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“Evolution” in hearts and minds

Recent rock

Pleistocene
rock

(dates from 1
million years ago)

late Miocene

rock
(dates from 8
million years ago)

middle Miocene
rock

(dates from 15

million years ago)

late Eocene

rock
(dates from 35
million years ago)

early Eocene

rock
(dates from 50
million years ago)

Whole animal (height) Forefeet

O
ks

) GIESE)!

i

wCI=

modern horse (Equus)

1.25m .
Pliohippus

1.0m
Merychippus

0.6m
Mesohippus

P
.._f\ A [\
AN

o e & d

Hyracbrherium

Phylogenetic Tree of Life

Bacteria Archaea Eukaryota
Grean
filamantous 5
Spirochetes bacteria Entamosba m;{g‘; Animals
Gr_?m Methanosarcing Fung|
POstvEs | Maothanobacter! i
Protecbacteria sHaneha o Halophiles Plants
Cyanobacteria AnOCaseNs Cili
¥ T caler iliales
Planctomyces Thermoprofeus Flagallates
Pyrodietivm
Bacteroides Trichamonads
Cytophaga
Microsporidia
Thermotoga
Diplomonads
Aguilfax = Esfremi
h'f|.li||]||rrr|.'||‘l'ln.\
Last Ligwerasd
I ¥ 0

[LLECA]



Useful principles of evolution
N

01 Protein homologies
0 Conservation of biochemical pathways

0 Variation and selection



McCune-Albright Syndrome

o Mosaicism for constitutively
active Go
= Precocious puberty,
= Café-au-lait hyperpigmentation,

= Polyostotic fibrous dysplasia of
bone

= Other hyperendocrinopathies

o 3 possible mutations in Gs
protein:

R201H, R201C, R201S




Normal Gs Signaling
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Cells carrying the MAS mutation
have constitutively active signaling
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Useful principles of evolution
N

0 Setting up a model system
O Conservation of biochemical pathways

O Protein homologies



Homologous biochemical pathways — proteins are
conserved between yeast and humans




Homologous biochemical pathways — proteins are

conserved between yeast and humans
_
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Protein similarities

1 Blue = different

0 Green & warmer =
similar to identical.
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Common sequence, common structure




Homologous mutation in yeast Ga causes same

biochemical defect as in human protein
_

Yeast with overactive Ga
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Permanent cell-cycle arrest
No Ga-GDP inactivation of By
without a suppressor mutation




The MAS mutation activates yeast
Ga like the human gene

FOA

Transfected plasmid:

Arch Physiol Biochem. 2006 Jul, 112(3):166-73.

Identification of a second-site suppressor mutation of the GTPase defect associated with McCune-Albright
syndrome: a model using the yeast heterotrimeric G protein, GPA1.

Ooms LS, Koster MJ, Mitchell JR, Pals-Rylaarsdam R.




Useful principles of evolution
N

O Setting up a model system

O Protein homologies

O Conservation of biochemical pathways
0 Finding drug targets

0 Variation and selection



Homologous mutation in yeast Ga causes same

biochemical defect as in human protein
_

Yeast with overactive Ga

I | ]
Permanent cell-cycle arrest

No Ga-GDP inactivation of By
without a suppressor mutation

Inactivation of By
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Variation
N

1 50 100 15 a 0 379
GTPMa2+ bindina site 4 M} A A F 'y A
G1 box SR adenylyl cyclase interaction site j Adkh putative receptor binding site
beta - gamma complex interaction site A} AR SNE G4 box Sl G5 box J§
Goloco binding site Jj AdAdd FTY Y e & AA

Switeh I region“

Switch IT resion S
G2 box j

G3 box M




Randomly mutated library screened for intragenic
suppressor mutations of an “MAS allele”

Library: 7800 unique mutants in Gpal R297H
55,000 clones screened

424 colonies grew on FOA 39 Clones remained FOAR
plasmids were sequenced



14/39 suppressor mutation sites are

conserved between Gs and the yeast GPAT
I

YEAST GPA1l Gene HUMAN Gs alpha gene

Original AA hlfl;::;i:: Mutated to | Original AA II\_Ac;::t:ttiic?r?
Isoleucine 237 Serine Phenylalanine 142
Isoleucine 278 Threonine Isoleucine 182
Glutamic Acid 279 Glycine Aspartic Acid 183
Isoleucine 293 Valine Leucine 197
Asparagine 309 Serine Glutamine 213
Lysine 316 Arginine Histidine 220
Lysine 316 Asparagine Histidine 220

Methionine 362 Threonine Leucine 266

Lysine 396 Arginine Lysine 300

Isoleucine 461 Threonine Isoleucine 383




Do the mutations that suppress the yeast G-
protein also suppress the human G-protein?
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Homology Is not identity,
but It works sometimes!
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Examining the variations at each site that
can suppress the MAS mutation

CcAMP (% forskolin respons




McCune-Albright Syndrome

o Mosaicism for constitutively
active Go
m Precocious puberty,
m Café-au-lait hyperpigmentation,

m Polyostotic fibrous dysplasia of
bone

m Other hyperendocrinopathies

o 3 possible mutations in Gs
protein:

R201H, R201C, R201S
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Other MAS alleles are suppressed by

changes at these three sites



Cells carrying the MAS mutation
have constitutively active signaling
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Choosing a target site




Finding molecules that bind at R231
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Dose-Dependent Relationships of
Drugs 3 and 18
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Conclusions:
1

Protein 2 McCune-Albright syndrome can be
homologies |' modeled at the cellular level using yeast

Homologous 7 Several intragenic suppressors of R201H
bio;hemiw' activity were identified, these mutations
HEUDADA alone do not abolish Gs signaling.

WSS The intragenic suppressors were able to

selection

e suppress R201C and R201S mutations
qulziz::i;n 2 We have identified two molecules that

iInhibit Gs-R201H in a dose-dependent
Evolution is manner

used to heal

disease
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