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The GTPase cycle — molecular switch




A GTPases is NOT a kinase

/_\

GTPase . . —

“
/‘\

kinase .




triphosphate
0 0 0
- Ul Il
/“TTT
O
H” \
H
0 0 0
Hu—u—u' 'u—u—u—u—
- + -] a
o] o] o]

inorganic
phosphate

diphosphate

guanosine

N
/ | NH
0 <" H’A\NHI

GTP

GDP



Two major regulators of GTPase cycle




Specific GEFs and GAPs for heterotrimeric G
proteins

G protein coupled receptor

Reqgulator of G protein signaling




Active heterotrimer dissociates into a Go subunit
and a GBy dimer

G protein coupled receptor

Regulator of G protein signaling




G protein-coupled receptors as GEFs for
heterotrimeric G proteins

« GPCRs are the largest family of cell-surface
receptors for extracellular signals
(superfamily of >1000 members)

« GPCRs respond to a wide range of inputs:
hormones, neurotransmitters, odorants,
tastants, photons of light, etc.

« ~60% of all clinical therapeutics act by
affecting some aspect of GPCR signaling
(e.g., agonist, antagonist, inhibition of
natural ligand metabolism)




GPCRs are seven transmembrane (7TM) receptors
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G proteins sense conformational changes of
Intracellular loops
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G proteins sense conformational changes of
Intracellular loops
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Active receptor stabilized nucleotide-depleted
heterotrimer




GTP-loading catalyzes heterotrimer dissociation
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Figure 10-20 Molecular Biology of the Cell (© Garland Science 2008)

(€)

0
I
—C —0—CH,

H,

w—nN—nN—I

thioether linkage
|— between cysteine
CH, and prenyl group

(F) farnesyl anchor

A A,

2



palmitoyl

extracellular
Rasmussen et al., Nature 450, 383 (2007)
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"D" normally protonated during activation;
charge neutralizing substitutions also activate
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Family 1 Rhodopsin-like:

NH2 Retinal
Odorants
> Catecholamines - dopamine, adrenaline, serotonin (5HT)
n  Adenosine
ATP, Opiates
Enkephalin
Anandamide

“DRY”-motif critical for
G-protein activation

Peptides
Cytokines| Special case of protease-activated GPCRs -
IL8, fTMLP Irreversible activation by N-terminal cleavage
PAF
3
:_}_—5 Thrombin: '{- : _—~ ~
— —>
NH
A
P Glycoproteins
1c |, hormones
LH, TSH, FSH : :
D3 ) Palmitoylated cysteine
COOH Bockaert & Pin (1999) EMBO J. 18:1732



Family 2 High-mol.wt. hormones:

NH; Calcitonin
ﬁ Glucagon
Secretine

PTH

/ \ VIP

j W, PACAP

GnRH
COOH CRF

Family 3 Metabotropic glutamate/GABA/pheromone:

AN

> Large “Venus flytrap” disulfide-linked ectodomain

_ Glutamate
(metabotropic)
Ca++
( J \ \ GABA (GABAR)
Pheromones
VETAW, (VR, GoVN)
COOH

Bockaert & Pin (1999) EMBO J. 18:1732



2012 Nobel Prize in Chemistry
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The Ga, Su bu N |t Exotoxin from Bordetella pertussis

(whooping cough) catalyzes
ADP-ribosylation of i-class Ga.:
Result? De-coupling from receptor

Lipid modifications

for membrane binding Exotoxin from Vibrio cholerae
A (cholera diarrhea) catalyzes

. . ADP-ribosylation of s-class Ga:
MXCC palmitoylation Result? Constitutive activity

since cygppled as a GTPase

MGXXXS myristoylation

pertussis toxin C

R cholera toxin

!
GAGE NKXD
phosphate binding DVGG Q guanine binding

phosphate binding
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Go contains a Ras-like domain and an all-helical domain

Three “switch regions” have
conformations that depend
on which nucleotide is bound

helical domain ' G

TPasedomain N



Go contains a Ras-like domain and an all-helical domain
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“Arginine finger” is critical for GTP hydrolysis.

transducin
Ras-like RaS
domain
S3
R789~—~—
Helical R174 S1 S1 S2
domain S2
Aluminum tetrafluoride ion mimics
third phosphate of GTP and thereby RaS/plZOGAPGDPAI F
“activates” GDP-bound Ga subunits. 3



“Arginine finger” is critical for GTP hydrolysis

Site of cholera activation; | | Q>L mutation also activates
R>C mutation activates. | | by crippling GTPase function.

2 "\

GatGDPAIF, Ras/plZOGAP-GDP-AIF3

For Ras-like GTPases, arginine finger is supplied in trans by GAPs.
For heterotrimeric G proteins, the catalytic arginine is part of the
alpha subunit.

S1



Primary sequence characteristics of Gy dimers

isoprenylation
coiled coil preny

‘ ; CAAX"™ Gpy dimers




G[3 forms a propeller; Gy is an extended helical peptide.

Sondek et al. Nature (1996) 379: 369



The switches of Ga are primary interaction sites with Gy
(no interactions between Ga. and Gy!)

Lambright et al. Nature (1996) 379: 311.




The switches of Ga are primary interaction sites with Gy
(the N-terminal helix of Ga Is also used)

Lambright et al. Nature (1996) 379: 311.
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Interface defined by structural. features and biochemical evidence

Regions of protein
in purple are
implicated in
receptor
interactions



Ga switches (I, 11, I11) are sensitive to bound nucleotide




Ga switch regions (I, Il) directly interact with GTP
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Adenylyl
cyclase

The four families of Go, subunits

Pertussis-toxin
sensitive Ga subunits

Phospholipase
C-beta

Rho-GTP




Examples of G-protein effector systems

G-protein subunit

Effector

“Second messenger”

Gas, Goolf Tadenylyl cyclase T[cAMP]

Gaill/i2/i3 ladenylyl cyclase L[cAMP]

Gag/11 Tphospholipase-Cp T[IP,] & T[DAG]

Gal12/13 TRGS-box RhoGEFs T[RhoA-GTP]
Tphospholipase-Ce T[IP,] & T[DAG]

Gart l

(transducin)

Teyclic GMP
phosphodiesterase

cGMP]

Gy dimer

Tor | adenylyl cyclase

Tor | [cAMP]

TPLC-B & PLC-¢

TIP;] & T[DAG]

Tor 4 ion channel flux

K+ and Ca2+




Four GB subunits and one oddball




hGyl1
hGyl
hGy8
hGy7
hGy12
hGy4
hGy2
hGy3
hGy5
hGyl10
hGyl13

Plenty o’ Gy subunits
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B2-adrenergic Adrenaline
receptor on vasculature of Isoproterenol
skeletal muscles (“1st messenger”)
Adenylyl cyclase
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Second
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cAMP ATP

Net result: Five-fold increase in [CAMP]; in seconds




Complex of Gas with
cytoplasmic portions of
Adenylyl cyclase

Gas interacts with

cyclase primarily

through switches 1 and 2
forskolin

Forskolin favors
dimerization of cyclase
domains




Turning off the signal
Multiple levels &
multiple time-frames

 Reuptake/destruction of agonist (~millisec)
 Hydrolysis of GTP bound to Ga. subunit (~sec)
 Reuptake/destruction of second messenger (~sec)

« Uncouple receptor from signal machinery (~sec/min)

* Remove receptor from cell-surface (~min/hr)
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RGS proteins stabilize the transition state for GTP hydrolysi
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Figure 10-1 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 10-2 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 10-4 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 10-5 Molecular Biology of the Cell (© Garland Science 2008)






(A)

Figure 10-11 Molecular Biology of the Cell (© Garland Science 2008)
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inner face 2007 Encyclopaedia Britannica, Inc.
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Figure 10-19 Molecular Biology of the Cell (© Garland Science 2008)



PLCs are phospholipases

DAG

PLC
_>

Ca2+
%

Ptdins(4,5)P2



PLC- B isozymes are classic effectors of
heterotrimeric G proteins
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