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Chapter 11: Cell Communication

Chapters 9, 10, and 11 form three of the most difficult chapters in the book. The special challenge in
Chapter 11 is not that the material is so difficult, but that most of the material will be completely new
to you. Cell communication is normally not covered in standard high school biology books, yet
perhaps no other section of biology has grown as much as cell signaling has in the last ten years. Take
your time with this section, and you will be rewarded with a knowledge base that will be most helpful
in this course and courses to come.

Concept 11.1 External signals are converted into responses within the cell

1. What is a signal transduction pathway?
A signa) transduchan porhway canverts a reccive d
signal o a cellular response in & sencj of
steps.

2, How does yeast mating serve as an example of a signal transduction pathway?
The wo yeast mahng types (a 4x) exchange mabng factors

+hat bind to recepters on oppesite cell and induce a chan
in celly that leads 1o Hheir fUsSIaN ;whreh creades a Nely cell.

. A Complete the chart of local chemical signaling in cell communication in animals.
Local Signaling Types Specific Example
Paracrine nuneravs cells simultaneausly receive 3 respord

to local signaling molecvles , fer exam ple

Hesecreben of a gowh facker +hetsmulcites
cell grawtHnh + dinsion

Sysaptic an elecmcal signal Mogers +he relcase of
a Newohansmiter In o hevve cell ,which

di Fuse acrpss Hhesynapse and shmuiote
+Hhe taretcell

4, How does a hormone qualify as a long-distance signaling example?
Hormene s qualify as long-drstance signal s becavse +hey
are released into Hhe blood vessel's (cdrulatoy system )
and favel fo other parts of Hne body to recach taget
cells Hat can respond o the omene.
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- ) A signal transduction pathway has three stages. Use Figure 11.6 to label the missing parts of
the preview figure below, and then explain each step.

Reception

| =
The cell detects +he &m CYOPLASH
gL g Peloa e i Respoe

vinds to a recephr
cellvler

pEjh D-o-8-o-

Transduction / reepter  Relay Molewl€s

The receplor protein cnarge s s."‘nal

shapc and conver fs signal &m»_ff"ﬁ‘mo‘ pemomine

to relay molewles +hat

can tun the signal into o specifc Cellular response . Th‘gcjm

a signal tansducton pc4+hwg,3 0t OCCYrs Th senes of Sieps.

Response

The +ansduced signal ™MOgers a cellularrcsponse 1n +he
el

Concept 11.2 Reception: A signal molecule binds to a receptor protein, causing it to change shape

6. Explain the term ligand. (This term is not restricted to cell signaling. You will see it in other
situations during the year.)

Aligand is amadewle Hat specifcally binds to

another molecwle (oFken o lager cne)

The text will explain three major types of membrane receptors in Figure 11.7. This material is
of fundamental importance, so we will work thorough the specific figures for each type of

membrane receptor. The first example is a G protein-linked receptor. In the first figure, label
the components and then describe the role of the three components.

The Gprokein - linked veceptar
will receive +Hne Signa\mq
molew!l€ . The G-prottin is in :
i+s inoctive fam when bonded  Shpied
to 60P. ™Me enNzyme i3 nO 1+ recepior
achvated yet.
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10.

12.

13.

Label and then describe what happens in step 2.

The signalling molecuie bind s to +Hre
(eceptr ,which cavsesit ro change
shape . The inachve G protcin
binds o the recepitr ,which lcts
6TP take +he place of 40P,
achvahng tht G prkin.

Label then describe what happens in step 3. (The yellow box at the bottom right is important!)

Tne achve 6 prakm move s along membancf_‘, ~ sgnalling ivclewle i
and binds to an enzyme, COUS:Z&W " ‘ o ‘Zg:/(;;d
change . The enzyme S achvated an0 g e@ntyre

an Mmgoexr the cellular respansce.

|

Respase

Equally important to starting a signal is stopping a signal. Step 4 stops the signal. (Failure to do
so can lead to serious problems, like cancer.) Label and then describe how the signal is halted.

The 06 protein furnchons as a GTPase
enzyme as well hydolyzing 1s 6P €S
back to 6PP andreleasing a phosphale g
growp - The G protein is inGuchve ogain
and enzym<€ retums o anginal G prtein
state . Thid finCH 0 of +he 6 pokN
allaws +he pathway to shut daun qu ckly and free
Hhe Gproiein fo be veused
What activates a G protein?
The © proktin 15 activated 0°Ce the signalling Molecle binds to
the recepttr and allaws +he G prkein Jo bind fo recepter as wej|
A G protein is also a GTPase enzyme. Why is this important?
This is impUtant becavsC i+ can change its 6TP back to
6PP, rupidly shuthng dan the pothway 2 allaing for reyse .
The second type of receptor described is receptor tyrosine kinase. Explain what a kinase
enzyme does.
A kinase enzyme can catalyze the transfer of

FHOSPhodC groups .
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14.

15.

16.

17.

18.

How does tyrosine kinase function in the membrane receptor?
TYysine kinasc Qre membrane recepters

Hhot can atHach phosphates +o +ymosines (aminoacid ) .
What is a key difference between receptor tyrosine kinases and G protein-coupled receptors?

A key difference /s Hhat +nhe receptor YYrosine kinase
can tngger mulhple pathuways with ca single h‘gand-

b ing INC event.
Provide all of the missing labels on the diagram; then explain what happens in step 1.

e two (cceptors exist as
indinvi doal ranomers i part 1.
The infracellular taul cantaind
multple tyrosines and
cannects to +he fransmembran€ N |
x helix ,whtch coonects 1O (ceceptor TYm@sing kinase pokin)
Fhe extracellvlar birding site.

Label step 2 and then describe what happens to receptors tyrosine kinases when signaling

molecules have attached. : .
> signal¥ing melepd €S
wWhen +htc Saqna' ng molewlcs g‘{x

aHach , Hhe two recepters o
associate closely and femn
wha+ 5 kNOown as a dimer,

y
Hn?cmbvm

Label and explain how the receptors are activated in step 3.
Aftexr dimenzahon, the tyrosine
kinase regicns ave achvated.

Then €tch of those adds o phesphle
fom an ATPmolecul€ o o different
HYrosint on Hhe othtr menaner.
After the P-goyps are odded,

the dimer s fully achvated.

Activaled Ally achated

B T
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19.

21.

Use step 4 to explain how the activated receptor can stimulate multiple cellular response
e > k Baqﬂahf\g MCCLACJ
ccef N NCW be :

The ach_va d rece| fU/ .CO C e G
recognized by spedEic velay)
prkins +Hhat bind to o phosphaylated

hgosine ,which changes their (’Rq‘m‘“z
Shape. This achvated fum oEihC

pokcins can trigger a signal PR SR
hansduchon pathway +at reac s prokens

o a cellular respinse . '
Each activated protein in the figure above triggers a signal _{YUn sduchon pathway
leadingtoa _(-€llU[ QY response.

Moving to ion channel receptors, the example in Figure 11.7 shows the flow of ions into the
cell. Ion channel receptors can also stop the flow of ions. These comparatively simple
membrane receptors are explained in three steps. In the first step, label the diagram and then
explain the role of the labeled molecules.

Thrsicjnah‘r‘g mol ecule will signaling. g5

) i 9909
bind to a site en +he h‘qcmd' mbfaq"‘ -.Q , _.’f:&’"’o
gated ion cdnanne | vecepker, v
which will allaww 1on's to flow / Plasmg y,

3 g Uiganidaoned T,
threogh to (lﬂahg‘-c ™me (an 1N chamnel recepier
Coy,(enfra‘h'm within Hhe (gate closed)
cll.

Label the diagram and then explain what has happened with the binding of the ligand to the
receptor.

ed onte
The ligand binds, Cavsing He gate mm“‘e&m‘ 3;73‘3
o open and a\lcu/mq spect Acions 'l = At
to Flaw thraugh ,which can \ ‘,/”"""a;t,,,
quitkely change the concentrahan :.oo"::mmar i
of Hation wHhinthe cell  This °;;,S:\m

change Can drrechj o Fect some
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23.  The ligand attachment to the receptor is brief. Label and explain what happens as the ligand

dissociates. <ignat
When Hht (igand breaks away , 6 dosed-gale
Hhe gate immediately closes, 2 S R

sfopping +Hhe Flaw 0 F NS

= -

Canyrgre © 2008 Puarson Caucason me MTNLCW

24.  In what body system are ligand-gated ion channels and voltage-gated ion channels of
particular importance?
They Ore impartant in the nenas system o &

e bady .
25.  Intracellular receptors are found in the (o Pl0SNor NwCleU S of the cell, where they

bond to chemical messengers that are _homm o0 ¢ & or very small, like nitric oxide.
( & hydrophobie)

26.  This diagram uses testosterone, a hydrophobic hormone, to detail how intracellular receptors
work. At each arrow, add an explanation of what is happening in the cell.

The e stostarane passes Hiugh the plasma
membant

The norman-€ binds 1o receptor potein in
ytoplasm , which uchbvates i+

e homonevecepttr Complex opoes into nuckey S
and binds fo s‘y?cciﬁ‘c r{)enc? ‘
™e bund pokin acts a's afanscriphon fecty e

shmulades +he tanstiphon of +he gene fo mrnA-
o )
nT e mRNA i3 franslated into acertein

protin by nloosume s
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27.  Animportant idea, transcription factors, is introduced in Figurel1.8. Explain the function of
transcription factors in the cell.
Trans criphon factars are protuns that can o\ whidn genes are
Hunsonbed into mRNA in acell ata particular time.
Concept 11.3 Transduction: Cascades of molecular interactions relay signals from receptors o
target molecules in the cell

28.  What are two benefits of multistep pathways like the one in Figure 119?
- Possibility of gveat ampliGcahon of a signal

- Mare oppartnihes for coadinahion and re u laticn ofresponscs
29.  Explain the role of these two categories of enzymes in transduction.

Protein kinase .
Transfers phosphote Qaups flom ATP 10 O protein

Protein phosphatases |
Removes phosphate grups (oM poteins rapdly

30.  Using Figure 11.9 as your guide, explain what is occurring in the cell at each arrow.

Relay molew!€
Y achvates poin

inaye 1

Active PKA hransfers
phosphatte fram ATP to

LR inuckve pPKL,ackhatimgit
&an’%)/ Active PK L catalyte

: o prosphany lahen yactvabon
| A - Al ? ok f?Kg
t‘.-.,4%/ Achve PE3 phosphonyletiey

a poten Hat

Enzyme (PP)
catalyze removal e e ;
By Active ___ Cemaw " 1
o phosphate growps i, > — ggers +he cell's

¢ : reseon
Hm‘w rmk'ny’ g P SC/

making +hem machve
g avai \able fr reuse
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31.  What is the difference between a first messenger and a second messenger?
The fHirstmessenger (s+nc exthocellular siegnal ing
mdlewle and secnd messengers spreud thanh the cell by

diffusicn (canying a si CJﬂG' .
32.  Two common second messengers are cyclic AMP (cCAMP) and calcium ions (Ca’*’. Explain the
role of the second messenger cAMP in Figure 11.11 from the text.

The sccond messenger, (AMP, boad casts a signal 16 +he
cytoplasm  af+er synHnesis by adenylyl cyclase .

33.  What is the important relationship between the second messenger and protein kinase A?
the secand messengey (cAvp) achvates pofein kinase A
which Hhen prosphaylates vancus other proteins ,
This is impatant +o +Hhe pathway-

34.  Figure 11.11 explains how to initiate a cellular response; how might that response be inhibited?
Phosphodiestorase cowverts (AMP 1o AMP, stopping (1>

Hinchon. Also, certaiin G pofein syskems inhibi+
adenylylcyclase ,unich weuld stop the prﬁdU(“HC""
oOF cAMP-

35.  Using your new knowledge of cell signaling, explain the mechanism of disease in cholera.
people pcquire ubno cholerae  uhich i abockenum +ha+
forms o bioFlm inside +Hhe€ inteshnc anaol produce.s o toxiN
that chemically modiFics a 6 prtein inwlved in salt & water
secrehon . The G potein remains stuck inits achve fom,

stiimvlakng cAMP podvchOn,which causes high salté wawrsarn’fm
36.  List three types of pathways often induced by calcium ions. cdiamrhea).

Muscle cell contrachon
Secre hon of certain sdostances
Cell dinsion
37.  What happens to the cytoplasmic concentration of calcium when it is used as a second
messenger?

When i+ is Used as a secand messengey,
calcivmn levels se in € cgm[iasm.

Copyright ® 2010 Pearson Education, Inc. -8-



AP Biology Reading Guide Chapter 11: Cell Communication
Fred and Theresa Holtzclaw

Concept 11.4 Response: Cell signaling leads to regulation of transcription or cytoplasmic activities

38.  When cell signaling causes a response in the nucleus, what normally happens?
when cell signalling cavses a respPase (N +ne hucleus,
(speific) genes are “wsvally funcd on or off by activah on of
a transcripton facter ,which starts/stops synthesisof

MENA ond =sybsequent profein poduchon.
39.  When cell signaling causes a response in the cytoplasm, what normally happens?
whnen cell s.cjr\ahr\o cavses cyfoplasmicC res PoNsc, +he

P

achwv ty of o brofeiny > regulated ,whether s an

enzyme ,jonchannel er relay protcin. |
40.  Figure 11.15 shows a single molecule of epinephrine resulting in the formation of YU hplc

molecules of glucose-1-phosphate!
41.  Figure 11.1@shows four different cellular results from a single signaling molecule. Briefly

describe each response.
Cell A
Pathway ltads to one single responsc
Cell B )

_ Scamne himed Sl‘f\f

Pathway can branch,leading o o respanses (wfreceptar Y15
Cell C
C1oss -talk occurs between fwo poith ways (2 pathways converq) € for
Cell D 1 respanse)

pifFferent veceptor potein Jeads to different responsc

42.  How do scaffolding proteins enhance a cellular response?
scaffolding proteins enhance cellolar response ey

attaching fo several o¥ner relay proieins and may faailiiate
pnosphedglahad casxcades o enhance speed OCCLYC(C\j

of siqna) hransfers . (anddirecHy achvate n3)
Concept is (programmed cell death) integ cell-signaling ways

43.  What specifically ha a cell during
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