Chapter 13 - Biosignalling
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Some Signals to Which Cells Respond

Antigens

Cell surface glycoproteins/oligosaccharides
Developmental signals
Extracellular matrix components
Growth factors

Hormones

Light

Mechanical touch
Neurotransmitters

Qdorants

Pheromones

Tastants

Cellsreceive congant input fr om their environme nt

General feature of signal transmission

Signal binds to receptar

. Activated receptar interacts w ith specific enzyme
. Activity of enzyme altered

Change in metabdic activity
Signal event terminated
Cell returnsto pre-simulus event

Hallmarks of signal transduction mechanisms

(a) Specificity

Signal molecule fits
binding site on its
complementary receptor;
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other signals do not fit. Receptor
Fig13.1 Effect

(b) Amplification

When enzymes activate Signal
enzymes, the number of l
affected molecules

increases geometrically

in an enzyme cascade.

Fig13.1
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(c) Desensitization/Adaptation
Receptor activation triggers

a feedback circuit that shuts

off the receptor or removes

it from the cell surface.

Fig13.1 Response

(d) Integration

‘When two signals have Signal 1 Signal 2
opposite effects on a
metabolic characteristic
such as the concentration
of a second messenger X, Receptor Receptor
or the membrane potential
V. the regulatory outcome
results from the integrated

input from both receptors. TXlorTv,, {Xorlv,

Net A[X] or V,,

|

Fig13.1 Response




Basic 4 signal transmission mechanisms

. lon chanrels
- Receptor enzymes
. G protein-linked receptas

. Steroid hormones

Phogpharylation used by al cellsto regulate cellular

proceses

Gated ion channels
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Tha electrogenic Na*K*
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membrane potential
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Ligand-gated ion channel - Acetylcholine receptor

Acotyleholine
binding sites Na*,Cal+
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(gate clused) (gate open) (gate closed)

Fig 134 b

Binding o acetylcholine allows Na" and Ca*influx to
depdarize m embrane

Tons tend to move down
thei]@ electrochemical
e Fig 13.3 .
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Ca?* has both passive & -
active roles ol VIR 4
Fig135 L 10

lon chanrels have other ligands beside acetylchdine
- Serotonin

. Glutamate

. Glycine (Cl- channel)

. GABA

Anion channels arelined with basc aa side
chains cation channels with acidic side chains
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Receptor enzymes

. Ligand-binding domain on extracellular surface
. Catalytic site on cytosolic sde
. Domains conrected by transmem brane segment

. Receptor enzymes often protein kinases, guanylyl

or adenylyl cyclases (NTP - cNM P)
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Insulin bound ta
receptor sites

Example: the
insulin receptor

Extracellular
space

ATP k
* Tyrosine £
. g T F kinasge (| Tyr,
A tyrosine-specific X domagng N tophos.
. . phorylation
protem kinase Carbosy terminal  site
domains
Target
protein ADP
e, Intracellular
Cytosol insulin effects 13

)
Insulin receptor binds
insulin and undergoes

Regul atl on Of "“""“ autophosphorylation on its

carboxyl-terminal Tyr residues.

gene expression @P 1: —
by insulin 2

® i T35 el

@
SHZ domain of Grb2 binds
Tyr of IRS-1. Sos binds|

@, to (-
@ o Geb,thon to Roe
[©] O o causing GDP release and

Cytosol GTP binding to Ras,
@
Activated Ras binds and
activates Raf-1

Nucleus

Raf-1 phosphorylates
MEK on two Ser residues,

@] [EEJJ .[,P) activating it.
® phosphorylates MAPK
activating it
MAPK moves into
e o

phosphorylates
Lo I50 nuclear transcription

factors such as EIK1,
New proteins activating them.

Phosphorylated Elk1
Joins SRF to stimulate

il Fig 13.7

Activation of glycogen syntnase by Thsuln

ms 1 phespharyleted
by the insulin receptor
activates PI-3K by blmhng
to its SH2 domain. PI-3K
converts PIP, to PIP,,

@
GSKS, inactivated by
phosphorylation, cannot

convert glycogen synthase PIP,
(GS) to its inactive form PIP,
by phosphorylation, so 3

PKB bound to PIP;

is phosphorylated by
PDKI (not shown).
Thus activated, PKB
phosphorylates GSK3
ona Ser residue,
inactivating it.

GluT4

Glyeogen
 Glucose
@ .%—e/
Synthesis of
glycogen L R——

from glucose of glucose transporter GluTd
is accelerated 3 from internal membrane vesicles
Fig13.8 0 the plasma membrane,

increasing the uptake of glucose.

Phosgoharylation & conversion of
phosphatidylincsitol 4,5 bisphosphate 15

Receptor enzymes Guanylyl cylcase
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GTP Guanosine 3',5"cyclic monophosphate

{eGMP)

cGMP isa secord mesenger

Guanylyl cyclasein signal transduction

Guanylin

and
ANF  endotoxin
receptor  receptors

Extr‘accllulur N"n HyN—es

ligand-
binding )
(receptor)

domains
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) guanylyl eyclases guanylyl cyclase
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cGMP binding cau ses corformatioral changein PK G
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G protein-coupled receptors
3 essertial compaonents
. Plasmam embrane r eceptor
7 transmemb rane segments
. GTP-binding protein
dissod @ es from receptorto enzyme
. Enzymein dasma membrane
Genaates cGM P, cAMP, phosphatidylinositol, Ca+
18




Prototype = 3-Adrenergic Receptor

Fig1311 - s . =

Stimulates praduction of cAMP i

Stimulationby G isself-limiting
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Gg with GDP Contact of Gg Gy with GTP

bound is turned  with hormone-  bound dissoci-

off: it cannat receptor complex  ates into w and

activate adenylyl  causes displace- By subunits.

cyclase. mentofbound  Ggg-GTP is
GDP by GTP. turned on; it can

activate

adenylyl cyclase.

GDP W
Gy R GTP -
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GTP bound to Gy is hydrolyzed by the protein’s

intrinsie GTPase; Gg,, thereby turns itself off. The

inactive o subunit reassociates with the £, v subunits. 20

G-proteins & Adenylyl cyclase
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ATP Adenosine 3/5"cyclic
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CAMP activation

Inactive PKA

Regulatory subunits:
empty cAMP sites

Catalytic subunits:
substrate-binding
sites blocked by
autoinhibitory |
domains of R subunits Tl

4 cAMP, 4 cAMP

ory R R
ried
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~
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Fig13.14 (a) 22
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Active PKA et

. .
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Catalytic subunits:
open substrate-
binding sites -

Epindghrine | ¥ molecules

Epinephrine-receptor
complex

Epineptrine, G-proteins,
CAMP & signa ‘
amplification e

cyclase

Tnactive ive
ciive PRA S8 Active PRA .
A 10 molecules |
'3
ioactive @ Active
phosphorylase s 8 phosphorylase b
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Enzymesregulaed by cAMP-dependent phosphorylation

13-3
Some Enzymes Regulated by cAMP-Dependent P (by PKA)
Enzyme ‘Sequence phosphorylated” _ Pathway
Glycogen synthase RASCTSSS Glycogen synthesis
Phosphorylase b kinase  subunit: VEFRRLS| Glycopan braakdonn
& subunit: RTKRSGSY
Pyruate kinase (rat fiver) Glyealysis
Pyrunate dehydrogentss complex (type Ly GYLRRASY Pyruvate to acetyl Cok
Hormane-sensilive lpase PMRRSV Triacylglyceral mobilization and fatty acid oridaticn
Pinuctse 2.4 L e
Tuosine hydraxylase FIGRRGSL Synthesis of LDOPA, dopaming,
norepinephrine, and spinephring
Histone HL AKRKASGPFVS DHA condensation
Histone HIE KKAKASRKESYSYYVK DHA condensation
Gardiac: phospholamban (a cardiac pump regulator)  AIRRAST Reguiation of intracallular (Ga2*]
Protein phosphatass-1 inhibitor-1 IRRRRFTP Reguiation of protein dephosphorylation
CREB ILSRRPSY CAMP regulation of gene expression
PRA consensis saquence! XRIRKIMETIB

“The prosphonlated  or
" is any amina acio; & is any hysrophat

o 1 e A residues are given 85 thei ane-|
e aming acsd

er abbrevitions (56 Table -1}
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. . -adrenergic receptor desendtized hasphorylation
CAMP is short-lived B 9 P by phosphory
0% M Y
e
[ LR 3
W B s o\ .
evelic nucleatide O*T*"*E’"ﬂ/u I a
phosphodiestorane ) )
p i) ¢ H  Adenosine | ‘ . i
| 4 5'-monophosphate
Cyelic AMP caﬁ';ine OH OH (AMP) ||
o theophylli’ne J _'I
| &
Inhibited by caffeine, theophylline & —
(methyl xanthineg -
25 Fig13.16 26)
1% - Fig13.17

Signals that use CAMP in signal transmission
13-4 Other second

Some Signals That Use cAMP messengers -

as Second Messenger
Corticotropin (ACTH) . . :
Coticobopineleaing hrmons (R phosphatidylinositol
Dopamine [D-1, D-2]*

Epinephrine {3-adrenergic)
Follicle-stimulating hormone (FSH)
Glucagon

Histamine [H-2]*

Luteinizing hormane (LH}
Melanocyte-stimulating hormone (MSH)
Qdorants (many}

Parathyroid hermone

Prostaglandins Ey, Ex (PGE,, PGEs)
Serotonin [5-HT-1a, 5-HT-21*
Somatostatin

Tastants (sweet, bitter}
Thyroid-stimulating hormone (TSH)

“Some signals have two or mare receptar sublypes (Shown in
square brackets), which may have different transduction
mechanisms, For example, serotonin is detected in some
tissues. by receptor subiypes 5-HT-1a and 5-HT-1b, which act
through adenylyl cyclase and CAMP, and in other tissues by
receptor subtype 5-HT.1c, acting through the phospholipase 27
C-IP, mechanism (ss Table 13-5)

Protein Kinase C - target of tumor promoters Ce?* as asecond messenger
600 -
_CH;
(CHy)42 E 500 7
0=C_ (llH:, i 100
0 (=0 S
£ 300
o) : Y R
CHs 110 CH, 3 200
CH;
100 T T T T T T 1
(6] 0 100 200 300 400
HO Time (s)
Myristoylphorbol acetate (b)
CH:0H (aphiozhol ester) Hormonal, reural, etc. response causes influx of
Uncontrolled phosphorylation 2 Ca?*into cell




Calmodulin modulates mary Ca?*-dependent reponses

l.-_‘-\.

-
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Sensory transductionin Vision, Smell & Taste

Gated ion channels
Intracellular second mesengers (cGM P,cAM P,Ca?*)
Integration of input

Desersitization
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Biochemistry of vision

To optic Ganglion Interconnecting

nerve neurons neurons Fig13.20

General features of light-induced signalling
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Hyperpolarization of membrane triggers sgnal ,

Detailed featuresof light-induced signalling

@ Activated rhodopsin

@Light absorption _ catalyzes replacement @Tg-OTP activates
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@ ctivated Fhodopsin

Olightabaorption  enalyos replcement. T OTP activates
converts 11.cis. oGPy CGAP phosphodiesteraso ® Active PDE red
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L ow [Ca?*] stimulates conversion of GTP — cGMP 3




Cone cells & color vision

100
920
80
70
60
50
40

Relative absorbance

Wavelength (nm)
Diff erent rhodopsins place chromophore (11-cis-
retinal) in slightly different chemical environments_,

The biochemistry of olf action (smell)
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Fig13.25
G-prateins stimulate cAM P production i

The biochemistry of gustation (taste)

Apical Basolateral
‘membrane Kt ‘membrane
& e
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@

PKA, activated by cAMP,
phosphorylates a K channel
in the basolateral membrane,

Sweet-ta: Gustducin e subunit
mo\ecule €S) binds to activates adenylyl
sweet-taste receptor (SR),  cyclase (AC) of the

activating the G protein  apical membrane, causing it o eloge.
gustduein (Ggust). raising [cAMP]. reduced Emumﬂ(*
depolarizes the cell.
Taste cell
=] =
Fig 13.26

1 [CAMP] gimulates phosphorylation of K* channel 4

Common features of sgnalling systems

Sweet
Vasopressin Epinephrine Light Odorants tastant

T

LlcAMP] TlcAMP] LeGMP] TPy TlcAMP]
T(PEA l
5
@ @ g {) i
Fig13.27 APt gt TP Py

Disruption of G-protein si gnalling & disease
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H

NormnalC: CTPoms setivity HO OH
terminates the signal 3
from receptor to adenylate NAD
cyclase. ﬁ
holera | "~ C—NH,
toxin [N (7]
\\, -
- 7.1
G 9 0. CHe—O—P—0—P—0— Rib/ Adenine
o a0 JE
S H H
H fis
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Choler & whooping cough toxins
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Regulation of gene expression by steroids

Serum binding protein -
with bound ‘hnrummk N

0]
Hormone (H), carried to the
target tissue on serum

@
AR Hormone binding changes the
5\{ conformation of Rec; it forms

‘homo- or heterodimers with

)
binding proteins, diffuses

across the plasnia membrane Altered cell ¢ RNA polymerase 0ther hormone-receptor

and binds to its specific function \&_ comlexesand binds o specic

receplorprotein (Rec in the regulatory regions calle
‘nueleus G hormone response elements
{HREs) in the DNA adjacent to
i
@ o Tmum.n)luon spociic gones.
Altered levels of the ratain i A @
hormone-regulated gene 1h Binding regulates transcrip-

product produce the cellular
response to the hormone.

tion of the adjacent genets), in-
ereasing or decreasing the rate
of mRNA formation.,

/_‘

o
; : lmuslnunn
on ribogomes:
Fig13.29

Bind to specific receptors in nucleus
which then alter gene expression @




Phosphorylation as a regulatory mechanism

Meansfor Protein Kinase activation
. cGMP
. CAMP
Inaulin
. Ca&*/camodulin
. C&* Diacylglycerol (DAG)
Phogpharylation by aher kinases

Cyclin-dependent Protein Kinases (CDK’s)

Fig13.31~

Active only in association with cyclin proteins
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4 mechanisms for regulating CDK activity

- Phosphorylation/dephogphorylation
. Controlled degradation of cyclins
. Controlled synthesisof CDK’s & cyclins

. Specific CDK-inhibiting proteins
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Regulation of cell cycle by protein kinases
M Phase
Mitosis (nuclear
G2 Phase division) and GO Phase
No DNA cytokinesis Terminally
synthesis, (eell division) differentiated
RNA and yield two cells withdraw
protein daughter cells. from cell cycle
synthesis indefinitely
continue, S Go
N
Reentry point
A cell returning
from GO
enters at early
G1 phase.
G1 Phase
RNA and protein
synthesis, No DNA
gynthesis.
S Phase
Restriction point
Wikndeh Acell that passes this
amount of DNA point is committed
in the cell. RNA to pass into S phase
and protein also .
synthesized Fig13.30
Phogphoarylation central to timing me chanism

Activity of cyclin-CDK complexesstrongly
correlated with phases of cell cycle

G1 S G2 M G1
Cyclin B-CDK1

B

i

*g Cyclin A-CDK2

® Cyclin E-CDK2

£

M

Fig 13.32 Time

Regulation of CDK'’s by phosphorylation

Fig13.33
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Increased CDK activity increases cyclin breakdown

Regulated synthesisof CDK’s & cyclins

Growth factors,
eytokines

MAPK
cascade

Phosphorylation of
Jun and Fos in nucleus

A‘anicl 1pdnl\m\

{ regulation

v
Cyclins, Transeription
CDKs factor E2F

Transcriptional
regulation

Enzymes for
DNA synthesis

Passage from
G110 S phase

Synthesized in regporse to growth factors & cytokines
50|
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Inhibition of CDK's
sk Fig13.35
damage
Active p53
e r
Tp21) pz}
e o Acuve
p11 _J— e
CyctinE ‘@EB‘
Inactive
oY /,,m,Y@
) J L
(o) B
Inactive synthesis GltoS
Cell division blocked by p53 Cell division oceurs normally
Protein binding prevents cyclin-CDK action
51
Tumor suppressor genes
Fig13.35
damage
T A;}tive P53
o T[}Z!] :2\1.‘
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o | .
CrclinEL_~ ‘@@’
Inactive
e ax®
6,{,,)] J nal
(e ) A
Inactive synthesis GltoS
Cell division blocked by p53 Cell division occurs normally
Gene products that su ppress cell cycle divison .,

Oncogenes

Extracellular space

EGF-binding
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220! passreasi “i
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EGF-binding site  Binding of EGF Tyrosine
empty; tyrosine activates kinase is
kinase is inactive. tyrosine kinase. constantly
active.
Normal EGF receptor ErbB protein

Mutant forms of geresthat regu late the cell cycle o,

Normal Fig 1338
colorectal _L
epithelium arc |

Mutation in an oncogene ey 1
Or tumor suppressor gene i
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adenoma \L
L ,4:53
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carcinn“n‘l’n v
lnva_sive ] ‘!,
) . carcimnoma 4
Accumulation of mutations B

- Metastatic ‘L
required carcinoma
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Oncogene
| Unknown status >




Apoptosis & Programmed cell death

. Embryonic development (firgers fr om limb bu ds)

. Defense agairst viral infection
. Selection againg self-recognizing immune cells

. Defense against genetic mutations resulting from
irradiation, chemical mutagenesis etc.
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Apoptosis
/Fas

Fs
(ligand

~)
I N/,

Fas /
}

Plasma /
membrane |
\ J
Death
| ! ins

Cell death

“suicide’” moecules & “ death domains”

Chapter 13 - Summary

Signal-trangduction

. Specificity & affinty for chemical signa

. Amplification of signal

. Integration of input from multipe receptors

. Desensitization to response

57

. Receptor enzymes (insulin r eceptor)

. G-praein coupled recepta s (B-adrenergic receptor)

- Serpentine transmemb rane receptors

- G-protein exchange of GDP for GTP

- Activated G-protd n stimulates cycl ases (CAMP, cGM P),
phospholipases, ki nases, etc.

- Vision, taste & smell

. Steroid Hormones
- Hydrophobi c- don’t require tran smembraneregeptor
- Bindto nud ear protd ns - d ter gene expression
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4 general signalling mechanisms
. Gated ion channels
- Acdyldoline (ligand-gated)
- Na*, K+, ClI-, Ca?* (Voltage-gated)

- V) across membrane due to differencesin [ Na*], [K*]

- Extracdll ular ligand-binding domain

- Intracellul a cadytic domain (ki nase) .

. Second messengers

- Intracellul ar s gnd s generated in response to bi nding of
ligands by receptors

- CAMP, cGMP, C&*, inositol 1,4,5-triphosphate (1P,
diacylglycerol (DAG)

- Bindtoion channds, kinases etc. toregul eV,
phosphorylation of enzymes, [Ca2*], etc.
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. Progresson o cell cycle cortrolled by af amily of
praein kinases (CDK'’s) bound to cyclins

- Regulation critical to progresson
- Diffeentia sy nthesisof CDK’s

- Specific degradation of cyclin

- Phosphorylati on/dephosphoryl aion
- Binding of i nhibitory proteins
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. Oncogenes

- Encode defedive signalling proteins
- Gengicaly dominant
- Ex.’s: growth factors, reaeptors, G-proteins, kinases, ec.

. Tumor suppresor genes

- Regul aory prote nsthat i nhibit cell division
- Gendicdly recessive
- Ex.’s: Retinobl astoma protein (Rb), p5 3, p21 etc.

. Apoptosis

- Programmed cell death in responseto extracd lular signeglz
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