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A	  few	  things	  upfront…	  
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Join us at our 
 

Research Uncovered Event 
On  Thursday, 11th May 2017, 4 - 7pm 
At   The Invercarse Hotel, 371 Perth Road,  
       Dundee DD2 1PG 
Come along to this free event and hear about current 
Parkinson’s research happening in Dundee.  
 

Find out about our plans to develop a Tayside & Fife 
Parkinson’s Research Interest Group. 
 

Have the chance to speak with Parkinson’s UK advisers 
and volunteers about the support available locally.   
 

(NB. Presentations will start at 4.30pm.  Refreshments will be 
available). 

For further information, please contact: 
 

Abbey Shaw – Tel: 0207 963 9356 
 
Free Helpline: 0808 800 0303 / Web: parkinsons.org.uk 
We’re the Parkinson’s support and research 
charity. Help us find a cure and improve life 
for everyone affected by Parkinson’s. 
Parkinson’s UK is the operating name of the Parkinson’s Disease Society of the United Kingdom. A company limited by 
guarantee. Registered in England and Wales (00948776). Registered office: 215 Vauxhall Bridge Road, London, SW1V 1EJ. 
A charity registered in England and Wales (258197) and in Scotland (SC037554). © Parkinson’s UK, January 2010 
 

We	  are	  hoping	  to	  start	  our	  own	  Research	  Interest	  Group	  in	  Tayside	  
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hIps://shakyteam.com	  	  	  	  	  	  	  	  	  Fundraising	  for	  Parkinson’s	  UK	  
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Overview	  

→  IntroducDon	  

→  What	  on	  earth	  is	  “Protein	  PhosphorylaDon”?	  

→  Parkinson’s	  disease	  

→  Hereditary	  Parkinson’s	  disease:	  Focus	  on	  LRRK2	  

	  

→  New	  developments	  in	  biomarker	  developments	  in	  LRRK2	  associated	  PD	  
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About	  myself…	  

→  Originally	  from	  Germany	  

→  ScoZsh	  Neurology	  Training	  programme	  2008	  -‐	  2015	  

→  Wellcome	  Trust	  Clinical	  PhD	  Programme	  2010-‐2014	  

Professor	  Dario	  Alessi,	  MRC	  PPU,	  Dundee	  

→  SCREDS	  Clinical	  Lectuer	  2014	  –	  2015	  (MRC	  PPU)	  

→  Consultant	  Neurologist	  in	  Dundee	  

→  Movement	  disorders	  /	  Parkinson’s	  disease	  

→  NeurogeneDcs	  

→  AHSP	  Clinical	  Fellowship	  

→  to	  set	  up	  translaDonal	  link	  between	  clinical	  movement	  

disorder	  service	  and	  MRC-‐PPU	  /	  Dario	  Alessi	  

6	  

Home	  
“Saarland”	  

Medical	  School	  
Munich”	  

Neurology	  training	  
“Heidelberg”	  
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MRC	  Protein	  PhosphorylaDon	  and	  UbiquitylaDon	  Unit	  

Please	  visit	  the	  MRC	  PPU	  website	  for	  a	  link	  to	  the	  movie	  clip…	  
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CELL	  SIGNALLING	  –	  Protein	  PhosphorylaDon	  and	  UbiquitylaDon	  
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CELL	  SIGNALLING	  
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CELL	  SIGNALLING	  –	  Protein	  PhosphorylaDon	  and	  UbiquitylaDon	  
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•  PhosphorylaDon	  is	  the	  most	  general	  regulatory	  control	  mechanism	  in	  cells	  	  
•  Nobel	  Price	  for	  Krebs	  &	  Fisher	  1992	  for	  discovering	  protein	  phosphorylaDon	  
•  Abnormal	  phosphorylaDon	  idenDfied	  as	  cause	  or	  consequence	  of	  many	  human	  diseases	  
•  Many	  drugs	  target	  protein	  phosphorylaDon	  to	  alter	  the	  course	  of	  diseases	  
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PO4	   PO4	  
PO4	  
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Comprehensive	  catalogue	  of	  Human	  Kinases	  
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Parkinson’s	  disease	  -‐	  Overview	  
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750	  PD	  pa5ents	  /	  ‘NHS	  Tayside	  popula5on’	  400000	  
10000	  PD	  pa5ents	  in	  Scotland	  	  

5%  
Familial 

95%  
Idiopathic 
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Timeline	  for	  Parkinson’s	  disease	  
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Parkinson’s	  disease	  –	  Clinical	  features	  
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Motor	  symptoms	  
→  Tremor	  

→  Bradykinesia	  
→  Rigidity	  
→  Postural	  instability	  

Non-‐motor	  symptoms	  
→  Sleep	  disorders	  
→  HallucinaDons	  
→  GastrointesDnal	  dysfuncDon	  
→  Depression	  
→  CogniDve	  impairment	  /	  demenDa	  

→  Anosmia	  
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Pathology	  of	  Parkinson’s	  disease	  –	  Lewy	  body	  formaDon	  

Hawkes C H , Deeb J Pract Neurol 2006;6:272-277 

anD-‐HLA-‐DP/DQ/DR	  
Microglia	  acDvaDon	  	  
	  

H.E	  
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Widespread	  neuronal	  loss	  ≈	  non-‐motor	  symptoms	  

atic disease-related PD stages (Braak et al. 1995; Dickson
1998; Thal et al. 2004).

The intraneuronal inclusion bodies consist mainly of
aggregations of a misfolded protein, α-synuclein (Waka-
bayashi et al. 1992; Spillantini et al. 1997; Dickson 1999;
Duda et al. 2000; Giasson et al. 2000; Galvin et al. 2001;
Goedert 2001; Jensen and Gai 2001), which is mostly
located in both the axon and its terminal presynaptic
boutons. The protein is soluble in cytosol but usually binds
with high affinity to the membranes of synaptic vesicles or
to membranes rich in acidic phospholipids (Perrin et al.
2000; Jensen and Gai 2001). This small, hydrophilic,
natively unfolded, 140-amino-acid-containing protein ex-

ists in many, but not all, nerve cells of the human nervous
system and, thus, in order to become involved in PD,
vulnerable neurons require sufficient amounts of normal
α-synuclein (Braak et al. 2001).

Under certain conditions, which remain the subject of
intense research, α-synuclein in a few predisposed neu-
ronal types shows a marked tendency to give up its
membrane-binding capacity. Following a conformational
change, it takes on a β-sheet structure and, in this altered
form, tends to self-aggregate with other similarly patho-
logically misfolded α-synuclein molecules and with
additional proteins, including synphilin-1, phosphorylated
neurofilaments, and ubiquitin. This pathological shift is

Fig. 1A, B PD presymptomatic and symptomatic phases. A The
presymptomatic phase is marked by the appearance of Lewy
neurites/bodies in the brains of asymptomatic persons. In the
symptomatic phase, the individual neuropathological threshold is
exceeded (black arrow). The increasing slope and intensity of the
colored areas below the diagonal indicate the growing severity of
the pathology in vulnerable brain regions (right). The severity of the
pathology is indicated by darker degrees of shading in the colored
arrow left. B Diagram showing the ascending pathological process
(white arrows). The shading intensity of the colored areas
corresponds to that in A (and in Fig. 4). C Composition of the
human cerebral cortex. The allocortex (red) consists of the olfactory
bulb, entorhinal region, and hippocampal formation. The extensive
neocortex with its parietal, temporal, and occipital lobes consists of
primary sensory fields (dark blue), first order sensory association

areas (light blue), and the related high-order sensory association
areas (orange). Similarly, the frontal neocortex consists of a primary
motor field (dark green), premotor areas (olive), and prefrontal areas
(yellow). D Neocortical myelination begins in the primary sensory
and primary motor fields (dark blue) and progresses (white arrows)
via first order sensory association areas and premotor areas (medium
blue) to the related high-order association and prefrontal areas (light
blue). This produces densely myelinated primary sensory and
primary motor fields in the human adult. With increasing distance
from the primary fields, the average myelin content gradually
lessens and is minimal in the anterior portions of the mesocortex
(shown by differences in shading). The myelination process
proceeds in the opposite direction to the destruction of less densely
and relatively late myelinating portions of the neocortex; this occurs
in the later stages (see A, B)
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Braak	  H,	  Ghebremedhin	  E,	  Rub	  U,	  Bratzke	  H,	  Del	  Tredici	  K.	  Cell	  Tissue	  

Res.	  2004	  Oct;318(1):121-‐34.	  
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Pathology	  of	  Parkinson’s	  disease	  –	  neuronal	  loss	  

16	  

Loss	  of	  dopaminergic	  neurons	  from	  the	  pars	  compacta	  region	  of	  the	  substanDa	  nigra	  -‐	  
approx	  60%	  loss	  of	  neurons	  (80%	  depleDon	  in	  striatal	  dopamine)	  gives	  PD	  symptoms	  
	  
	  
	  
	  	  

100	  

Percent	  of	  	  
dopamine	  	  
neurons	  

Time	  (Years)	  

CriDcal	  threshold	  

Normal	  ageing	  
PD	  	  



Page	  ppu.mrc.ac.uk	  

__________________________________________________________________________	  
PD	  -‐	  Clinical	  features	  and	  Dme	  course	  of	  progression	  

17	  

(RBS=REM	  Sleep	  behaviour	  disorder,	  EDS=excessive	  dayDme	  sleepiness,	  MCI=mild	  cogniDve	  impairment),	  Fig	  from	  thelancet	  August	  2015	  
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Idiopathic	  Parkinson’s	  disease	  
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+/-‐	  

COMPLEX	  TRAIT	  

Susceptability	  
	  genes	  

Environmental	  
	  triggers	   Age	  +/-‐	  
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Familial	  Parkinson’s	  disease	  

19	  

→  William	  Gowers	  noted	  a	  posiDve	  family	  history	  in	  15%	  of	  PD	  paDents	  in	  1902	  

→  Pedigree	  of	  autosomal	  dominant	  PD	  (1990)	  

→  This	  family	  was	  later	  found	  to	  have	  a	  point	  mutaDon	  in	  α-‐synuclein	  (1996/7)	  
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Gene5cs	  and	  Parkinson’s	  disease	  
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→  Genes	  are	  like	  recipes	  to	  make	  make	  proteins	  

→  Changes	  /	  mutaDons	  in	  alpha-‐Synuclein	  were	  first	  discovered	  in	  1997	  

→  Since	  then	  idenDficaDon	  of	  many	  more	  genes	  implicated	  in	  PD	  	  

→  Only	  a	  few	  people	  get	  Parkinson’s	  as	  a	  direct	  result	  from	  a	  geneDc	  mutaDon	  

→  Rare	  mutaDons	  provide	  a	  tool	  to	  understand	  the	  general	  	  disease	  process	  
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The	  current	  list	  of	  locus	  symbols	  for	  hereditary	  PD	  

21	  

PARK	  	   Gene	  	   Inheritance	   Onset	   Func5on	  

PARK1	   SNCA	  	   AD	   Classical	  PD	  or	  EO	   Protein	  folding	  

PARK2	   PARKIN	  	   AR	   EO	   UbiquiDnylaDon	  

PARK5	   UCHL1preliminary	   AD	   Classical	  PD	   UbiquiDnylaDon	  

PARK6	   PINK1	   AR	   EO	   PhosphorylaDon	  

PARK7	   DJ-‐1	   AR	   EO	   Protein	  folding	  

PARK8	   LRRK2	   AD	   Classical	  PD	   PhosphorylaDon	  

PARK9	   ATP13A2	   AR	   Complex	  PD	  with	  EO	   Membrane	  biology	  

PARK13	   HTRA2	   AD	  or	  risk	  factor	   Classical	  PD	   Protease	  

PARK14	   PLA2G6	   AR	   EO	  plus	  dystonia	  	   Metabolism	  

PARK15	   FBXO7	   AR	   Complex	  PD	  with	  EO	   UbiquiDnylaDon	  

PARK16	   Rab7L1	   Risk	   Complex	  late	   Confirmed	  suscepDbility	  locus	  

GAK	   RISK	   Late	  PD	   PhosphorylaDon	  

PARK17*	   VPS35	   AD	   Classical	  PD	   Vesicle	  trafficking	  

PARK18*	   EIF4G1	   ADunconfirmed	   Classical	   TranslocaDon	  factor	  

PARK19*	   DNAJC6	  	   AR	   EO	   Vesicle	  trafficking	  

PARK20*	   SYNJ1	   AR	   Complex	  EO	  or	  classical	   PIP-‐like	  domain	  

PARK21*	   DNAJC13	   AD	   Late	  onset	  PD	   Unconfirmed	  

PARK22*	   CHCHD2	   AD	   Late	  onset	  PD	   Confirmed	  

PARK23*	   VPS13C	  	   AR	   EO	   Vesicle	  trafficking	  

GBA	   Risk	  factor	   Classical	  PD	   Metabolism	  

CHCHD2	   ADAsian	   Classical	  PD	   TranscripDon	  factor	  

PODXLpreliminary	   AR	   EO	   Membrane	  biology	  

TMEM230	   AD	   Classical	   Vesicle	  Trafficking	  

GCH1	   Risk	  factor	   Classical	  	   Metabolism	  

*N
ot
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GN
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Six	  genes	  involved	  in	  PhosphorylaDon	  and	  UbiquitylaDon	  
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Miratul	  Muqit	  

Dario	  Alessi	  
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GeneDc	  landscape	  of	  Parkinson’s	  disease	  
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Above	  and	  beyond	  Mendelian	  PD:	  LRRK2	  as	  Risk	  	  
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•  GWAS	  link	  LKKR2	  polymorphisms	  to	  an	  increased	  risk	  for	  idiopathic	  PD	  

•  Clinically	  there	  is	  significant	  overlap	  between	  idiopathic	  and	  LRRK2	  PD	  

•  Thus,	  LRRK2	  geneDcally	  links	  idiopathic	  and	  familial	  forms	  of	  PD	  
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MutaDons	  in	  LRRK2	  cause	  autosomal	  dominant	  Parkinson’s	  
Back	  to	  back	  publicaDon	  in	  Neuron	  by	  2	  independent	  groups	  
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Thomas  
Gasser 

(Tübingen) 

Andrew  
Singleton 

(NIH Washington) 
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LRRK2	  associated	  Parkinson’s	  
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ARM ANK LRR ROC  
GTPase COR KINASE WD40 2527 1  

Y1669C 
G2019S 

I2020T 
R1441C/G/H 

N1437H 

LRRK2 
268 kDa 

•  LRRK2	  gene5cally	  links	  familial	  and	  sporadic	  PD	  MutaDons	  in	  LRRK2	  are	  the	  most	  
common	  cause	  of	  late-‐onset	  autosomal	  dominant	  and	  sporadic	  Parkinson’s	  (from	  1-‐	  2%	  
to	  up	  to	  40%	  in	  different	  populaDons)	  

	  
•  LRRK2	  encodes	  a	  large	  mulD-‐domain	  protein	  and	  funcDons	  as	  a	  Protein	  Kinase	  
	  
•  All	  pathogenic	  LRRK2	  mutaDons	  reside	  in	  the	  catalyDc	  core	  of	  the	  protein.	  	  
	  
•  As	   such	   LRRK2	   is	   potenDally	   drug-‐able	   and	   several	   pharmaceuDcal	   companies	   are	  

already	  undertaking	  pre-‐clinical	  research	  with	  promising	  LRRK2	  inhibitors	  
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Autosomal	  dominant:	  LRRK2	  

27	  

•  Changes	  in	  the	  LRRK2	  gene	  are	  the	  greatest	  geneDc	  contributor	  to	  Parkinson’s	  	  

•  Six	  mutaDons	  have	  repeatedly	  been	  shown	  to	  segregate	  with	  disease	  in	  an	  	  

	  autosomal	  dominant	  fashion.	  These	  are	  thought	  to	  result	  in	  a	  gain	  of	  funcDon	  

•  Frequency	  of	  LRRK2	  mutaDons	  varies	  dependent	  on	  ethnicity:	  

BriDsh:	  1.6%	  of	  sporadic	  PD	  (Gilks	  et	  al.,	  Lancet	  2005),	  Ashkenazi	  Jews:	  	  

29%	  of	  familial	  and	  13%	  of	  sporadic	  cases	  (Ozelius	  et	  al.	  NEJM),	  	  

North	  African	  Arab	  Berbers:	  37%	  (Lesage	  et	  al.	  NEJM	  2006)	  

•  Since	  2004,	  some	  1500	  papers	  have	  been	  published,	  but	  informaDon	  on	  mode	  	  

	  of	  acDon	  is	  sDll	  vague	  
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Autosomal	  dominant:	  LRRK2	  G2019S	  –	  age	  dependent	  penetrance	  

28	  18,000	  paDents	  screened;	  G2019S	  mutaDons	  in	  354	  
Phenotype	  similar	  to	  IPD	  

Healy	  et	  al.	  Lancet	  Neurol	  2008	  

age	  59:	  28%	  

age	  69:	  51%	  

age	  79:	  74%	  
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Autosomal	  dominant:	  LRRK2	  encodes	  a	  protein	  kinase	  

29	  

Inhibitor drug ATP 
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P P P 

GAIN OF FUNCTION 
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Alessi	  lab	  discovers	  first	  phosphoryla5on	  target	  of	  LRRK2	  

Thr73	  

LRRK2	  

RAB10	  

LRRK2	  directly	  phosphorylates	  a	  subset	  of	  Rab	  GTPases	  including	  Rab10	  at	  Thr73,	  	  
within	  their	  Switch-‐II	  effector	  binding	  moDf	  
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31	  

Biomarkers	  in	  LRRK2	  associated	  Parkinsonism	  
LRRK2	  mediated	  phosphorylaAon	  of	  RabGTPases	  

Esther	  
Ivonna	  Fan	  (postdoctoral	  researcher	  in	  Dario	  Alessi’s	  lab)	  
Andy	  Howden	  (Postdoc	  with	  Prof	  D	  Cantrell)	  
Alessi	  lab	  
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LRRK2	  mediated	  Rab	  phosphoryla5on?	  

Thr73	  

LRRK2	  

RAB10	  

Biomarker	  for	  LRRK2	  associated	  PD?	  

Ability	  to	  monitor	  LRRK2	  pathway	  acDvity	  in	  PD	  paDents?	  

Assess	  efficacy	  and	  target	  engagement	  of	  administered	  LRRK2	  inhibitors?	  

Suitability	  for	  translaDon	  into	  human	  system?	  
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Formed	  elements	  of	  the	  blood	  

‘PBMC’	  
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EMBL-‐EBI	  Expression	  Atlas	  	  
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Expression	  levels:	  higher	  colour	  saturaDon	  means	  higher	  expression	  
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DifferenDal	  cell	  count	  of	  white	  blood	  cells	  (‘leukocytes’)	  	  

Peripheral	  blood	  mononuclear	  cells	  
‘PBMC’	  

Neutrophils	  
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Can	  LRRK2	  mediated	  phosphorylaDon	  of	  Rab10	  be	  monitored	  in	  human	  blood?	  

Homogeneous	  cell	  populaDon	  
~60%	  of	  white	  blood	  cells	  in	  blood	  
Kit	  isolaDon	  takes	  15-‐20	  min	  
Neutrophils	  98-‐99%	  pure	  
0.5-‐1mg	  of	  protein	  from	  20	  ml	  of	  human	  blood	  
	  

Advantages of neutropils 
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+	   -‐	  

Cell	  lysis	  and	  storage	  at	  -‐80°C	  

Analysis	  of	  LRRK2	  in	  Human	  Neutrophils:	  Workflow	  

Venesec5on	  
(20	  ml	  blood)	  

Neutrophil	  isola5on	  	  
via	  nega5ve	  selec5on	  

5	  min	  

LRRK2	  Inhibitor	  
	  treatment	  

30	  min	   30	  min	  

ANALYSIS	  
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High	  Purity	  and	  Efficacy	  of	  Neutrophil	  IsolaDon	  	  
from	  20ml	  of	  Human	  Peripheral	  Blood	  from	  healthy	  donors	  

Donor	   Gender	  

Cell	  counts	  
(million/

ml)	   Purity	  
Lysate	  protein	  
conc.	  (μg/μl)	  

Total	  protein	  amount	  (μg/
condiDon)	  

1	   Male	   2.27	   98.20%	   4.87	   1105	  
2	   Female	   1.33	   99.40%	   2.67	   355	  
3	   Male	   1.47	   97.60%	   3.25	   477	  
4	   Male	   1.2	   99.10%	   4.95	   594	  
5	   Female	   1.58	   99.20%	   4.58	   723	  
6	   Female	   1.44	   99.30%	   3.85	   554	  
7	   Male	   1.63	   99.10%	   4.34	   707	  
8	   Male	   1.53	   96.90%	   4.41	   674	  
9	   Female	   1.61	   99.20%	   1.31	   210	  
10	   Male	   3.7	   99.30%	   2.13	   788	  
11	   Male	   2.12	   99.00%	   1.24	   262	  
12	   Female	   5	   99.80%	   2.79	   1395	  
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LRRK2-‐dependent	  Rab10	  Phosphoryla5on	  in	  Human	  Neutrophils	  

LRRK2	  control	  blots	  
MLi-‐2:	  specific	  LRRK2	  Inhibitor	  
	  
•  Note	  that	  auto-‐

phosphorylaDon	  at	  pS935	  
LRRK2	  is	  dephosphorylated	  
upon	  treatment	  with	  MLi2	  	  
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Analysis	  of	  LRRK2	  in	  Human	  Neutrophils-‐	  Rab	  10	  Phos-‐tag	  assay	  

Rab	  10	  phosphorylaDon	  (red	  box)	  is	  detectable	  in	  all	  12	  samples	  and	  
	  disappears	  upon	  specific	  inhibiDon	  of	  the	  protein	  kinase	  LRRK2	  	  
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LRRK2-‐dependent	  Rab10	  Phosphoryla5on	  in	  Human	  Neutrophils	  

Phospho-‐specific	  Rab	  anDbodies	  (top	  panel)	  have	  been	  developed,	  which	  now	  	  
allow	  quanDtaDve	  analysis	  of	  LRRK2	  dependent	  Rab	  phosphorylaDon	  	  
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Delayed	  processing	  experiments:	  	  
Feasibility	  study	  for	  future	  study	  in	  paDent	  samples	  

LRRK2	  control	  blots	  

LRRK2	  control	  blots	  
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Blood	  can	  be	  	  stored	  at	  room	  temperature	  for	  24	  hours	  prior	  to	  neutrophil	  isolaDon	  	  
without	  impacDng	  on	  	  LRRK2-‐mediated	  Rab	  phosphorylaDon.	  	  

Delayed	  processing	  experiments:	  	  
Feasibility	  study	  for	  future	  study	  in	  paDent	  samples	  

Rab	  blots	  
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Pilot	  study	  in	  paDents	  now	  underway	  
G2019S	  LRRK2	  associated	  Rab	  phosphorylaDon	  

	  
Esther	  Sammler,	  Alessi	  lab	  
Ivonna	  Fan,	  Alessi	  lab	  

	  
In	  collaboraDon	  with	  

	  
Professor	  Thomas	  Gasser	  
Dr.	  Kathrin	  Brockmann	  

University	  of	  Tuebingen,	  Germany	  
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Rab	  proteins	  as	  potenDal	  mediators	  of	  LRRK2	  pathology	  

AddiDonal	  evidence	  for	  Rab	  biology	  in	  PD	  
	  
•  PINK1	  has	  also	  been	  shown	  to	  target	  
	  	  	  	  	  	  Rabs	  as	  substrates	  
•  PARK-‐Rab39B	  associated	  with	  x-‐linked	  
	  	  	  	  	  	  	  EO	  PD	  +/-‐	  intellectual	  disability	  
•  Rab7L1	  has	  been	  idenDfied	  as	  risk	  factor	  
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Summary	  	  

�	  

•  GeneDc	  research	  in	  Parkinson’s	  provides	  a	  tool	  to	  study	  the	  early	  molecular	  mechanisms	  of	  
the	  disease	  

•  Important	  basic	  research	  findings	  are	  o�en	  not	  efficiently	  translated	  into	  the	  human	  system	  	  

•  Professor	  Dario	  Alessi’s	  lab	  together	  with	  internaDonal	  collaborators	  has	  recently	  idenDfied	  
Rab	  proteins	  as	  a	  substrate	  of	  LRRK2	  (2016)	  

•  We	  have	  now	  developed	  a	  robust	  assay	  to	  quanDtaDvely	  asses	  LRRK2	  mediated	  Rab	  
phosphorylaDon	  in	  peripheral	  blood	  samples	  

•  The	  assay	  provides	  a	  tool	  to	  	  

•  monitoring	  LRRK2	  pathway	  acDvity	  in	  a	  blood	  sample	  

•  assessing	  efficacy	  and	  target	  engagement	  of	  administered	  LRRK2	  inhibitors?	  

•  More	  research	  and	  more	  samples	  are	  needed	  to	  explore	  whether	  LRRK2	  mediated	  Rab	  
phosphorylaDon	  could	  serve	  as	  a	  biomarker	  for	  Parkinson’s	  
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Thank	  you	  

Professor	  Dario	  Alessi	  

Miratul	  Muqit	  

Director	  	  MRC	  PPU	  

Ivonna	  Fan	  
Pawel	  Lis	  
Alessi	  lab	  
	  

Alessi	  lab	  

Andy	  Howden	  
Cantrell	  lab	  


