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Chapter 13 - Biosignalling

Cells receive constant input fr om their e nvironme nt
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General feature of signal transmission

• Signal binds to receptor

• Activated receptor interacts w ith specific enzyme

• Activity of enzyme altered

• Change in metabolic activity

• Signal event terminated

• Cell retu rns to pre-stimulus event
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Hallmarks of signal transduction mechanisms

Fig 13.1
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Fig 13.1
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Fig 13.1
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Fig 13.1
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Basic 4 signal transmission mechanisms

• Ion channels

• Receptor enzymes

• G protein-linked receptors

• Steroid hormones

Phosphorylation used by all cells to regulate cellula r

processes
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Gated ion channels

Fig 13.3

9

Ligand-gated ion channel - Acetylcholine receptor

Binding of acetylcholine allows Na+ and Ca+ influx to 
depolarize m embrane

Fig 13.4
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Voltage gated ion channels
produce action potentials

Voltage sensitivity due to
charged αα side chains

Fig 13.5

Ca2+ has both passive & 
active roles
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Anion channels are lined with basic αα side

chains, cation channels with acidic side chains

Ion channels have other ligands beside acetylcholine

• Serotonin

• Glutamate

• Glycine (Cl- channel)

• GABA
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Receptor enzymes

• Ligand -binding domain on extracellula r sur face

• Catalytic site on cytosolic side

• Domains connected by  transmem brane segment

• Receptor enzymes often protein kinases, guanylyl

or adenylyl cyclases (NTP → cNMP)
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Example: the
insulin receptor

A tyrosine-specific
protein kinase
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Regulation of
gene expression

by insulin

Fig 13.7
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Activation of glycogen synthase by insulin

Phosphorylation & conversion of 
phosphatidylinositol 4,5 bisphosphate

Fig 13.8
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Receptor enzymes: Guanylyl cylcase

cGMP is a second messenger
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Guanylyl cyclase in signal transduction

cGMP binding cau ses conforma tional c hange in PKG

Fig 13.9
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G protein-coupled receptors

3 essential components

• Plasma m embrane r eceptor

– 7 transmemb rane segments

• GTP-binding protein

– dissociates from receptor to enzyme

• Enzyme in plasma membrane

– Generates  cGM P, cAMP , phosphatidylinositol, Ca2+
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Prototype = β-Adrenergic Receptor

Stimulates production of cAMP

Fig 13.11
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Stimulation by Gs is self-limiting

Fig 13.13
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G-proteins & Adenylyl cyclase

22

cAMP activation

Fig 13.14
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Epinephrine, G-prote ins,
cAMP & signal
amplification

Fig 13.15 24

Enzymes regulated by cAMP-dependent phosphorylation
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cAMP is short-lived

Inhibited by caffe ine, theophylline

(methyl xanthines)
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β-adrenergic receptor desensitized by phosphoryla tion

Fig 13.16
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Signals that use cAMP in signal transmission
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Other second
messengers -

phosphatidylinositol

Fig 13.17
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Protein Kinase C - target of tumor promoters

Uncontrolled phosphorylation 30

Ca2+ as a second messenger

Hormonal, neural, etc. response causes influx of
Ca2 + into c ell
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Calmodulin modulates many Ca2+-dependent responses

32

Sensory transduction in Vision, Smell & Taste

• Gated ion channels

• Intracellular second messengers (cGMP,cAMP,Ca2 +)

• Integra tion of input

• Desensitization
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Biochemistry of vision

Fig 13.20
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General features of light-induced signalling

Fig 13.21

Hyperpolarization of membrane triggers signal
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Detailed features of light-induced signalling

Decrease in [ cGMP] causes ion channels to close

Fig 13.23
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Recovery phase depends on ↑ [cGMP]

Low [Ca2+] stimulates c onversion of G TP → cGMP

Fig 13.23
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Cone cells & color vision

Different rhodopsins place chromophore (11-c is-
retinal) in slightly different chemical environments
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The biochemistry of olfaction (smell)

G-proteins stimulate cAMP production
Fig 13.25
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The biochemistry of gustation (taste)

↑[cAMP] stimu lates phosphoryla tion of K+ channel

Fig 13.26
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Common features of signalling systems

Fig 13.27
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Disruption of G-protein signalling & disease

Choler & whooping cough toxins

Fig 13.28
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Regulation of gene expression by steroids

Bind to specific receptors in nucleus
which then alter gene expression

Fig 13.29
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Phosphorylation as a regulatory mechanism

Means f or Protein Kinase activation

• cGMP

• cAMP

• Insulin

• Ca2 +/calmodulin

• Ca2 +/ Diacylglycerol (DAG)

• Phosphorylation by other kinases
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Regulation of cell cycle by protein kinases

Phosphorylation central to timing me chanism
Fig 13.30
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Cyclin-dependent Protein Kinases (CDK’s)

Active only in association with cyclin proteins

Fig 13.31

cycl in

CDK

CDK
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Activity of cyclin-CDK complexes strongly
correlated with phases of cell cycle

Fig 13.32
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4 mechanisms for regulating CDK activity

• Phosphorylation/dephosphorylation

• Controlled degradation of cyclins

• Controlled synthesis of CDK’s & cyclins

• Specific CDK-inhibiting proteins
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Regulation of CDK’s by phosphorylation

Fig 13.33
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Fig 13.33b

Controlled degradation of cyclins

Increased CDK activity increases cyclin breakdown
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Regulated synthesis of CDK’s & cyclins

Synthesized in re sponse to growth fac tors & cytokines
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Inhibition of CDK’s

Protein binding prevents cyc lin-CDK action

Fig 13.35
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Oncogenes

Mutant forms of genes that regu late the c ell cycle
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Tumor suppressor genes

Gene produ cts that su ppress cell cycle division

Fig 13.35
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Mutation in an oncogene
or tumor suppressor gene
doesn’t automatically lead

to cancer

Accumula tion of mutations
required

Fig 13.38
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Apoptosis & Programmed cell death

• Embryonic development (fingers fr om limb bu ds)

• Defense against vira l infection

• Selection against self-recognizing imm une cells

• Defense against genetic mutations resulting from

irrad iation, chemical mutagenesis, etc.
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Apoptosis

“su icide” molecu les & “ death domains”

57

Chapter 13 - Summary

Signal-transduction

• Specificity & affinity for chemical signal

• Amplification of signal

• Integra tion of input from multiple re ceptors

• Desensitization to response
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4 general signalling mechanisms

• Gated ion channels

– Acetylcholine (ligand-gated)

– Na+, K+, Cl-, Ca2+ (Vo ltage-gated)

– VM across membrane due to d ifferences in [Na+], [K+]

• Receptor enzymes ( insulin r eceptor)

– Extracell ular l igand-binding domain

– Intracellul ar catalytic domain (kinase)
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• G-protein coupled receptors (β-adrenergic  receptor)

– Serpentine transmemb rane receptors

– G-protein exchange of GDP for GTP

– Activated G-pro tein stimulates cyclases (cAMP , cGM P),
phospholipases, kinases, etc.

– Vision, taste & smell

• Steroid Hormones

– Hydrophobi c - don’t require transmembrane receptor

– Bind to nuclear pro teins - al ter gene expression
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• Second messengers

– Intracellul ar si gnals generated in response to binding of

ligands by receptors

– cAMP, cGMP, Ca2+, inositol 1,4,5-triphosphate (IP 3),

diacylglycero l (DAG)

– Bind to ion channels, kinases etc. to regulate Vm,

phosphorylation of enzymes, [Ca2+], etc.
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• Progression of cell cycle controlled by a f amily of

protein kinases (CDK’s) bound to cyc lins

• Regula tion critical to progression

– Differential sy nthesis of CDK’s

– Specific degradation of cyclin

– Phosphorylati on/dephospho rylat ion

– Binding of inhibitory proteins

62

• Oncogenes
– Encode defective signalling proteins

– Geneticall y dominant

– Ex.’s: g rowth factors, receptors, G-proteins, k inases , etc.

• Tumor suppressor genes
– Regulatory p roteins that inhibit cell division

– Geneticall y recessive
– Ex.’s: Retinoblastoma protein (Rb), p5 3, p21 etc.

• Apoptosis

– Prog rammed cell death in response to extracellular signal


