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. Key Concepts

7.1 Signals and Signaling Affect Cell Function

7.2 Receptors Bind Signals to Initiate a Cellular Response
7.3 The Response to a Signal Spreads through the Cell
7.4 Cells Change in Response to Signals in Several Ways

7.5 Adjacent Cells in a Multicellular Organism Can Communicate Directly
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Key Concept 7.1 Signals and Signaling Affect Cell Function

Focus Your Learning

» Chemical signals that target cells can be classified according to signal source and

mode of signal delivery.
» A signal transduction pathway includes a signal, a receptor, and a response.

» Not all cells respond to a signal, because some lack the ability to receive the signal.

copyright @ 2023 EKAOZEIZ NAMAZHIH 3



"VEq)amOKplvr'] onuara éeopa')o-‘ ‘ p :

vTal OE Mapakeipeva KoTTapa Napakpivi) orjpara dsoped-
Zn llat056tn0nc . OF Enagn). B— ovral o€ UTTOSOKEIC KOVTIVWV
| KUTTApwv.

Ewkova 7.1 Zuotipata XnUkng

All cells process information from the environment.
The information can be a chemical or a physical
stimulus, such as light. Signals can come from
outside the organism or from neighboring cells.
Chemical cell signals

e Autocrine signals affect the cells that made them.

e Juxtacrine signals affect only adjacent cells.
‘Apeon SiakuTTapiki onparodéTnon

/ Ynodoyxéac
. ‘j‘ / x

Kotrapa xwpig
—— umodoyeiq yia éva
| ouykekpipévo
onua dsv anokpi-
vovtal o€ autd. |

Autokpivry orjpata Seopel-
ovtal £ UNoSOXEIC Tow idlou

TOU KUTTAPOU TIOU TA EKKPIVEL, Aev gival

KUTTapOo-0TOXO0C
(6x1 urodoxeic)

(B) Kuttapikny onuparodoétnon ané anéotaocn

Jrjpara mou KUKAoQopoUv HETagépovtal
e Paracrine signals affect nearby cells. ané 1o KUKAOYOPIKG CUOTNHA Kat Seoped-

. . 5 ovtatl o€ UTTOSOYEIC AMOUAKPUOUEVIV KUTTAPWV.
e Endocrine signals, hormones travel to distant . X , ,
cells, usually via the circulatory system.

Kutrapo-otoxog

Ewkova 7.1 Zvotpoto Xnpuikic Xnpotodotnons

(A) 'Eva pop1o ofpotog pmopet vo dtoy€etTor Kol voL 0po 6To
KOTTOPO TOL TO TOPAYEL, GE £VO, MOPOKEILEVO KVLTTAPO, 1) GE
éva Kovtvo kuttapo. (B) Ot opuoveg etvor ymuikd onpota mov .
dpovv o€ OMOUOKPUCUEVO  KUTTOPO KOl  TPEMEL VL KOTtapo mou ekkpivel
LETOQEPOVTOL HEGHD TOL  KLKAOQOPIKOD GUOTHUOTOS TOV
OpPYOVIGLOV.

Ayyeio kukhogopiag
Kotrapo-otoxoc | (m.x. éva aipo@opo ayyeio)
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Ewdva 7.2 ‘Eva Movonatt Metaywyng Zpotog

n ‘Eva orfjua @tavel

To respond to a signal, a cell must have a specific
receptor that can detect it.

A signal transduction pathway is the sequence of
events that lead to a cell’s response to a signal.
A signal transduction pathway involves a signal, a
receptor, and responses.

Responses may involve enzymes and
transcription factors that are activated or

Mopio orjpatog \O —

Ynodoxéag

Avevepyo

]
_,@/

77

ot £va KUTTapo-otoxo.

a To poépio orjparog deopedetal 0 |

£évav npwTeiviko unodoyéa otnv

1 KUTTApPIKA em@aveia i péoa oto

Kuttapéniacua.

E) H Séopcuon Tou orjpatog alaler |
| 10 TpIodiaoraro oxfpa (Siapdpew-|
| on) Tou unodoyéa kal ekBétel TO

evePYO TOU KEVTPO.

O evepyonoinuévog
unodoyéag evepyo-

inactivated to bring about the response. Hm\f‘u‘)’f;]‘c’ [;) C;) notel éva povomém
> Crosstalk: Signal transduction pathways can be orpatoq / N it i
i nterre I ate d Evepyomnoinpévo / \ KUTTAPIKEG aANayEC,
' : : HOPIO pETaYWYNG —
e Pathways can branch; one activated protein may orjpatog Q E;;xuzpéeeouec
. . ayég:
activate multiple pathways. Evepyonoinon
. evllpwy,
e Multiple pathways can converge. l iETooeh
e One pathway may be activated while another is Hetakivnon
T ~ MakponpéBeopeg
inhibited. 7 alayéc
' Tpornonoinuévn
petaypagr DNA

Ewova 7.2 "Eva Movoratt Metayoyns Iqpatog Avtd 10 yeVIKO
povomatt €ivor Kowwd o€ mOAAG KOTTOPO Kot Kotaotdoels. Ot telMkég
EMOPAGELS 6TO KLTTAPO Elvar gite PpayvmpdBecpes, eite pakpompdecueg
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Key Concept 7.2 Receptors Bind Signals to Initiate a Cellular Response

Focus Your Learning

» Cells make specific receptor proteins that recognize only the signals to which they
respond.

» Binding of a chemical signal (a ligand) with its receptor is reversible and is
measured by a dissociation constant.

» Intracellular receptors are located inside the cell, where they interact with physical

signals such as light or with chemical signals that diffuse across the cell membrane.

copyright @ 2023 EKAOZEIZ NAMAZH2H 6



Receptors Bind Signals to Initiate a Cellular Response

» Receptor proteins have very specific binding sites for chemical signal molecules, or ligands.

» Binding the ligand causes the receptor protein to change shape.

» The binding is reversible and the ligand is not altered.

» Receptor (R) binding to its ligand (L) is reversible: R + L ¢ RL

K is the dissociation constant, a measure of the affinity of the receptor for its ligand.

» The lower the K, the greater the affinity.

» Some receptors have very low K, values, which allows them to bind at very low ligand
concentrations.

» Many drugs function as ligands. The K value of a drug’s binding is taken into consideration
when determining dosage levels.

» Other chemicals similar to ligands can also bind to receptors.

e Agonists have the same effect as the ligand.

e Antagonists (inhibitors) bind to the receptor and prevent the ligand from binding.
copyright @ 2023 EKAOZEIZ NAMAZH2H 7



(A) Aéopgvon Tou onfjparog g adevooivng otov unodoyéa Tou

Ewova 7.3 Eva Znpa kot o Ytodox€ag tou — Evag pepBpavoouvBedyevoc unoBoxtac £xet
JTEPIKO ‘ 1600 e£WKUTTAPLEC GO0 Kal EVEOKUTTAPIES EPIO-
xé¢ mou ouvdéovral pe éva vdpdgofo Turfua.

" —————.
| To onjua (ouvdéng) epap-
( - ) uola péoa otov unodoyta

( A oy EEWKUTTAPIA MEPIOYT) TOU.

» Adenosine (ligand) initiates a signal transduction
pathway in nerve cells that reduces brain
activity.

» Caffeine is similar to adenosine and binds to the

same receptors.
» Caffeine (antagonist) “ties up” the adenosine
receptors, allowing continued nerve cell activity.

Eowrtepikd Tou KutTdpou

(B) Xnuikr) opordtnra perady ka@eivng kat adevooivng

Ewkovo 7.3 'Eve Xfjpa ko 0 Yodoy£ag Tov < i NH,

(A) O vmodoyfog Tng adevooivig 2A Ppioketon otov avOpodmivo  C Sy N N N\
EYKEPAAOD, OOV EUTAEKETOL GTNV OVOICTOAN] TNG EVEPYNTIKNG EYPYOPOTG. | /> l\ | >
(B) H adevocivn givor 0 kavovikog (EvO0yevig) GLVOETNG TOV VITOOOYEQ. ” T o N "
H xagpeivn €xel dopn mapdpoto pe ekeivi g adeVocGivng Kot pUmopet vo CH,

Opa. MG OVTOYMVIOTNG TOV OEGUEVETOL GTOV VITOOOYEN Kot TopeUTOdilet
TNV KAVOVIKT] AEITOVPYia TOVL.

Kageivn Abevooivn M

OH OH

O1 napdpoieg Sopég kapeivng kal adevooivng entpénouy
xat o1ic 500 va Seopevovral oTov Unodoxia, AN HOVO
| n delrepn Sivar 1o évavopa yia peraywyry orfparTod.

E: H déopevon g adevocivng kot tng Kapeivng etvot oLotomot-

K1 M Un oporomoAikt); EEnynote v amdvtno| cog.
copyright @ 2023 EKAOZEIZ M. -




Ewkova 7.4 AUo O£0eLC yLa TOUG YITOSOXELS

Membrane receptors: Large or polar
ligands (e.g., insulin) bind to cell
membrane receptors.

Intracellular receptors: For small or
nonpolar ligands that can diffuse
across the cell membrane (e.g.,
estrogen).

i
;

.
:

- X
Evoxurraploc

Types of cell membrane receptors in  unodoyéag
eukaryotes: 2
¢ lon channels

¢ Protein kinase receptors

SCipintein coup BT HE S ‘Eva un mohiké onjua pnopei va Siaxéetar| | Eva onpa 1o omoio givat moAiko
anevBeiag péow tng Aimdikn¢ SimooTti- fi/kat peyaho dev propei va
Badag TS KUTTapIKAC HEPBpavne yia Sraxéetal pEoW TNG KUTTAPIKIG
va ouvavtrogl tov unodoyéa Tou oTo HepPpavng. O unodoyéag Tou
KUTTapOmAaopa rj oTov muprva. | | eykheietat otn pepPpavn.
Ewova 7.4 Avo Ofoerc Y10 Tovg YToodoyeig EoWwTEPIKS TOU KUTTAPOU

Ot vrodoyeic pmopet va amavidviol HEGO 6TOo
KOTTOPO (OTO KLTTOPOTANGLO 1] GTOV TLPTVOL)
1 TNV KUTTOPIKN HepBpdvn. copyright @ 2023 EKAOZEIS MAMAZHSH



Ewdva 7.5 Evag lovtikog AlavAog EAsyxopevng Porg

" Aketuloyolivn deopeveral og d00

XIWWW : 1 and nic mévre unopovadec Tou ACHR,
ARETUNG Na+ npokaAwvrag alayr] oTo oxrjpa Tou
» lon channel receptors XoAivn S1atAou Kat Gvoypd Tov. |
) (ACh) @ ' oy 2w _
allow ions to enter or . @ @ / e © @
leave a cell. @ © @eg . ' ' 00 @
' \|

» Signals can be chemical
. g O diavlocg enevdustal

ligands such as ,, ‘ |
| ‘ F ané a TIKA QOPTIoUEVa

hormones, sensory QOO OO P A

apvo&éa nou emrtpénouvv

stimuli such as light, or ‘W“ \ oto Na* va £10pelosl 010
electric charge DRI l ]
differences. IIIIIIIN
» The acetylcholine

receptor on muscle cells YnoSoxéac akeTuhoyoAivng @ ®
is a gated ion channel. (AChR)

a H ovoowpevon Na*
oTa KUTTapa EKKIVEI
yEyovota rou odnyouv
| OE pUikn ouonaon.

)
=
\

Eowtepikod TOU KUTTAPOU

Ewova 7.5 "Evag Iovrikog Aiaviog Edleyyopeving Porlg O vmodoyéac e axeTvAoyorivng
(AChR) eivai évoc oviikdg  diowAog ereyyopevng omd Tov cLvaET PONg Yo 1OVTO vaTpiov.
Amoteleitor amd méEVTe TOALTERTIOKEC vmopovades. Otav uoplo  axetvioyoriving (ACh)
deGLEVOVTOL GE OVO OO TIG LTOUOVADES, 1 TOAN avoiyel, Kou Nat eiopéel 6to kKuTTAPO. AVTOG O

copyright @ 2023 EKAOSEIS NANAZHsH  Olawdog cupBaidlet ot pobuion g molwotrag e pepfpavng. -



Ewkdva 7.6 Evag Ytodoyxgag Mpwteivikng Kwaong

E€wrepikd 3 Otaunopovades | Mia ahhayn otn Siapdpewon twy B
TOU KUTTApoy | Tou unodoxéa ?\f’ unopovadwy petadidel éva orjpa oto
» Protein kinase receptors Ivooulivn :2::2;’ L bl KUTTapomAaopa 6Tt UNApxEt IvoouAivn. |
catalyze phosphorylation of /\ W) S— C— ) et
themselves and/or other , Q @ @ P 4

b,_,, a_/\.a :,b a To onjua ¢ (voouAivng
EVEPYOTOIEL TNV QUTOTEAN

o;m m wcoaomob( ' 50000 Sopur nzplox G mpw- |

M. " ‘ T “ Sopuc e

60)(2'0 OTO KUTTaPONAaopa....
i

proteins.

» The insulin receptor
phosphorylates itself and
other insulin response
substrates, which initiates

. . ’ y
insertion of glucoss ” N owopopiic— @ 'a ':' - |
transporters into the ce OUASEC : BB @ onoia puwogopuliver)

membrane. H_/

| UMTOOTPpWHATA anokpiong

Ynodoyéag otV wooulivr, nupodo-

lvaooulivng o @. - TWvTag évav Karappatn

) , : / XNUIKWY Qnokpicewy 010

Ewove 7.6 'Evag  Ymodoyéag eowrepmé TOU KUTTGEOU.

Mpoteivikng Kwvaong Yn(?orpwpa l * \ .
H opudévn woovrivn decuevetor oe ECWTEPIKG Qnmokpiong

évav  vmodoyéo otV  eEMTEPIKN O€ WVOOUAIV Kuttapikég anokploeig
EMPAVELL TOV KLTTAPOL Kol EEKIVAEL

po amOKpIo.

TOU KUTTapou
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Ewkova 7.7 ‘Evacg Yrnodoxeag Zuleuypévog pe Npwteivn G

(I') Evepyomoinon Tou MpwTEIVIKOU TEAEOTH
[ H evepyonoinuévn unopovada tng

(A) O1 Tpeig povadeg evog umodoxia (B) Evepyomoinon tng mpwrteivng G
ou{euypévou pe mpwteivn G .
g Aéopsuon g oppdvng oTov
T o ey T B unodoyéa evepyonotei Ty l l
Bt ‘ T npwteivn G. To GTP avrikaBiota 1o
TAua (ogM) . GDP.
J 4

feseRRRE AR A CERERRRR R RS

A

Ynodoyéag

ouleuypévog Avevepyn Avevepyog Evepyomoinuévn

HE TPWTEIVN G TMPWTEIVN G MPWTEIVIKOG npwrteivn G
TEAEOTHC

Eowtepikd Tou KuTTGpou

» G protein-coupled receptors: Signal binding to receptor
activates a G protein, which then activates an effector
protein.

» G proteins have three subunits. When activated, one subunit
moves through the cell membrane to an effector protein.

TeAEOTH 0 onoiog npokalel ahhayég oTnv

U npwrteivng G evepyonolel évav npwreivikd !"
, KUTTApIKK) AsiToupyia.

T
Evepyonoinuévn
TMPWTEIVN-TEAEOTIIC

¢ Npwreivng G 3
uSpolverai oe GDP. Kuttapikeg
. /| QNMOKPIOEIC

T To GTP otnv unopovada ' l

Ewova 7.7 ‘Evag  Ymodoyéag
Yvlevyuévog pe lpoteivn G

H TPOTEIVN G elvan &vag
dpecoAafnmg petald Tov VITOdOYEN
KOl TOV TEAEGTN TOV.

copyright @ 2023 EKAOZEIZ NMAMAZHZH
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Ewkdva 7.8 ‘Evag Evdokuttaplog Ytodoxeog

» Intracellular receptors respond to signals
such as light or chemicals that can cross the
cell membrane.

» Many are transcription factors. After
binding their ligands, they move to the
nucleus, bind to DNA, and alter gene
expression.

Ewova 7.8 "Evag Evookvrtdprog Yrodoysog

O vmodoyéag ™m¢  koptilloAng Ppioketor  o©tO
KUTTAPOTAQGLO, GE GUVOEST HE K10, LOPLAKT] GLVOSO M
omoia amehevBepmveTon dtov 1 KOPTILOAN decpeveTON
GTOV LITOJOYE.

EEwTEPIKG TOU KUTTAPOU  Trpa (kopTi{6An)
®
Kurrap\lxr\ pepBpavn m——— I
e 2  KopTi{OAn pmaivel oto
EowTtepikd Tou Kuttdpou KUTTaPOTAQOHA Kai
'Ade . JuﬁXEYHG Yro 60XéOC® 650;6150.‘_?1'01 oTov |
unoSoyéa-popiakric | KopTICOANG Lt e

| >

ouvodou Sev pmopei
VQ UITEL OTOV TTUPNVa.

E)..npoxarivrac alayn

oTo oXrjpa Tou unodo-

' xéa kat anmeheuBépwon)
' NG HOPIaKrg ouvodov...

Mopiaky 5
ouvodocg l

.. onoia emtpéns otov
unoSoy£a Kat oTov ouv-

_. 6&mn ¢ kopril6Ang va
£10é\Bouv oToV uprjva.

/'
Nuprivag Metaypaon

mRNA /%—/
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Key Concept 7.3 The Response to a Signal Spreads through the Cell

Focus Your Learning

» A signal transduction cascade transmits and amplifies a signal inside a cell.
» Second—messenger molecules can transmit and amplify signals within a cell.

» Signal transduction is regulated in a cell by various mechanisms.

copyright @ 2023 EKAOZEIZ NAMAZHIH 14



Ewkdva 7.9 Metaywyn Znpatog kot Kapkivog

» Signals sometimes initiate a chain or cascade
of events.

» Thus, the initial signal can be amplified and
distributed and result in several different
responses.

» One signal transduction pathway was worked
out using bladder cancer cells, which have an
abnormal form of G protein called Ras.

» The abnormal Ras is permanently bound to
GTP, causing continuous cell division.

» Ras inhibitors stop the cells from dividing.

Ewova 7.9 Metayoyn Ifqnoetos kor Kapkivog
(A) Hras eivon o mpoteivn G n omoia puBuitet
mv Kuttapikny owipeon. (B) Xe optopévoug
OYKOVG, N TPWOTEIVN ras lvorl povipo eEvepyn, Ue
amoTELEG L aVECEAEYKTN KLTTOPIKN Olaipeon.

copyright @ 2023 EKAOZEIZ NANAZHZH

(A) Aertoupyia tng ras o€ £va QUOIOAOYIKO KUTTapo

H evepyomnoinon tou umodoxéa odnysi |
o€ gvepyonoinon tng G mpwreivng, ras. |

GDP {GTP}

)
rasGDP _'P

Zovtoun Siéyepon
™N¢ KutTapikng diaipeong

(Pl ‘ .| Meta ané oivropo xpoviké diaotnua 7
OTNV EVEPYOTIOINUEVT KATAoTACN, N ras
| EMICTPEPEL OTNV AVEVEPYT] HOPQT) TNC.

(B) MaBoloyikn Aeitovpyia Tng ras o€ éva KapKivikoé KUTTapo

H evepyomnoinon tou unodoyéa odnyei o
EVEPYOTIOINGCN TNC ras, N OToia MAPAUEVEL EVEPYT. |

GDP'  ./GTP
NaBoloyikry ‘::}

ras

\

5 GDP

Tuvexng Siéyepon
TNG KUTTApPIKNG
Siaipeong



Ewdva 7.10 Evag Katappaktng Mpwteivikwv Kwvaowv

 EEWTEPIKG TOU KUTTAPOU
AugnTiko¢ mapayovrag

Evac au€nTikog napayo- t U\

vrac SeopeveTal oTov ]
\ unodoxéa Tov... o,

N

2 ¥

o~
LA AL

i

ANIAANS

s'.:;:'.mm:'.'.:m‘ "s.smmw ! w &

( O svepyonoinuévog unodo- - H gvepyomnoin-

) 3 Ld

|

|

i

&

Avevepyn kivaon D)

Evepyomnoinuévn l

...o omnoiog auto- KIvaon
PWOPOPUNILIVETAL. xéag Eexiva pia osipa yeyo- pévn ras Seopevsl Bl
VOTWV TTOU EMTPETIOUV 0N | Kat evepyorouei raf. P .
ras va Ssopeboel GTP kat va M APK MAPK A
| evepyomomoet | T— elelelsielelelslelel
» Many cancers have abnormalities in signal transduction gival pia MpWTEivIKA =
1 ; T Evioyuvon
pathways. KIv@on n onoia @wogo- /; : Py 4 B I
i i VAIVEL TOAAG popla MEK. | — : !
> B.y cor_nparmg defective and normal cells, complete \ P Hop // . NN Y S S
signaling pathways have been worked out. - . i @ -
> In a protein kinase cascade one protein kinase activates 6] H svepyomomyitun MEKcvo. MAPK
Hia mpwTEivIKn Kivaon n onoia
the next, and so on. 5 A -
) . o QWOPOPUAIWVEL TTOAG popia 7
» The signal is amplified at each step. | véonc MAP. // l \
> Information that arrived at the cell membrane is . 7 tz’.{/
communicated to the nucleus. Orav n kivaon MAP evepyorot- KuTtTapikéC anokpioeiC
» Multiple steps provide specificity. nBsi pe pwogopuliwon, unopsil | (oupmephapPavopévne
» Different target proteins provide variation in the response. ~ va £10€ABe oTov mupriva. ) ¢ Sigyepong g
Eowtepikd TOU KUTTAPOU w—— KUTTapIkrc Siaipeonc) Muprjvag

Ewovo 7.10 "Evog Katappaxtng Ipoteivik@dv Kiwvacov e &vav katappaktn TpOTEVIKOV KIvaoov, Uio Gepd TpoTeivdy
EVEPYOTOLEITON O10LOOY LK. copyright @ 2023 EKAOZEIZ MAMNAZHEH 16



Ewova 7.11 Ixnpotiopog KukAitkov AMP

» Some pathways include small
molecules called second
messengers that mediate some
steps.

» Cyclic AMP (cAMP) is produced
from ATP by the enzyme adenylyl
cyclase.

» Second messengers serve to
amplify and distribute the signal.

» Binding of one signal molecule to a
receptor can lead to production of
many of cCAMP.

» The cAMP molecules activate many
enzyme targets.

Ewova 7.11 Zynpotiopés Kvkiikov AMP

O oynuoatiopndg tov CAMP and ATP kataAideton
amd TNV aOEVOAKY KUKAGGON, éva €viuuo 1o omoio
evepyomoteitan amod mpwteiveg G.

r ]

E€wTepiko TOu KUTTAPOU

A

tekeececscnee

it

—

Y T A8evuAikA

,—‘/

KUKAGoON
cAMP )+ @0 PP,
NH NH,
Adevivn | CI
N7 C N N C \
| I cH | I cH
N
'0—7-0—7—0—7—0-7?*42/0 O—Cle/o\
=€ e H\CH HC H H CH
DwoYopIKEG OpAdEC w w
OH OH 0=§’ O OH
-0
ATP KukAik6 AMP (cAMP)
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£ tm\, eppivn

KotTapodiGAupa

ASEvUNIKY] KUKAGOT

Mpwreivn G Evepyorrompgvn
npwreivny G

ﬂpmmleli 2
kvGon A

Evepyotroinpevn

KIvearn Tng

PoopopuAdons

Evepyorrompéyn

PWOEOPLAGOT)
TOU YAUKOYOVOL

Muwkoyévo

1-Mwapopikn YAUKAZN

16.16 POOpion Ttov petafoiiopov tTov
YAVKOYOVOVL 070 TNV emve@pivy. H
EVEPYOTOINGT TOV LTOOOYEN ATO TNV
enveppivn deyeipel wa tpoteivn G N
OTO10 EVEPYOTOLEL TNV AOEVLALKN
KukAdon. To cAMP mov mapdyetan
EVEPYOTOLEL TNV TPOTEIVIKN Kivaon A, N
OTO10L POGPOPVMMDVEL KOl EVEPYOTOLEL
TNV KIvao™n TS eoc@opvidonc. H
KIVAon TS ¢OGEOPVAACNGS 6TN
GUVEYELD EVEPYOTOLEL TN POCPOPVALCN
TOL YAVKOYOVOVL, 1 01010, KATAADEL TN
O1doTaoT) TOL YALKOYOVODL o€ 1-

POCPOPIKT YALKOLN.



£ Oppdvn
Ny \
{!.' ™\
E£wkuTTo- _— Ywroboygag

PIKGS Xupos

KurTapomAaoparikn
pepppavn

Mpwteivn G Evepyotroinuévn
mpwTEivi) G

Abevuliki kukAdon

MpWTEVIKY
Kivaon A

®

b

KuttapodidAupa

EIKONA 16.17 Evepyomoinon g
YOVIOLOKNG EKQPUGTS 00 TO
KukAko AMP. H 61€yepon tov
VTOO0YEN TVPOJOTEL TN AELTOVPYi
uog tpoteivng G, n omoia
EVEPYOTOLEL TNV AOEVVAIKT] KUKAGON,
M 6OvBeon cAMP kot telkd v
EVEPYOTOINGT TNG TPWTEIVIKNG
Kwvdong A. H xatalvtikn emkpdteio
NG TPOTEIVIKNG KIvAonc A
anelevBepmveTon Kot petartomileTon
GTOV TTLPNVO OTTOV POGPOPVALDVEL
Tov uetaypapiko mtapayovio CREB
(CRE-Binding protein, Tpmteivn mov
npocoévetan 610 CRE), ue
ATOTEAEGLOL TN OTPATOAOYNON
GUVEVEPYOTOUTAOV KOl TNV
EVEPYOTOINCT TNG EKPPOCTS TOV
YOVIOI®V OV ENAYOVTOL OO TO
cAMP.



. The Response to a Signal Spreads through the Cell

» Second messengers are also involved in crosstalk.

Receptor 1 —— [ ___——¥» Signaling pathway 1

messenger
Receptor 2 sy > Signaling pathway 2

LIFE: THE SCIENCE OF BIOLOGY T1e, In-Text Art, Ch. 7, p. 140 (1)

© 2017 Sinauer Associates, Inc.

» Some second messengers are formed from membrane phospholipids. Hydrolysis of
PIP2 results in two second messengers: IP3 and DAG.
» |P3 and DAG activate protein kinase C (PKC). PKC is a family of protein kinases that

can phosphorylate many proteins, leading to a variety of cell responses.

Phospholipase C

PIP, > P, i DAG
In membrane Released to In membrane
cytoplasm

LIFE: THE SCIENCE OF BIOLOGY 17e, In-Text Art, Ch. 7, p. 140 (2)

© 2017 Sinauer Assaciates, Inc.
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Ewdva 7.13 Metaywyn Zripoato¢ Movoéeidiov tou Alwtou

E£TEpIKO TOU KUTTAPOU

Axetuhoxohivn N
(ACh)

Alpopopo
ayysio helo EvdoBniiaxd
pu KUTTOpo

» ) B} H aketuhoxedivy Seopedstatcs
= umodoxei Tevevdobnhimow

| KUTTApwVY TWV Qpo@opuy
ayyeiey- EvepyoToinon tou

o umodoxia mpokaheimapaywyn IPs.

Ynodoxea l
aksTuAoxoRiv H IP; avoiyer Siadidou Ca?*
{AChR) ? ™ pepbpavn TouEA, ame-
= AsuBzpavovta CaltotoKut-
. 1P .1:—\15 | Tapémhacpa.
Ecwrepko -
el el . / Bl To ca?t dyzipa
C‘.{_‘{j‘q&__ P-{s\\ | guvBaan Tou MO, To

.= gvfupo TTou TapdryE!
[ L . .
® aéplopovotsidioTou
afgrou (NO) amd apywin.

> — ZuvBaontou MO
Apyvivin ToHO duaxéetan

m T ota Asiapuikakitapa,
gmou dieyeipel tn olv-
) . l Beon cGMP.
louavulkn T -
Aeio puiiks 7 N
KUTTOpo 2

:‘:::'-'.'-"-'\-'-“.','::.-.'r-.. cGMP + @@ PP ) = -""-"'.::/

To cGMP TpodyeLTn
xu’\upuantm HUGV.

”7:

» Ca?*ions can also be second messengers. They
activate protein kinase C, control some ion channels,
and stimulate secretion by exocytosis.

» Active transport proteins in cell and ER membranes
pump Ca?* out of the cytoplasm, maintaining low

» concentrations.

» |IP3 and other signals open Ca?* channels and Ca?*
concentrations in the cytoplasm increase rapidly.

» Entry of a sperm into an egg cell also opens Ca?*
channels.

» Nitric oxide (NO) gas is a second messenger between
acetylcholine (a neurotransmitter) and the relaxation
of smooth muscle in blood vessels, allowing more
blood flow.

Ewovo 7.13 Metaymyq Efqpotog MovoEediov Tov A{@tov
To povoéeidro Tov aldtov (NO) givan éva aotabéc aéplo, TO 0M0i0 ®GTOCO
YPNOIUEVEL MG HECOAUPNTNG UETOED €VOG  GNUOTOG, TNG AKETLAOYOAIVIG
(ACh), ko tng emidpacnc T™G: T YOAGAPOOT TOV AEIOV HVGOV.
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Ewdva 7.14 PUOuion tng Metaywyng ZHOTog

» Protein kinases, G proteins, and cAMP are
regulated by enzymes that convert the
activated form back to inactive form.

» The balance between enzymes that activate
and enzymes that inactivate transducers
determines the cellular response to a signal.

Ewova 7.14 PoOpuion g Metaywyng Xpotog
Opwopéva  onuate. 0dnNyoLV OTNV  TAPAYOYN
EVEPYDV HETOYOYEWV Om®S  (A) TPOTEIVIKOV
Kwaowv, (B) mpoteivov G kot (I') CAMP. A\,
évlopa (mov gppavifovior e KOKKIVO YpOLLOL)
QMEVEPYOTOOVV 1]  OIOUOKPOVOLV GLTOVS TOLG
LETOYOYELC.

(A) H pwogatdaon anevepyomolei pia MPWTEIVIKN KIvaon

I'Ipwre'ivmﬁ Kivaon

: Evepyo
évlupo

Avevepyo
évlupo Npwrteivikn
pwogaraon

@)
(B) H GTPaon anevepyomnolei pia mpwteivn G

Aéopevon unodoyéa

Avevepyn 1 Evepyn
npwteivn G @GDP / / @ npwteivn G

(N H pwogodieotepaon anevepyonolei to cAMP

AdevUAIKN

KUKAGOn Owogodieotepaon
—»( cAMP) > AMP
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Key Concept 7.4 Cells Change in Response to Signals in Several Ways

Focus Your Learning

» A cell can respond to signals by opening or closing ion channels.

» A cell can respond to signals by altering gene transcription.

Cells respond to signals by
e Opening ion channels
e Changing enzyme activity

e Differential gene expression

copyright @ 2023 EKAOZEIZ NAMNAZHIH 23



Ewkova 7.15 Evag Katappaktng
Avtibpaocewv 06nyet oe AAAayn TG

EvIUMLKAG APOLOTLKOTNTOG

Ewova 7.15 Evog Kotappdktng Avriopdoemv
Oonyel o Adhoyn ™g Eviopikng Apaotikotntog
Toa nratkd xOtTopo  omokpivovtol G€ emvePpivn
gvepyomolmvtog mpwteiveg G, o1 omoiec pe ™ oepa
TOLG EVEPYOTMOWOLY 11  ovVOeoT TOov  0eVTEPOV
ayyeroapopov CAMP. To Kvkiikdé AMP Eekivd évav

KOTOPPAKTN TPOTEIVIKOV  KIVOCOV, EVIGYVOVTOG
ONUOVTIKO TO ONUO. TG emveppivng, Ommg

VTOOEIKVIETAL [LE TOVS LAOPOVS OPLOUOVS YPOUUUEVOLG
oe éviovn ypappotocelpd. O KatappdKIng Kol ovo-
OTEAAEL TN UETOTPOTY| TNG YAVKONG G€ YAvKoYOVOo Kot
dleyeiper v anehevbEépwon g wpo-omodnKevEVNg
yYAvKone.

copyright @ 2023 EKAOZEIZ MAMAZHSIH

E€wTepixd TOL KUTTGPOU

1 @ Emvegpivn Evepyonowabin
YnoSoxéac ~ umopovada
- emvegpivg npwreivng G

L %¥ IS e s

.' r AL J .0 AAAAAARII XA | &Ouiwn EantQp‘VﬂC OHCVEDYOnO‘Ei
) | Tn ouvBaon tou yAukoydvou, anotpé-

| novrag v anoBrikevon e yAukodng
adevulikr] KukAaon | weyAukoyévo,

20 (cAMP ) ;
Evepyr} ouvBaon
Avevepyn pwTEivikn Kivaon A yAuxkoyévou
20 Evepyn npwreivikn Kivaon A
g Avevepyr) ouvBaon
yAukoyévou
AVEVEQYN KIVAOT) TNC QWOOPUAAONS \
B3 O karappaxng Twv NpWIEVIKGV
| Kivacwv evioxU€t 1o orjpa. Edw, yia
xGBe popi1o envepivng nov Seopev-
100 Evepyn xivaon ¢ pwoopuldong | £tal, napayovrai 20 podpia CAMP,
xaBéva and ta onoia evepyonoisi éva
AVEVEPYT QWOPOPUAGTT TOU YAUKOYOVOU HOPIO MPWTEVIKAC KIVAGTC A.
1.000 Evepyr @WOPOPUAGOT TOU YAUKOYGVOU
Mukoyovo
10.000 1-pwogopikr yAukoln H pwopopuliwon evepyo-
‘ TOIEL TN PWOPOPUAGCT) Tou
yAukoyovou, aneAevBep-
@ __— vovrtag anoBnkevpéva popia
EowTepikd Tou KuTTaGpou yAuk6Ing ané yAukoyovo.

.0.0."'0".‘.0..."....Q.Q.Q.QQ"‘G.'.Q.'....R‘

AR H“rﬂ'l'lj bt

sgy \4 H aneAeuvBépwon ¢ yAuko-
IOC N Inc napéxe myv evépyaia yia
anokPIoT «QUYNC-f-TaAnCs.
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£ tm\, eppivn

KotTapodiGAupa

ASEvUNIKY] KUKAGOT

Mpwreivn G Evepyorrompgvn
npwreivny G

ﬂpmmleli 2
kvGon A

Evepyotroinpevn

KIvearn Tng

PoopopuAdons

Evepyorrompéyn

PWOEOPLAGOT)
TOU YAUKOYOVOL

Muwkoyévo

1-Mwapopikn YAUKAZN

16.16 POOpion Ttov petafoiiopov tTov
YAVKOYOVOVL 070 TNV emve@pivy. H
EVEPYOTOINGT TOV LTOOOYEN ATO TNV
enveppivn deyeipel wa tpoteivn G N
OTO10 EVEPYOTOLEL TNV AOEVLALKN
KukAdon. To cAMP mov mapdyetan
EVEPYOTOLEL TNV TPOTEIVIKN Kivaon A, N
OTO10L POGPOPVMMDVEL KOl EVEPYOTOLEL
TNV KIvao™n TS eoc@opvidonc. H
KIVAon TS ¢OGEOPVAACNGS 6TN
GUVEYELD EVEPYOTOLEL TN POCPOPVALCN
TOL YAVKOYOVOVL, 1 01010, KATAADEL TN
O1doTaoT) TOL YALKOYOVODL o€ 1-

POCPOPIKT YALKOLN.



£ Oppdvn
Ny \
{!.' ™\
E£wkuTTo- _— Ywroboygag

PIKGS Xupos

KurTapomAaoparikn
pepppavn

Mpwteivn G Evepyotroinuévn
mpwTEivi) G

Abevuliki kukAdon

MpWTEVIKY
Kivaon A

®

b

KuttapodidAupa

EIKONA 16.17 Evepyomoinon g
YOVIOLOKNG EKQPUGTS 00 TO
KukAko AMP. H 61€yepon tov
VTOO0YEN TVPOJOTEL TN AELTOVPYi
uog tpoteivng G, n omoia
EVEPYOTOLEL TNV AOEVVAIKT] KUKAGON,
M 6OvBeon cAMP kot telkd v
EVEPYOTOINGT TNG TPWTEIVIKNG
Kwvdong A. H xatalvtikn emkpdteio
NG TPOTEIVIKNG KIvAonc A
anelevBepmveTon Kot petartomileTon
GTOV TTLPNVO OTTOV POGPOPVALDVEL
Tov uetaypapiko mtapayovio CREB
(CRE-Binding protein, Tpmteivn mov
npocoévetan 610 CRE), ue
ATOTEAEGLOL TN OTPATOAOYNON
GUVEVEPYOTOUTAOV KOl TNV
EVEPYOTOINCT TNG EKPPOCTS TOV
YOVIOI®V OV ENAYOVTOL OO TO
cAMP.



Key Concept 7.5 Adjacent Cells in a Multicellular Organism Can Communicate Directly

Focus Your Learning

» Animal cells can communicate directly with other cells via gap junctions.

» Development of intercellular communication was a key step in the evolution of
multicellularity.

Cells within a tissue communicate directly via specialized intercellular junctions

¢ Gap junctions in animals

e Plasmodesmata in plants

Gap junctions: Channels between adjacent cells created by channel structures called

connexons. Two connexons link, forming a channel

e Cytoplasm can flow through

e Too small for proteins

e Wide enough for ions and small molecules (e.g., nutrients, hormones, waste

products, second messengers)
copyright @ 2023 EKAOZEIZ NAMAZH2H 27



Key Concept 7.5 Adjacent Cells in a Multicellular Organism Can Communicate Directly

Focus Your Learning

» Animal cells can communicate directly with other cells via gap junctions.

» Development of intercellular communication was a key step in the evolution of
multicellularity.

Cells within a tissue communicate directly via specialized intercellular junctions

e Gap junctions in animals

¢ Plasmodesmata in plants

Plant cells have plasmodesmata (tunnels) that traverse the cell walls, lined by the

fused cell membranes. The desmotubule, derived from the ER, fills the space in the

plasmodesmata channels.

Plasmodesmata are important for circulation of materials—similar in function to

capillaries in animals. Plants rely on rapid diffusion of hormones through

plasmodesmata to ensure that all cells respond to a signal at the same time.
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Ewova 7.16 L0vdeopol Emikovwviag

(A) Xaopoouvdeopot o {wikda KUTTApPQA (B) M\acpodéteg og QuTIKA KUTTApPQ

Kuttapo 1 Kuttapo 2 Kottapo 1 Kuttapo 2
2 N

Kutrapika
Tolwuarta

Kuttapikég

Kuttapikn
HepPpaveC

Aeio evdo-
NMAQOUATIKO
Siktuo

Kovve&ovi

Xwpog perall
KUTTApwv
(«x@opa» ~ 2nm)

AgopoowAnvio

MpwTteiveg

‘Ta kovve€ovia U0 KUTTApWV ouyKAivouv!
petagu Toug yia va oxnuatioouv évav
0T1evo (~1,5nm) Siaulo péow Tou omnoiou
urmopouv va Siépyovral 1OvVTa Kai HiKpa

HOpla onuaToc.

( ‘Evac mhacpodétnc sivar évac Siauloc,
mou enevdietal anod pepPpavn, péow
TOU omoiou pnmopouv va Siépxovtai

~ HOpla.

Ewova 7.16 Xovoeopor Emikowvoviag (A) ‘Eva (owd Kittopo pmopel va Tepi€yel EKOToVTAOES YOUGULOGVVOEGLOVS TOV TO GUVOEOVV
pe yerovikd wotropa. Ot mOPOlL TOV YOCUOCLVOECUMV ETITPEMOVY TN OEAELON WKPOV pHopiov amd KOTTOPO G KVTTOPO,
e€aoarilovtag mapOUOIEG GVYKEVIPDGELS CNUOVTIKOV OCNUATOSOTIKOV HOopiov oTo mopakeipeva KOTTOpa, £T61 OCTE OVTE Vo
umopovv va, cuvtovilouv Tig dpacTNPLOTNTEG TOVG.

(B) IThaopodéteg cuvdcéovv eutika Kottopa. O 0ecHOCOANVIOKOG, 0 00i0g TPoépyeTat amd 10 Aeio evoomAAGUATIKO OiKTVLO, YeEUILEL
TO UEYOAVTEPO HEPOG TOL YDPOL GTO ECMTEPIKO EVOC TAAGHOOETY], OPNVOVTOS EVOL TTOAD HKPO KEVO, LEC® TOVL OO0V UTOPOVV VO

d1EpyovTon pkpoti petafoiriteg kot Wvra. copyright @ 2023 EKAOSEIS MAMAZHSH 29
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