Jotraccllular receptors are protems that occur in the cyioplasm or nucleus,

Second mcésengers are molecules that relay a signal from the inside face of a receptor protein to other molecﬁies
that may initiate a cellular response or may act as additional second messengers. They have these characteristics;

2 They are small, nonprozein molecules.
® They are hydrophilic, hydrophobic, or gaseous molecules,

= Examples include Ca™, TP, (inositol trisphosphate), cAMP {cyclic adenosine monophosphate), and DA(
(diacylglycerol).

i (i

Various other membrane-bound or cytoplasmic proteins are often additional components of a transduction °
pathway, carrying the signal response from the receptor protein to other target proteins that may initiate a wl] ular
response. Although these proteins have specific names, they are generally referred to as relay proteins, responsz,
proteius, substrate proteins, or effector proteins.

A signaling cascade is a series of enzymatic reactions. The first enzyme in the series activates a second enzyme, the
second enzyme activates a third, and so forth. Because cach enzyme can be used repeatedly, the products of e}fxch
reaction magnify as the sequence progresses, like a chain reaction. Ultimately, a signal that may bave begun with
a single signaling molecule may be amplified to produce a huge aumber of molecules that elicit a strong ce]luiar
Tespornse. i

® A kinase cascade, or phosphorylation cascade, is a signaling cascade consisting of a number of different
kinase enzymes (Figure 6-1). A kinase is an enzyme that phosphorylates its substrate, that is, addsa ¢
phosphate group to it. In a kinase cascade, each kinase phosphorylates and, thus, activates the next kindse
in the sequence, ultimately phosphorylating and activating a protein that initiates a cellular response. Thc
kinase cascade amplifies the signaling response. i

w Scaffold proteins improve the efficiency of a signaling cascade by holding all the participating enzymes 11
close proximity. The scaffold also serves to keep the members of one signaling cascade isolated from
memnbers of another cascade,

® A protein phosphatase is an enzyme that dephosphorylates its substrate, that is, removes a phosphate grcfup
from it. When these enzymes dephosphorylate the kinases in a kinase cascade, they serve to terminate the
signaling response.
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There is both great specificity and great flexibility in transduction pathways. Signaling molecules are specific for
the binding sites of receptor proteins. However, the response that a specific signaling molecule initiates varies
with cell type and the influence of cytoplasmic substances.

The complexity of many signal transduction pathways has several advantages:

a  Amplification. It provides a mechanism for amplifying the effect of a signaling molecule.

= Control. It gives the celi more control over the accuracy of the signaling pathway. Because ali components
of the pathway must he functioning properly, there is a smaller chance that the transduction might occur in
error. "

= Multiplicity. A single signaling molecuie can activate multiple cytoplasmic proteins, each generaiing a
different biochemical response. As a result, multiple processes can be coordinated to produce 4 single
cellular response.

Table 6-1 surmmarizes four kinds of receptor proteins—three membrane receptors and one intracellular receptor—
and the signal transduction pathways they initiate. You should be prepared to describe at least one of these receptor
proteins in detail in a free-response question on the AP exam. In other cases, questions may provide you with a full
description of a pathway and ask you to use the descriptions to make conclusions. Familiarity with alt four kinds of
receptor proteins wiil work in your favor. ' :

Also note that some of the examples of these pathways are pursued in more detail in subsequent chapters.

Table 6-1: Summary of Receptors and Their Functions

Receptor Type.

i ] . : | Examples .
Gated ioa receptor | Ligand- gthd ion Acctylckoline | Na" gate opens;
: channel _ _ nerve impulse or
_ muscle contraction
Voltage-gated ion Change in Na*, K' gates open;
channel membrane voléage . { perve fransmission
continted
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e TReceptor o 1_(lst'M¢sseng
‘Receptor Type- . | Description = - "~ | Examples - ranisms -5 Examples o
G protein-coupled | GPCR + G protein | Various Enzymatic effector | Enzyme activity
receptor {GPCR) + effector protein protein ' i
cAMP (2nd Glycogen — glucose
messenger) ' :
IP/DAG (2nd | 1P, releases Ca™ as
‘IMessengers) 2nd messenger
Ca® (2nd Muscle contraction
messenger) ;
Protein kinase Receptor tyrosine Insulin Multiple kinase Glucose —
receptor kinase (RTK) a cascades giycogen; glucose
- export :
Receptor sering/ Mitogens, growth - | Ras (G protein); Activation of -
threonine kinase factors mitogen-Kinase transcription factors
cascade that promote gmwth
and cell :
differentiation
TIntracellular Cytoplasmic or Steroid hormones Development of
receptor nuciear receptors (testosterone, primary and |
estrogen) secondary sex
characteristics

Gated ion Receptors

A gated jon receptor is a transmembrane protein that contains a gated channel, that is, a channel that opens gnd
closes in response to a specific signal, When open, the channel ailows a specific ion to pass through. A ligand
gated ion receptor responds to a specific ligand, that is, a molecular signal, There are also voltage-gated-ion
receptors that open or close in response to voltage differences across the membrane. A typlca] ligand-gated xoil
sequence follows {Figure 6-2a): :

1. Ligand-gated ion receptor receives snonal A specific messenger §i gand binds to the outward facmg surfa ;e of
the receptor. : :

2. Receptor channel opens and ions pass through. 1n response to the binding of the ligand, the three-
dimensional shape of the receptor changes, opening (or c!osmg) a channel that atlows a specific ion to. pass
through and enter the cytoplasm. : .

3. Yons initiate chemical response. Once in the cytoplasm, the ions initiate a chemical response.

4. Ligand-gated ion receptor deactivated when ligand detaches from receptor. The ligand-ion receptoris |
deactivated when the messenger ligand is broken down by another enzyme, the binding site for the hgand is
blocked by an ailostenc ligand, or the ion passage is obstructed by a chdnnei blocker. :

An important example of ligand-gated ion channel involves acety Ichohne, a neurotransmitter that is the s1gnc img
molecule that transmits nerve impulses befween nerve cells (neurons). A neuron that is transmitting a signal ;
releases acetylcholine into the extracelfular space between neurons (the synaptic cleft, or synapse). When :
acetylcholine binds to the ligand-gated receptor molecules of the receiving neuron, the receptor molecules opcn a
gated channel that aliows sodium ions (Na") to enter the cell. As Na' enters the cell, the inside of the cell becomes
more positive, This change in membrane voltage (calied an action potential) initiates a nerve impulse. Neurons '

stimulate muscle contraction in a similar process. :

74




.Chapter 6: Cell Communication

ligand

(51gnaling maolecule)

g B

»

cytoplasm

© g9

{a) Ligénd-Gated lon Recepior . - @ e@ ’ ;

| g @ ? .

ions

]

cellylar response

@—ligand

substrate '

\(:19nallng
¥ MR oo

malecute)

(b} G Protein-Coupled Receptor
- (GPCR)

. Effector protein

ceilular response P

®

products -

rotein kinase

T T
ATP  cAMP~—__ 2nd messenge
N
-protein kinase - Caz.

{mactwe) . (actwe
@ Ty

cellular response ceilular response

ligand

\{\SIQ{?I%HQ mcﬂacule)

{c) Receptor Tyrosme Ki nase
(RTK)

phcsphate

refay protein

' prote:n.

. protem
@ © kinase kinase
{inactive) (active)

kinase cascade

Membrane Receptor Proteins

Figure -2

75



CliffsNotes AP Biology 2021, Exam

An example of a voltage-gated ion channel is the transmission of 2 nerve impulse along a neuron. When the

ligand-gated-ion receptor responds to acetylcholine and Na” enters the cytoplasm, the voltage inside the neuron

becomes more positive. This voitage change, if strong enough, stimulates a voltage-gated Na* channel and,
subsequently, a voltage-gated K’ channel to open. The opening and closing of these voltage-gated ion channc
transmits the nerve impulse along the neuron. :

G Protein-Coupled Receptors

A G protein-coupled receptor (GPCR) is a transmembrane protein that activates a G protein. The G protein, Il‘
turn, activates another membrane protein, which, in turn, triggers a cellular response or activates a second :_
messenger. The G protein is so named because it has a GTP (or GDP) attacked to it. GTP is functionally and

structuraily like ATP, except with a guanine instead of an adenine nitrogen base, In its inactive {or “off”) stdze, a

GDP is attached to the G protein. Tt is activated (or turned “on™) when the GDP is replaced with a GTP.

GPCRs c« comprise the fargest family of signal receptors. They include receptors for vision, taste, airborne mgnalb

(odors and pheromones), hormones, neurotransmitters, and immune system acnv:ty Many pharmaceuticals a
opiates are GPCR ligands. i

g -

ind

A description of a typical sequence for a GPCR foliows (Figure 6-2b). Keep in mind, howe:vcr that the GPCR

pathway varies based on cell type, the particular GPCR that is actwated and the biochemical makeup of
individual cells.

1. GPCR receives signal. A specific messenger ligand binds to the outward-facing surface of the receptor. -
2 GPCR activates G protein by exchanging a GTP for a GDP. As a result of the ligand binding to the GPC

a conformational change occurs, activating the GPCR. The activated GPCR, in turn, exchanges a GTP for

the GDP on a nearby G protein. A GTP is now bound to the G protein.

3. G protein binds to effector protein. A subunit of the activated G protein binds to & membrane effector
protein (usually an enzyme), activating it. . : _
4. Effector protein initiates response, The effector protein, now activated by the bound G protem elicits a
cellular response. Some of the possible responses include the following: : i

B Enzymatic activity. The effector protein may be an enzyme that catalyzes a specific substrate, More
specifically, the enzyme may be a protein kinase and initiate a kinase cascade.

® Produce the second messenger eAMP. If the effector protein is the transmembrane enzyme adenyly]
cyclase, the enzyme converts an ATP to a cAMP by removing two phosphate groups (ATP — AMP +
2P) and binding the remaining phosphate group so that it is attached to the ribose sugar in two placc
instead of one (wrapping it around and making it “cyclic™). Many cAMPs are rapidly produced, :
generating a very strong and rapid response. The cAMP signaling pathway then activates a cytOplasm
response protein, such as an enzyme protein kinase. Depending upon the cell type, the response prote
initiates some specific cellular response that may be stimulatory or inhibitory.

w Produce the second messengers 1P, and DAG. If the effector protein is the transmembrane enzyme
phospholipase C, the enzyme c]cavcs a membrane phospholipid, PIPQ, to generate two second
messengers——1P; and DAG. DAG, the lipid portion of PIP,, remains embedded in the membrane, Whl
the soluble IP, moves into the cytoplasm, As second messengers, IP, and DAG initiate a variety of
cellular responses, depending upon cell type, : :

® Produce the second messenger Ca™. In many cells, 1P, mggers the transport of calcium ions (Ca*") acn
membranes. For example, in secretory ceils of sahvary glands, 1P, binds and activates receptor proteir;
membranes of the smooth ER to release Ca™ into the cytopidsm Here, Ca™ is a second messenger, |
triggering the release of saliva.

5. GPCR signaling is deactivated when GTP is hydrolyzed (not shown in Figure 6-2). When the GTP that 1s§
attached to the effector protein is hydrolyzed (GTP — GDP + P), the GPCR pathway is dedctlvated Ti"

released GDP is free to reassociate with the G protein.
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Glycogen breakdown in muscle and liver celis is an example of a cAMP signaling pathway. When a G protein is
activated by a signaling molecule (the hormone epinephrine); the G protein exchanges GTP for GDP on the
effector protein (adenylyl cyclase), which, in turn, converts ATP to cAMP, a second messenger. The cAMP
phosphorylates (thus, activating) a protein kinase (called PKA). Protein kinase activity leads to the activation of
an enzyme that removes single units of glucose from giycogen.

Protein Kinase Receptors

A protein kinase receptor is 2 transmembrane-protein enzyme. These enzyimes are kinases, enzymes that add a
phosphate group to a protein. Phosphorylation replaces the hydroxy} (OH") group that occurs m an R group of
an amino acid with a phosphate (PO,™) group. Such hydroxyl groups only oceur in three amino acids: tyrosine,
serine, and threonine. The best understood of these receptors is the receptor tyrosine kinase (RTK). -

A typical RTK sequence follows (Figure 6-2¢):

1. RTK receives signal. At the outer susface of the membrane, the RTK binds to a signaling molecule.
2. RTK forms dimer. Two RTKs associate, forming a pair {(dimer).

3. RTK is activated by autophosphorylatien. On the inner surface of the membrane, each of the two RTKs in
the dimer phosphorylates the other RTK using phosphate groups from ATPs. This process, called
autophosphorylation, activates the protein complex. Multiple phosphate groups can attach, each to a
tyrosine amino acid. :

4. Relay protein is phosphorylated. Relay proteins bind to the tyrosine-phosphate domains of the RTK. The
phosphates are then transferred from the tyrosines to the relay proteins. More than one kind of protein may
be phosphorylated by a single RTK dimer and each kind of phesphorylated protein can serve as ¢ relay protein
that initiates a different transduction pathway

5, Relay protein initiates transduction pathway. The relay proteins, now activated by the addition of a
phosphate group, are released. A relay protein can activate a cellular response or initiate a protein kinase
transduction pathway that leads to a cellular response. Each kind of relay protein participates in & different
cellular response. : : C

6. RTK pathway is deactivated by deﬁhasphorylhtion or receptor protein isofation (not shown in Figure 6-2). The
RTK pathway is deactivated when dephosphiorylating enzymes remove phosphate groups from the kinases
or when the membrane folds to encircle and internalize the receptor protein in a vesicle (eadocytosis).

There are two fundamental differences between an RTK receptor pathway and the GPCR pathway discussed
earlier:

1. The RTK receptor s usually directly responsible for initiating a transduction pathway. In contrast, the
GPCR indirectly activates a transduction pathway via a G protein and an effector molecule.

2. The RTK receptor may trigger multiple transduction pathways, ci'irec{ing a host of coordinated cellular
responses. In contrast, a typical GPCR triggers a single transduction pathway, ultimately activating a single
final product that leads to a specific cellular response.

Insulin signal transduction is an example of an RTK pathway. Insulin, & protein hormone produced in the
pancreas, is secreted into the blood in response to excess glucose in the blood. The bormone regulates the celiular
intake and utilization of glucose. Insulin, the signaling molecule, binds to the insulin receptor, an RTK of target
cells. Binding stimulates conformational changes that activate the receptor, which then trigger the formation of
an RTK dimer and autophosphorylation. Then, the complex binds to and phosphorylates an insulin response
protein. This response protein, now activated, initiates several signaling cascades. In muscle cells, one cascade
leads to glycogen synthesis (the formation of glycogen from glucose monomers) for short-term energy storage,
another to the transport of glucose into the cell. In liver cells, glycogen synthesis is also stimulated, and in '
addition, glucose synthesis from smaller molecules is-inhibited. In fat cells, the pathway leads to triglyceride
formation (for long-term energy storage) instead of glycogen formation.

The mitogen-activated protein (MAP) kinases are an example of a kinase cascade activated by a G protein. Mitogens
(mitosis + generating) are substances that stimulate cell division. After a protein kinase receptor is activated by a
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signaling molecule the receptor dimerizes, autophosphorylates, and activates Ras, a G protein, by exchangmg al ;

GTP for 2 GDP. The Ras protein then activates a mitogen-kinase (MK) cascade, where one mitogen kinase :
catalyzes the phosphorylation of the next mitogen kinase in the sequence. In this fashion, mitogen kinase kinase’

kinase (MKKK) activates MKK, which activates MK. This final MK activates nuclear regulatory proteins, calied

transcription factors, which turn genes on or off. These genes manage cell division and cell differentiation. Note L

the Ras protein associated with the RTK receptor and the G protein associated with a GPCR are both G proteins

because they are activated when a GTP replaces 2 GDF, but the series of steps that define the pathways of these.

receptors is very different. Ras is the fiest cytoplasmic enzyme in a kinase cascade, whereas the G protein assomatnd

with a GPCR is membrane bound and activates another membrane-bound effector protein.

intracellular Receptors

In contrast to the membrane-bound receptor proteins discussed earlier, intraceHular receptors are positioned in

14t

WO

the cytoplasm or nucleus. The ligands for these intraceflular receptor proteins are small molecules or lipid- solubie

nonpolar molecules that can passively diffuse across the plasma membrane, Ligands also inciude second _
messengers, like IP,, that are products of a signal transduction pathway generated by a membrane-bound -

receptor protein. Like other kinds of transduction pathways, the cellular respense elicited by a particular-recef:tor

protein varies among cell types. Also, various molecules specific to individual cells may act as coactivators to |

direct the target of the transduction pathway. The target of receptor protein activity may be in the cytoplasm or

the nucleus. When the target is in the nucleus (typically, the DNA), the receptor is often called a nuclear recept
A description of a typical intracellular receptor pathway follows (Flgure 6-3)

1. A sigonaling melecule enters the cytoplasm. The signaling molecute can be a first messenger lipid-solubie -

molecule or small molecule that diffuses across the plasma membrane or a second messenger molecu}e that

is introduced into the cytop]asm as a product of an intracellular fransduction pathway. S
2. The signaling molecule binds to the intracellular receptor, activating it. The receptor may be in the cytopla'

1198

Hil

or in the nucleus. In some cases, actwahon of the receptor £r1ggcrb the release of an mhlbuor that prcvented

the receptor from functioning,

3. The receptor-signaling molecule complex acts as a transcription factor, The receptm -signal complex blnds
the DNA, promoting (or suppressing) the transcription of genes.

4. Deactivation of the pathway can occor when signaling molecules or receptor protems are enzy matlcaily
degraded. In some cases, phosphorylation of the receptor protein results in deactivation. In addition, the
release of hormones into the blood 1s typically shut down by negative feedback mechan151m.

stercid
hormone

intracellular irhibitor mRNA

receptar ’/’m ﬁ /__/

protein
new

. protem

/

plasma . _ .
membraneg . cytoplasm : nucleus

Intraceliular Receptor Protein . '
Figure 6-3
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Steroid hormones, such as testosterone or estrogen, are exampies of ligands that bind to intracellular receptors.
These signaling molecules diffuse across the plasma membrane and bind to a specific receptor protein in the
cytoplasm. The now activated complex (hormone *+ receptor protein) moves to the nucieus, where it binds to
DNA and prometes transcription of genes that direct ceflular activities. Gene expression varies depending on cell
type and gender. In males, for example, testosterone activates genes in the testes that direct the development of
sperm cells, but in muscle cells, it stimulates the production of muscle fibers. In females, estrogen activates genes that
direct cells in the uterus to prepare for pregnancy, but in mammary cells, estrogen inactivates those same genes.

Disease and Cancer

Although genes contain the information for what a cell will become and how that cell will function, external
signals strongly infiuence how those genes actually express that information. For various reasons, signais are
sometimes inaccurately acted upon because the signal transduction pathway is distorted and does not operate
properly. Here are two examples. s ' : '

Cholera is a waterborne disease caused by bacteria. When contaminated water is ingested, the bacteria secrete a

toxin that disrupts the normal activity of GPCRs of intestinal cells. In particular, the GTP attached to the G

protein cannot be converted back to a GDP, so the protein cannot be deactivated. In these celis, this G protein

regulates the concentration of CI” and, when focked in its active state, continuousty generates CAMP, In response,

CI" is continuously transported out of the cell. Water follows the CI” by osmosis into the lumen of the intestines.

© 1f not treated, the resulting diarrhea can lead to dehydration and death, and the severe diarrhea assists the
bacteria in returning to the water supply. : ' '

Cancer is the result of uncontrolled cell division. Normally, cell division is highly regulated, with multiple
checkpoints during a cell cycle to ensure that the process is progressing correctly. Some cells initiate cell division
in response to growth factors, proteins released by cells to stimulate other ceils to divide. Growth factors activate a
protein kinase receptor, which, in turn, activates the Ras protein. The Ras protein then initiates a MAK cascade,
which ultimately activates a transcription factor. One such transcription factor binds.to DNA at the gene cailed
p53. The product of p53, protein 53, checks for DNA damage. If the DNA s damaged, p53 directs enzymes to
repair the DNA. Once repaired, p53 permits cell division to proceed. If repair is nnsuccessful, it directs other
enzymes to kill the cell, thus preventing the profiferation of damaged cells. Such programed cell death is cailed
apoptosis. If a member protein in the MAP signal transduction pathway is damaged or if the DNA contains a
mutated version of p33, the p33 protein product may be critically altered or nonexistent. Asa resuly, DNA
surveiliance does not occur and cell division progresses even if the DNA is damaged. Continued uncontrolled cell
division leads to a proliferation of cancer celis. Although mutations in p353 and other genes can be inherited, they
are also caused by the ultraviolet radiation in sunlight and by chemicals in tobacco smoke, -

Review Questions

Multiple-Choice Questions

The questions that follow provide a review of the material presented in this chapter. Use them to evaiuate how
well you understand the terms, concepts, and processes presented. Actual AP muitiple-choice questions are often
more general, covering a broad range of concepts, and often more lengthy. For multiple-choice questions typical
of the exam, take the two practice exams in this book. ' -

Directions: Each of the following questions or statements is foilowed by four possible answers or sentence
completions. Choose the one best answer or sentence completion.

1. Insulin is a signaling molecule that

is a ligand for a membrane receptor protein

is a ligand for an intraceilular receptor protein
enters the nucieus and acts as a transcription factor
is a second messenger that activates cAMP

Yyowe
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2. Cortisol is a steroid signaling molecule that communicates its signal by

A. - binding to a membrane receptor protein

B. Dbinding to an intracellular receptor protein
C. binding to DNA

D. binding to mRNA

3. Ali of the following are second messengers EXCEPT:

A. cAMP
B. Ca*
c. I,

D. FOXP2,2 transcription factor
4. Gap junctions and plasmodesmata aliow signaling

A. by direct contact

B. across synapses that span the synaptic cleft between nerve cells
C. among nearby cells during early animal development

D. between different organs of a multicellular organism

5. Receptor protein activation oceurs when

A. ADP is phosphorylated to ATP

B. ATP is converted to cAMP

C.  there is a conformation change in the receptor protein
D.  the receptor protein binds to a second messenger

6. A consequence of a signaling cascade is that it

A. supplies energy to the ceil

B. accelerates mRNA activity

C. isless susceptible to the impact of mutations
D. amplifies the signaling response

uestions.7-12 refer to the following. Each answer in the key may be used once, more than once, or not ot all.
& 'y may

A. aprotein kinase receptor

B. a G protein-coupled receptor (GPCR)
C. an intracellular receptor

D, aligand-gated ion receptor

7. Nonpolar ligands bind to
8. An exchange of a GTP for a GDP in a membrane-bound protein is characteristic of
9. Dimerization and autophosphorylation are characteristic of
10. A second membrane-bound protein is activated by
11. Passageways allowing movement of substances across the membrane are characteristic of

12. Second messengers are generated by the action of
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Free-Response Questions

The AP exam has long and short [ree-response questions. The long questions have considerable deseriptive
information that may include tables, graphs, or figures. The short questions are brief but may also include figures.
Both kinds of questions have four parts and generally require that you bring together concepts from multiple -
areas of biclogy. '

The questions that follow are designed to further your understanding.of the concepts presented in this chapter.
Unlike the free-response questions on the exam, they are narrowly focused on the material in this chapter, For
free-response questions typical of the exam, take the two practice exams in this book.

Directions: The best way to. prepare for the AP exam is to write out your answers as if you were taking the exam.
Use complete seatences for all your answers and do ot use ouiline form or bullets. You may use diagrams.to
supplement your answers, but be sure 1o describe the importance or relevance of your diagrams.

1. Although there are significant differences among the four receptor protein mechanisms, two aspects of their
activity are the same. Describe the two aspects of their mechanisms that are the same.

2. Although both a protein kinase receptor and a G protein-coupled receptor (GPCR) can phosphorylate a
cytoplasmic protein kinase, they do it in very different ways. Contrast how these two signaling mechanisms
phosphorylate a protein kinase. o '

3. There are four major kinds of signal transduction pathways, each employing a different kind of receptor
protein: '
% ligand-gated ion receptor
w G protein-coupled receptor (GPCR}
m receptor tyrosine kinase (RTK) receptor
= intraceliular recepior
For each of these pathways, answer each of the following questions:
Describe how the receptor protein is activated.
Describe the signal transduction pathway.

" Describe how the signal transduction pathway 1$ deactivated.
Provide an example of the pathway.

SO

Answers and Explanations

Multiple-Choice Questions

1. A. Because insulin is a protein, it is both a large and a charged molecule. As a result, it is unable to cross the
plasma membrane. Therefore, it must bind to a membrane receptor protein, never actually entering the cell.

2. B. Steroids are nonpolar molecules able to traverse the plasma membrane unaided. After crossing the
membeane, cortisol binds to an intracellular receptor protein. Note that signaling molecules do not
themselves bind to DNA or mRNA, but rather activate receptor proteins that initiate the appropriate
chemical responses. :

3. D, Second messengers are small nonprotein molecules. Transcription factors are proteins.

4. A.Gap junctions in animals and plasmodesmata in plants provide a passageway between adjacent cells for
signaling molecules to pass. Synaptic signaling occurs across synapses, the small gaps between nerve cells.
Paracrine signaling occurs among nearby cells, and endocrine signaling occurs for cells separated by
relatively farge distances. -
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5. C. A receptor protein becomes activated when it undergoes a three-dimensional conformational change
The new arrangement of atoms in the protein opens pdssageways or exposes active sites for binding.

6. D. Ateach step of the sxgndlmg cascade, a kinase enzyme can catalyze multiple reactions. Each of those
reactions is then the beginning of the next step of the cascade, now multiplied many times over. Each step,
then, has a mulupher effect, amplifying the signal. Also, because there are multlple participants, the :
signaling cascade is more susceptible to the influence of mutations, as a mutation in any member of thc
cascade can have a deleterious effect on the ultimate product of the signal, . :

7. . Nonpolar ligands can cross the plasma membrane without assistance, They enter the cytoplasm and bmd
to intracellular receptor proteins.

8. B. An'activated GPCR exchanges a GTP for a GDP on a nearby membrane-bound G protein. The :
exchange activates the G protein. A GTP exchange for GDP can also occur for an RTK receptor pathwa‘
(like the one involving Ras), but that exchange ocecurs on a cytoplasmic protein, not a membrane—bound
protem i

9. A. When a ligand binds to a protein kinase receptor (such as receptor tyrosine kinase, RTK), it causes 1t to
form a dimer with a second protein kinase receptor, Once the dimer forms, it attaches phosphate groups to
itself (autophosphorylates), _ :

10. B. An activated GPCR. exchanges a GTP for a GDP on the G protein, The G protcm isa nearby
membrane-bound protein.

11. D. Aligand-gated ion receptor Opens a gate, providing a passageway for ions to enter or exit the cell.

12. B.Second messengers are activated by the protein that is activated by the G protein of a GPCR.

Free-Response Questions

1. Each of the receptor proteins requires activation by the binding of a ligand. Atso the binding of the lrgand
to the receptor protein causes a conformational change in 1ts three-dimensional structure. i

2. Once activated, a protein kinase receptor, like RTK, directly phosphorylates and, thus, activates a
cytopiasmic protein kinase. In contrast, a GPCR is indirectly responsible for the phosphorylation event.
For a GPCR, phosphoryianon of a protein kinase begins when the GPCR activates a membrane-bound .
G protein, which, in turn, activates a second membrane-bound enzyme, whlch then can phosphorylate a
protein kinase.

o~

3. a. The binding of a specific ligand (signaling molecule) to the receptor protein triggers a conformanon%
change 1n the receptor of each of these signal transduction pathways, putting it in its activated state;
Step-by-step descriptions for each of these four signal transduction pathways are provided in the text.

¢, Deactivation is the last step in the step-by-step descriptions of the pat}:ways in-the rext.
d.  Examples are provided in the text.
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