Cell Communication

Chapter 11



Rising blood
Glucose level
(for instance, after
eating a
carb-rich meal)

Insulin

Beta B cells of
pancreas

release insulin
into the blood.

as glycogen.

U

Blood glucose level
/ >{(@about 90 mg/100 mL

Blood glucose level
rises to set point;
stimulus for glucagon
release diminishes.

Liver breaks
down glycoge
and releases

glucose into th?
blood.
Glucagon

Liver takes
up glucose
and stores it

Body cells
take up more
glucose.

g,

Blood glucose level
declines to set point;
stimulus for insulin
release diminishes.

Homeostasis: <

)

STIMULUS:
Dropping blood
glucose level
(for instance, after
skipping a meal)

Alpha o cells of pancrea
release glucagon into

the blood.

>

Blood leaving the intestine
goes through the liver
before reaching the heart
and the rest of the body,
so large amounts of sugar
are pulled in quickily.

Muscle cells also store
the glucose as glycogen.

Adipose cells convert it
into fat.

The only cells that do not
respond are neurons.
Cells in the brain take up
glucose when they need
it, they do not wait for a
signal.

Islets of | R
Langerhans in
the pancreas
has a & B
cells




Diabetes mellitus




Thyroid

gland - Stimulates  Reduces Reduces
releases

Ca?*deposi- Ca?*uptake Ca?* uptake
calcitonin tion in bones in intestines in kidneys
STIMULUS: f""gh

Rising blood

Ca?* level
STiMULUS:
Falling blood

. Parathyroid
Increases Increases Stimulates glands
Ca?*uptake Ca?*uptake Ca?*release OsSteoclasts release parathyroid
in kidneys in intestines from bones hormone (PTH)
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21999 Addison Wesley Longman, Inc




Physical exam results
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o factar

1. Cell signaling v BT 2™
evolved early in the '

history of life

S Receptor for
Mating type a Mating ty::: -

» One topic of cell T BT
“COnversation” iS sex. mating factor, which bindstnih&nthnrmll.

» The yeast
Saccharomyces
cerevisiae, the yeast of ~
bread, wine, and beer, o TR
identifies its mates by e
chemical signaling. v

» What is the point of sex If
both partners have the
same genes?

New afe cell. This cell combines in its nucleus all the genes
from the a and « cells.



Cell signaling has remained important in
the microbial world.

Myxobacteria, soil-dwelling bacteria, use
chemical sighals to communicate nutrient
availability.

When food is scarce, cells secrete a signal to
other cells leading them to aggregate and form




(Why would they want to do
that?)

» This property might be essential for an
organism that obtains its nutrients by
scavenging extracellular macromolecules
with the help of secreted hydrolases. A
high cell density will result in increased
concentrations of extracellular hydrolases.

» Protection: The spore enables cells in the
middle to lay dormant until new food

sources are available.




2. Comrnunicating cells rnay be
close together or far apart
Multicellular organisms also release signaling

molecules that target other cells.

Example of Close-signaling:

Paracrine signaling

“local regulators”
Ex = growth factors
Secretory

One cell can impact many vesicle

neighbors ¥ & /_\\

“Exocrine Glands” secrete U

Local regulator
diffuses through

Substances to exclusive targets extracellular fiuid

Target cell




» Another example of close signaling: In
synaptic signaling, a nerve cell produces a
neurotransmitter that diffuses to a single
cell that is almost touching the sender.

Merve
cell
Electrical signal
prompts release of
: Nerve
neurotransmitter signalﬂ,l
Neurotransmitter
> diffuses across
Synapse { N synapse

Detection of

neurotransmitter
begins a new
electrical signal

Merve cell




» Cells may communicate by direct contact.

Immune
connection:
Macrophage will
use direct

contactto alert T
cells that
invaders are
present

Plasma membranes

1000030t

Plasmodesmata
between plant cells

Gap junctions
between animal cells

(a) Cell junctions

? J

(b) Cell-cell recognition



Far-away signaling: Plants and animals use
hormones to signal at greater distances.

ANIMALS: “endocrine” cells (or glands) release
hormones into the circulatory system (carries
them far away)

Blood

PLANTS: hormones may vessel
travel in vessels, but more

often travel from cell to

cell or by diffusion in air.

Target
cell

Endocrine cell

Hormone
travels in
bloodstream



There are 3 stages to cellular

signaling

Reception - chemical signal binds to a
cellular protein, changing its shape

Transduction

- binding leads to a change In

the receptor that triggers a series of changes
along a signal-transduction pathway.

Response,
transduced
signal triggers
a specific
cellular
activity.

EXTRACELLULAR CYTOPLASM
FLUID

| © Reception | ‘9 Transduction ‘ | ©Response

Receptor

Activation
—)'Q—)- —)-O—)-— of cellular
responses

Signal-transduction pathway

S igna
mao'e ——— Plasma membrane



Intracellular Receptors

» Lipid soluble signals can pass through the
membrane, so their receptors are not on

the cel

membrane.

» Steroids and Nitric Oxide (NO) are

examp

es.

« NO triggers blood vessel dilation, and it can
be a neurotransmitter



@ The steroid
hormone testosterone
passes through the
plasma membrane.

Plasma
membrane @ Testosterone binds
to a receptor protein
in the cytoplasm,
Hormone- activating it.
receptor
complex

Receptor
protein

€ The hormone-
receptor complex
enters the nucleus
and binds to specific
genes.

@ The bound protein
stimulates the
transcription of

the gene into mRNA.

New protein

©® The mRNA s
translated into a
specific protein.
CYTOPLASM
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Types of signal receptor proieins

Most are embedded in plasma membrane

Detect signals from extracellular
environment

Three major types of receptors are
G-protein-linked receptors,
Tyrosine-kinase receptors, anc
Ligand gated ion-channel receptors.

Video



ch 11 pics/Animation 11.2 Reception.MOV

G Protein Linked Receptors

» Binding to a signal
allows them to
activate specific G
proteins

» Used in detecting:
- Yeast mating signals
- Neurotransmitters
- Epinepherine

» Sensory signals
(vision, smell)

« Much more

-

Signal-binding site
¢=NH,*
EXTRACELLULAR a \
FLUID \ Q)N ) &

PR VBB

SEGEGES
...0.............}% E = E %E[ ﬂ...........
Plasma ===
membrane :ﬁ :‘g = :‘% ﬁg‘l"‘

e | |, Vo
...........OOOOOI?J s ?‘1 ﬁ jl?:l :—3..0..0.0...
CYTOSOL 7 (L &Y coo-

=/
Segment that
interacts with
G proteins



G protein







» The G protein acts as an on-off switch.
- If GDP is bound, the G protein is inactive.

- If GTP Is bound, the G protein is active.
+ G protein receptors put G proteins in the active state

Signal molecule

Activatad
ahzyme

“PE8 )
Activated G protain ﬂi

GDP displaced
by GTP

Activated
receptor

Cellular responze

{b) G-protein system in action



All signals need an off switch.

- The G protein acts as a GTPase enzyme and
hydrolyzes the GTP, which activated it, to GDP.

» This change turns the G protein off.

- The whole system can be shut down quickly
when the extracellular signal molecule is no

Q
A\

cJ :___‘_D

(c) Return to inactive form



Downstream targets of activated G
proteins

» lon channels on organelle membranes —
could be told to open or close

» Enzymes that make second messengers

« Ex. The enzyme adenylyl cyclase is “told” to
make cAMP by an activated G protein

» EXx. Phospholipase C is “told” to make DAG &
IP3 by another activated G protein

» These second messengers (CAMP, DAG, IP3)
each do different things



Tyrosine Kinase Receptors

Signal-molecule

» Several parts:
binding site

- an e_xtrac_ellular signal-  «Helixin the Plaera
blndlng SlteS, membrane

- asingle alpha helix #
spanning the @ @
yr
membrane’ and i Inactive relay proteins
- an intracellular v

tall Wlth Several Tyrosine-kinase receptor
tyrosi nes proteins (inactive monomers)

(a) Inactive tyrosine-kinase receptor system



Receptor tyrosine
kinase proteins
CYTOPLASM (inactive monomers)

response 1

Cellular
response 2

Activated tyrosine-  Fully activated receptor '

kinase regions tyrosine-kinase
(unphosphorylated  (phosphorylated e &
dimer) dimer) relay proteins

(3
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How do these work?

Ligands bind to 2 Signal molecules
receptors

Receptors join to form

Activated relay
proteins

a dimer — activates the
tyrosine kinase section
of both -\ -, Celluar
: ' > response
Each dimer acts as an / S’ :
enzyme — ﬂ?ﬁ% aop P . +Cellular
“AN response
phosphorylates the
other’s tyrosines Activated tyrosine-kinase
receptor (phosphorylated
Phosphorylated dimer)
02 oD el gy (b) Activated system

activate a wide variety
of responses




Why are Tyrosine Kinase Receptors a
good choice to detect growth factors
(stimulate cells to grow & divide)?

Cell division requires a cell to build new

proteins, organelles, duplicate its DNA,
and undergo major cytoskeletal changes

A single G protein linked receptor will not be
able to do all this



2 . J o g o 20 0
Signal a o lons

Ligand-gated ion S c

o (ligand) \ e ﬁ-::;sr.“h"?nne
channels @

2

protein pores that open or close prowin cYTosoL
In response to a chemical signal. Ugand inds,
. . .y channel opans, an
Binding changes protein’s lrmnsﬂnwthmugh
shape to allow or blocks ion 020%
flow, such as Na* or Ca?*. >
lon flow changes the @
concentration inside the cell. ¥ B
_ _ _ Q J > Changetln 1;“"
When the ligand dissociates, 0 0 0 o enar
- o 9,5 responses
the channel reverts to original
form | sz
Very important in nerve &
muscle cells

T



How does Transduction work?

Usually a multistep pathway.

Many steps can allow signal amplification
A small number of sighal molecules can produce
a large cellular response.
Also, multistep pathways provide more
opportunities for coordination and regulation
than do simpler systems.




Transduction pathways frecquently use
PROTEIN PHOSPHORYLATION

Protein Kinases — phosphorylate other proteins
using ATP (activation)

http://www.celanphy.science.ru.nl/Bruce%20web/
Flash%20Movies.htm

Most protein kinases act on other substrate proteins,
unlike the tyrosine kinases that act on themselves.

Most phosphorylation occurs at either serine or threonine
amino acids of the substrate protein — Why?

Phsophorylation leads to change in shape — Why?

Phosphytases — Will dephosphorylate proteins
when it is time for “deactivation” of the proteins



http://www.celanphy.science.ru.nl/Bruce web/Flash Movies.htm

Signal molecule Hel'e S|gna|
transduction involves
Receptor Activated relay many protein kinases

molecule (each phosphorylates
o) the next)

1 Active
protein
kinase

Inactive
protein kinase
2 -
l‘: T it

@

| :
Inactive ,
protein kinase %
3 -
P

®;

e -

.
protein ﬁﬁ 5
‘ ADP ©
‘u_‘_‘ A
F"-H""-\.

~ ctive 3 Cellular
®,

o ___. \protein response



Second Messengers

Many signaling pathways involve small, nonprotein,
water-soluble molecules or ions, called second
messengers.

These molecules rapidly diffuse throughout the
cell.

Used by both G protein linked receptors and
Tyrosine kinase receptors.

Two of the most important are cyclic AMP and
Caz.

Animation on second messengers & transduction



ch 11 pics/Animation 11.3 Signal-Transd.MOV

Cyclic AMP (cAMP)

» 1St messenger binds to G First messenge

protein | Jredisecodtl
~ G protein linked receptor L G ki

. . tei

activates a G protein i
» Activated G protein activates aqm
» Adenylyl cyclase makes cAMP J‘#{

(second messenger) Second

messenger

» CAMP diffuses through cell and
activates Protein Kinase A

» Protein kinase A
phosphorylates other proteins *



Adenylyl cyclase is the enzyme that converts ATP to cCAMP

NH, NH, NH,
7 N 7 N 7 N
LY LY TS
N N K N K N
N N : N
(||) c||) (||) Adenylyl cyclase Phosphodiesterase I
"0—P—0—P—0-P—0—CH, ! > HO—P—OF=CH,
o (o (om (0] w / 20 ( (o (o)
O 0
Pyrophosphate 7N H,O
o O
OH OH OH OH OH
ATP Cyclic AMP AMP

Phosphodiesterase is the enzyme that breaks the bond between C#3 of the
Ribose and the Phosphate on cAMP converting it to AMP.



Some G proteins Inhibit Adenylyl
Cvclase

Neuro- Norepinephrine

transmitter ' Dopa;mmc
Receptor
G-protein
Effector Adenylyl cyclase Adenylyl cyclase
protein o l '° l
Second cAMP cAMP
messengers > l e l
Later Protein kinase A Protein kinase A
effectors

o) o]
Target Increase protein Decrease protein

action phosphorylation phosphorylation



Certain microbes cause disease by
disrupting the G-prqtein signaling pathways.

Vibrio “ y ‘
% ™

» Bordetella

cholerae _
Toxin locks G protein pertussis
In an active form » Also leads to high
G protein activates cAMP concentration
adenylyl cyclase - high . Affected G protein
cCAMP levels result normally inhibits
cAMP levels trigger adenylyl cyclase

Intestinal cells to
secrete many salts

Water follows
(osmosis) and
diarrhea results

o Toxin locks this G
protein in inactive form,
so adenylyl cyclase is
not shut off
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Ca?* as a Second Messenger

EXTRACELLULAR » Cells keep cytosolic
Plasma
*Sil:::p " membrane Ca?* low by default

Mitochondrion

N

Nucleus

Why no

CYTOSOL @ / AT P

_— needed

pump

— Endoplasmic here?’?’?

reticulum (ER)
ADp  PUMP



Ca?* as a Second Messenger

Signal pathways often work by increasing
[Ca?*] in cytosol
In animal cells, increases in Cas* may cause

contraction of muscle cells, secretion of some
substances, and cell division.

In plant cells, increases in Ca?* trigger
responses for coping with environmental
stress, including drought.

Cells use Ca?* as a second messenger in
both G-protein pathways and tyrosine-
Kinase pathways.




EXTRACELLULAR Signal molecule
FLUID (first messenger)

/ G protein

G- proteln -linked
receptor Phospholipase C

(DAG) diacylglycerol
(IP3) inositol triphosphate

/ »ré@-» oAG

PIP,

1P, (second
messenger)

IP;-gated

caIC|um channel §
O §

Endoplasmic oCa2+
reticulum (ER)

CYTOSOL

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



EXTRACELLULAR Signal molecule
FLUID (first messenger)

/ G protein

G-protein-linked
receptor Phospholipase C

/ ’%5’ AG

PIP,

1P, (second
messenger)

IP;-gated
calcium channel §

Q
Endoplasmic OCa2+ —é‘-—» 0 09
reticulum (ER) |

Ca?t
(second
CYTOSOL messenger)

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



EXTRACELLULAR Signal molecule
FLUID (first messenger)

G protein

ﬁ%—/

G- proteln Imked
receptor Phospholipase C

S %@—» oAG

PIP,

1P, (second
messenger)

IP;-gated

caIC|um channel §
Q Various 7 Cellular
Endoplasmic _©Ca2* —(—‘-—* o o @ —>proteins > €

reticulum (ER) e o o activated S\ Sponses
Ca?*

(second
CYTOSOL messenger)

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



c:lelum channel

©1998 Addison Wesley Longman, Inc.
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» Ca?* can activate pathways directly or bind
to calmodulin

. O _Ca2t

HZN ‘:.' :

HaN
H2N COOH
2 nm : >

HOOC =y = » NH2

COOH
COOH

4 (B)
Ca2+

(A)

» Activated calmodulin can bind to other
proteins — usually causes activation of
kinases and phosphatases

> Calmodulin Animation



http://www.celanphy.science.ru.nl/Bruce web/gallery.htm

(b) Numaer oF I THSSSe Binding of growth

ACTIVATED

Binding of epinephrine to G-protein-linked receptor

RECEPTION 1 molecule
TRANSDUCTION
Inactive G
Active G protein 10? molecules

Inactive adenylyl cyclase

Active adenylyl cyclase 10 molecules
ATP
Cyclic AMP 10* molecules
Inactive protein kinase A
Active protein kinase A 10* molecules
Inactive phosphorylase kinase kﬂ
Active phosphorylase kinase

Inactive glycogen phowhormc\v
Active glycogen phmhofvlm

l,'. N

¥
'. o
-}

Givcooon
Glucose-1-phosphate

©1999 Adddaon Wesley Longman. ke



Signal Amplification

> Resulis in trernendous increase in potency of initial signal
> Permiis precise conirol of cell behavior

Adenylyl
cyclase

Receptor C-proteins

o

\

/1

SO
oC

©
© © ©
00—

D o° p o®©
) o

°® |°P

Cyclic Protein
ANIP

Phosphates
transferred to

e Ses k
kinase target proteins

No
amplification

Amplification

Amplification

No
amplification

Amplification

QO 2801 Singuer Associates, Inc.



Why don't all cells respond the
same way to a single signal?

» Example: Epinephrine (adrenalin)

» Signals liver & skeletal muscle to liberate
glucose from glycogen

» Signals cardiac muscle to contract rapidly
These differences result from a basic
observation:

Different kinds of cells have different
collections of proteins.



» The response of a particular cell to a signal
depends on its particular collection of
receptor proteins, relay proteins, and
proteins needed to carry out the response.

Signal ) S < % Q

mnleuuk:; ; ;
= -0

Receptor * .l *

L -

\

¥

- g% 32
moeules @~ i o
¢ | }

Hespunse 1 Haspanse 2 Response 3 Response 4 Response 5

Cell A. Pathway leads Cell B. Pathway branches, Cell C. Cross-talk occurs  Cell D. Receptor is different
to a single response leading to two responses between two pathways from the ones in cells A-C



Cellular Response

Cellular responses can be

Change In the cytoplasm:

Change in cell metabolism, cytoskeletal arrangement,
etc.

For example, epinephrine helps regulate cellular
energy metabolism by activating enzymes that
catalyze the breakdown of glycogen.

Change In transcription (gene expression)

Animation comparing different types of cellular
response



ch 11 pics/Animation 11.4 Cellular Resp.MOV

Rather than relying on diffusion of large relay
molecules like proteins, many signal
pathways are linked together physically by
scaffolding proteins.

Scaffolding proteins may themselves be relay
proteins to which several other relay proteins
attach. _—

igna

This hardwiring melecule
enhances the speed

and accuracy of

signal transfer

between cells. Scaffolding

protein

Plasma
membrane

Receptor

Protein kinases



Epinephrine Tutorial

 AIISHSHRE At otitelNi@MNE
Lligwirg.gonrl. [ESrows alers eleeell einl Ell
I ESSIERSHMVEIVECNRNEIECSINGRIUCOSE
WHERRERINERRINENSHECEIVECUNIYAIVEIRCEIS

 ANECOmMMERGRINOUNIEVAIENN clicliEd
VETSIONNINSE, dNE tHERN GO thE SIEPIIYSIER
AILEIFSECTNUNEIENUIENIOEESS
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Blood Glucose Homeostasis

:» = Body cells

Insulin
Islets of e take up more
Langerhans / giuocee
Beta cells of Liver takes
pancreas stimulated up glucose
to release insulin and stores it as
into the blood glycogen

STIMULUS: —j

Rising blood glucose
level (e.g., after eating
a carbohydrate-rich
meal)

Homeostasis:

Blood glucose level
rises to set point;
stimulus for glucagon
release diminishes

Liver breaks

down glycogen

and releases
glucose to the blood

21888 Addison Wesley Longman, Inc

Blood glucose level

Adipose cells store Fat
Brain cells do not respond

Blood glucose level
declines to a set point;
stimulus for insulin
release diminishes

STIMULUS:

- Removal of excess
glucose from blood

* Low blood glucose
level (e.g., after

‘ skipping a meal)
Low

Alpha cells

of pancreas stimulated
to release glucagon
into the blood

prd Islets of

SHIICAgON Langerhans
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