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Saccharomyces cerevisiae
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Saccharomyces cerevisiae: bases de datos
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Saccharomyces cerevisiae: genética
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Facilidad de introduccion de plasmidos
y de expresion de proteinas heterdlogas

URAS, TRP1, HIS3, LEU2

Hindlll
Sphl S
Pstl ™
Sal =i Region into which
Xbal exogenous DNA
BamHI = can be inserted

-Integrativos
-Centromericos (CEN)
-Episomales (2um)
Smal

Kpnl ot

Sacl ’
EcoRlI

Polylinker Plasmid
cloning vector

Expresion constitutiva (ADH1p)
Expresion regulable (GAL1p)

Métodos genéticos

-Supresion por sobrexpresion
-Supresores extragénicos.

-Letales sintéticos.




3.1.- Supresion por sobrexpresion

a Dosage suppressor: rescues in high copy

Suppressor
Mutant Incraasad dosage of wild-type
Wild type Protein is destakilized partner stakilizes protein
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-Transformacioén con libreria.

-Seleccidn de transformantes. Rescate del plasmido.

-Comprobacion de supresion.

-ldentificacién de gen supresor en multicopia. En el caso de

fragmentos grandes, acotar el gen responsable de la supresion.

3.2.- Supresores extragenicos

b Interaction suppressor: allele specific, gene specific

Wild type Mutant Suppressor
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¢ Bypass suppressor: pathway specific, rescues null allele

Mutant Suppressor
Wild-type Blocks one Openg alternative
pathway pathway pathway
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3.3.- Synthetic letal effects

La combinacion de dos mutaciones, viables cada una de ellas
por separado, conduce a una perdida de la viabilidad.
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Saccharomyces cerevisiae: modelo estudio de rutas de sefializacion




Metabolismo

Expresion génica

Crecimiento

Glucose
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. . . Glucose
Elements involved iniglucese repression

Glucose
transporter
Glucose

l Glucokinase
Glucose 6-P
l Metabolism

Component Yeast  Pancreatic -cell

Low-affinity glucose Hxtl Glut2
transporter

g;;%s:(gzr?:ggorylatmg Hxk2 <==) GIkB t ATP:ADP
o (N K *)
Protein kinase Snfl AMPK I — LAY S

Protein phosphatase Regl/Glc7 PP1?

Sensorrdelglucosa




HuGIKE
ScHxkl
Schxk2

HuGIkB
Schxkl
ScHxkz

HuGIke
ScHxk1
Schxkz

HUGIkE
ScHxkl
Schxkz

HUGIkE
ScHxkl
Schxkz

HuGIkB
Schxk1
ScHxkz

HuGIkE
Schxk1
Schxkz

HuGIke
Schxk1
Schxk2

HUGIKE
ScHxkl
Schxk2

- ML AEFQLQEEDL RLE
MVHLGPKKPQARKGSNADVPKELMDE I HQLEDMFTVDSETLRKVVKHF 1DELNKGL . .. T
MVHLGPKKPQARKGSNADVPKELMQQIENFEK I FTVPTETLQAVTKHF ISELEKGL . .S

Phosphate 1

HEEASVKNLPT SLDLGGTNFRVML TKHQMYS
KGG PGUVNEFPTGKESGNYLAIDLGGTNLRVVLVKLS.. . . .GNHTFDTTQSKYK|
KKGGN 1P 1 PGWVNDFPTGKESGDFLAIDLGGTNLRVVLVKLG . . . .GDRTFDTTQSKYR

Sugar binding

IPEDANTG. TAEMLFDY ISECISDFLDKHQNK . . HKKLPLGFTFSFPVRHEDIDKGILLN
LPHDMRTTKHQEELWSF I ADSLKDFMVEQELLNTKDTLPLGFTFSYPASONKINEGILQR
LPDANRTTQNPDELWEF 1 ADSLI INEGILQ)

Connect 1

L ™

WTKGFD IPNVEGHDVVPLLQNE ISKR . ELP IEIVALINDTVGTLIASYYTOPETKNGVIF

WTKGFD 1PN IENHDVVPMLQKQITKR . NIP IEVVAL INDTTGTLVASYYTOPETKHNGVIF
Phosphate 2

GTGCNACYMEENQNVELVEG. . .DEGR. . . . ICVNTEWGAFGDSGELDEFLLEYDRLVDE

G EGKL -EHLVLPRTKYDVAVDE

GTGVNGAY EHVVLPRTKYDITIDE

SSANPGQQLYEKL I GGKYMGELVRLVLLRLVDENLLFHGEASEQLRTRGAFETRFVSQVE
QSPRPGQQAFEKMTSGYYLGEL LRLVLLELNEKGLULKDQDLSKLKQPY IMDTSYPARIE
ESPRPGQOTFEKMSSGYYLGE ILRLALMDNYKQGF I FKNQDLSKFDKPFVMDTSYPARIE

SDTGDRKQIYN. . ILSTLGLRPSTTDCDIVRRACESVSTRAAHNCSAGLAGV INRMRESR
DDPFVFLEDT! TTLPERKL IRRLCELTGTRAARL TAAICQKRG. . .
EDPFENLEDTDDLFQNEFG INTTVQERKL IRRLSEL IGARAARLSVCG 1AATCQKRG - - .

Adenosine Connect 2

SEDVHRIT TPS...... .CEN
YKTGHI R

o T 4
YKTGHIAADGSVYNRYPGFKEKAANALKD I YGNTQTSLODYP IKIVPAEDGSGAGAA

LVSAVACKKACNLGQ
VIAALSEKRIAEGKSLGI1GA 485
VIAALAQKRIAEGKSVGI1GA 486

Hxk2 (PDB: 2nzt); Kuser et al (2000)

Hxk?2 GIkB
Identities 33%
Similarities 54%

- L3 glucekinasa pancreatica hiumana
complementalafuncion fesferiladera de glucose

- [L2l glucokinasa pancreatica ntimana
complementai 2 incion reguladora der=xi2




GIkB mutations isolated in MODY?2 and

hyperinsulinemic patients T168P: Formas mutantes de GKB aisladas de pacientes con
MODY?2 identificadas como perdida de actividad ,
no muestran ni actividad catalitica ni funcionalidad
en el proceso de sefalizacion por glucosa en levaduras.

L3P
AW

Formas mutantes aisladas de pacientes con
MODY?2 con propiedades cinéticas similares a la

silvestre, muestran buena funcionalidad en el proceso

et | de sefializacién por glucosa en levaduras.

PS3nt= 1 A
Formas mutantes aisladas de pacientes

con hiperinsulinismo, muestran una mayor afinidad por

1. No glucekinase isipresent incells o ifipresentis inactive (MODY2), la glucosa y una buena funcionalidad en el proceso de
sefializacion por glucosa en levaduras.

Matschinsky, (2002), Diabetes 51: S394




Elements involved in glucose signaling

Component Yeast Pancreatic -cell

Low-affinity glucose Hxtl Glut2
transporter

Glucose phosphorylating  Hxk?2 GIkB
enzyme (Sensor)

Protein kinase Snfl <==p AMPK
Protein phosphatase Regl/Glc7 PP1?
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ANMP-activated protein kinase, AMPK

1 [AMP]:JATP] Otras sefiales
£.g. anoxia e.g. estrés hiperosmotico
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AMPK, diabetes y obesidad

1) El efecto neto de la activacion de AMPK por ejercicio o mediante

activadores farmacologicos podria ser efectiva para corregjr |a

resistencia ainsulina en pacientes con alteraciones de la tolerancia a

glucesa y diabetes tipo 2.

— tappetite

glucose

insulin

2) La metformina y: la resiglitazona
(antidiabeticos arales) son capaces
de activar AMPK i Vivo:

S)ANVPKIuega U papelentla
regulacionrde a tomarde alimentos,
Pl accion sehre las neuronasidel
hipetalamos:

High glucose Low glucose

Snf4 Paki, Elm1,
Tos3

N Bl, B2

Regl/Glc7 1210

Non-stress Stress
Active LKB1
LELE CalVIKKp

Active
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AMPK e Hipertrofia del musculo esquelético
y cardiaco. Glucogenosis.

La funcién nuclear de la protein fosfatasa de tipo 1 (PP1)
En 2000, se describe en cerdos una . » .
Eeien e e subuRideg - PP1 es esencial para una correcta progresion del ciclo celular
como la responsable de elevados

contenidos  eni glucogeno en musculo - PP1 no tiene NLS, pero alcanza el nicleo por unién a
esqueleticor (Milan: et al., 2000). proteinas regu'adoras

AMP binding?

-

A EGFP-PP1y,

R302Q H3B3R T400N R531G

Rl

Intreduccion de formas AMPKy en sniid, actividadl constitutiva




Yeast vs Humans

90 %

46 %

Yeast Sds22-Glc7-Ypil form a ternary complex

In humans hSds22-PP1-Inh3 also form a heterotrimeric complex
No direct interaction between Inh3 and hSAds22  Lesage et al. Biochem (2007)




Construction of a ypil conditional mutant

W303ypil A:KANMX4 (pGAL1- HA-Ypil)

foamen KANNXA_Seg
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Glucose 4%
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Depletion of Ypil causes cell growth arrest

Ypil functional studies

100
9% [ Galactose YPI1 ON
Spindle . B Glucose YPI1 OFF

formation

Nuclear
migration

Percentage
@
o

Bud formstion

® @ GO G @@

G1 S-phase Metaphase/Anaphase Telophase

Growth

START

Ypilis necessary for the progression from metaphase to anaphase

Similar results have been reported in a sds22 mutant
MacKelvie et al., (1995) Mol. Cell. Biol. 15: 3777-3785
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Summary of Ypil and Sds22 functional studies

= — 5

Ypil (NLS) nucleus

EGFP-PP1y F257A .| FLAG-hSds22

Lesage et al (2004)
JBC 279: 55978

COS1 cells

EGFP-PP1y F257A} GST-Inh3

Lesage et al.
unpublished

Complementation of yeast mutants with mammalian orthologues

W303 ypil A::KANMX4

(PGAL1- HA-Ypi1) Inh3 + hSds22

Inh3 does NOT complement a ypil mutant
‘ Inh3 interacts physically with yeast Glc7 but NOT with ySds22

Galactosa (ON) Glucosa (OFF)

P pWS-Inh3 pWS-Inh3

& Lex A
5 — J

pPWS-Ypil::
Lex A

The co-expression of Inh3 plus hSds22 complements ypil deficiency
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Saccharomyces cerevisiae: herramienta de estudio

(Fields and Song, 1989. Nature 340: 245)

A

: E
AD
BD lacz

N N7 U

- Interaccion in vivo.
- Deben de alcanzar el nucleo
- Proteinas solubles, estables
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EPM2A, 6g24: LAFORIN
53/90 (59%)/ 47 mut

G279S

*C266S | Q293L

R108C T1941 R241X Y294N

W32G F84L G2409 P301L

1 156 320

NH 2 CBD DSPD. H—| COOCH

[ [ [

Exon 1 "Exon2 " Exon3 Exon4

(1-101) (102-160) (161-240) (241-331)

1 T
Consensus PTPase VHC-AG--RSG

Laforin

DUS5 (H. sapiens)
F28C6.8 (C. elegans)
YWHL (S. pombe)
PTP3 (C. eugametos)

EKGHIVYVHCNAGVGRSTAAVCGWLQ
EKGGKVLVHCEAG ISRSPT I CMAY LM
SKGKTVYVHCKAGRTRSATVATCY LM
SKNAKVLVHCFAG ISRSVTLVAAYLM
ASGGVCLVHCLAG ISRSASVVIAYLM

t

C266S

SECOND GENE RELATED TO LAFORA DISEASE

EPM2B, 6p22.3: MALIN 17/90 (19%)/ 51 mut

Malin ez

Malin has E3-Ubiquitin

ligase activity C26S psoA
[ ]

A4S 395

i@~ (&) Ersma ub sctvador COOH
RING
J finger NHL

(8] (e Enzima Us conjugador
.".><-u- Enzima Ut kiganie
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Importance of the
Laforin- Malin interaction (1)

?

finger NHL
Laforln ﬁ Malln Yeast T-H: LexA-Malina mut + GAD-Laforina

50 E f
(DS-phosphatase) (E3-Ubiquitin ligase) E «} ]
7 40 ]
LD N z
g ¢ 7
Polyglucosan accumulation % 2 i
i 10 E f
o f SN .
WT+GAD WT C26S P69A DI146N Q226X E280K

E3 Ubiqg ligase + - - + nd nd

Interaction of malin with laforin is crucial for function
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T1941  R241X
Y294N
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The phosphatase activity of
laforin is crucial for function

Phosphatase activity
Binding to glycogen
Binding to R5/PTG

The interaction with R5/PTG is
crucial for function

Yeast Two-hybrid
pGBT9-laforin mut + pACT2-malin

Importance of the Laforin- Malin interaction (I1)
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The Laforin-Malin interaction is a regulated process
Interaction between laforin and malin is increased at low-glucose conditions

Yeast two-hybrid: LexA-Laforin + GAD-Malin

A) CTY10.5d B)

B 4% glucose

4% glucose 00 0.05% glucose
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LexA-Laforin  LexA-Laforin Wild type snflAa
+ +
GAD-Malin GAD

Snf1l/AMPK improves binding

Activation of Snfl/AMPK kinase of laforin to malin
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Conclusiones
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