
Proof of concept in CML 

Chronic myeloid leukaemia – 
blast phase 

STI-571 



  
Gleevec is paradigm of targeted therapy 

Lasker Prize 2009 



Targeted therapies against kinases in cancer 

Name   Target  Company  Class 
 
Bevacuzimab  VEGF  Genentec  Monoclonal antibody 
 
Gefitinib  EGFR  Astra-Zeneca  Small molecule 
 
Sunitinib  Multi  Pfizer   Small molecule 
 
Trastuzimab  Erb1/2  Genentech  Monoclonal antibody 
(Herceptin) 
 
Dabrafenib  b-Raf  GSK   Small molecule 
 
 
 



PINK1 is localised to mitochondria in cells 

COS-7 

SH-SY5Y 



Underpinnings of Parkinson’s disease: Mitochondrial Dysfunction 

    Parkinson’s disease & Mitochondria 
                           Timeline 
 
 
1983: MPTP causes Parkinsonism in man 
               Langston et al. Science 
 
 
           
1985: MPTP is an inhibitor of complex I 
          Nicklas et al. Life Sci 
 
 
1989: Complex I activity is reduced in PD 
          Schapira et al. Lancet 
 
 
2000  Rotenone causes Parkinson’s in rat 
          Betarbet et al., Nature Neurosci 
 



Protein Phosphorylation and Dundee 



  
Understanding what PINK1 does will lead to the heart of PD mechanisms 

  

PINK1 

Substrate 

P 

ATP 

ADP 

NORMAL NEURONAL FUNCTION 

? 

? 



PINK1 orthologues 
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Figure 2. (Caption opposite.)
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T. castaneum 
P. humanus  
corporis Drosophila 

Insect PINK1 is active in vitro 

Helen Woodroof 



PINK1 kinase activity is crucial to prevent Parkinsonism (1)  
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Figure 4. Effect of Parkinson’s disease mutation on PINK1 kinase activity. (a) Inset: Schematic of the location of missense PINK1 mutations where the wild-type
residue is conserved in both human PINK1 and TcPINK1. Numbering is according to human PINK1. Mutations were introduced into full-length TcPINK1 (1–570), and
enzymes (1 mg) were incubated in presence of PINKtide (1 mM) and [g-32P] ATP for 30 min. Reactions were terminated by spotting onto P81 paper, washing in
phosphoric acid and quantifying phosphorylation of PINKtide bound to P81 paper. The results are presented as+s.d. for three experiments undertaken in duplicate.
Representative Coomassie-stained gels showing the relative amounts of PINK1 enzyme used for each assay are shown. (b) Inset: Schematic of the location of C-
terminally truncating PINK1 mutations. Numbering is according to human PINK1. Mutations were introduced into full-length TcPINK1 (1–570), enzymes (1 mg)
were incubated in presence of PINKtide (1 mM) and [g-32P] ATP for 30 min. Reactions were terminated by spotting onto P81 paper, washing in phosphoric acid and
quantifying phosphorylation of PINKtide bound to P81 paper. The results are presented as +s.d. for two experiments undertaken in duplicate. Representative
Coomassie-stained gels showing the relative amounts of PINK1 enzyme used for each assay are shown.
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PINK1 kinase activity is crucial to prevent Parkinsonism (2)  
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Figure 4. Effect of Parkinson’s disease mutation on PINK1 kinase activity. (a) Inset: Schematic of the location of missense PINK1 mutations where the wild-type
residue is conserved in both human PINK1 and TcPINK1. Numbering is according to human PINK1. Mutations were introduced into full-length TcPINK1 (1–570), and
enzymes (1 mg) were incubated in presence of PINKtide (1 mM) and [g-32P] ATP for 30 min. Reactions were terminated by spotting onto P81 paper, washing in
phosphoric acid and quantifying phosphorylation of PINKtide bound to P81 paper. The results are presented as+s.d. for three experiments undertaken in duplicate.
Representative Coomassie-stained gels showing the relative amounts of PINK1 enzyme used for each assay are shown. (b) Inset: Schematic of the location of C-
terminally truncating PINK1 mutations. Numbering is according to human PINK1. Mutations were introduced into full-length TcPINK1 (1–570), enzymes (1 mg)
were incubated in presence of PINKtide (1 mM) and [g-32P] ATP for 30 min. Reactions were terminated by spotting onto P81 paper, washing in phosphoric acid and
quantifying phosphorylation of PINKtide bound to P81 paper. The results are presented as +s.d. for two experiments undertaken in duplicate. Representative
Coomassie-stained gels showing the relative amounts of PINK1 enzyme used for each assay are shown.
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What is the substrate of PINK1 ? 

PINK1 

Substrate 

P 

ATP 

ADP 

? 



Screen of all known Parkinson’s disease-linked proteins 

For Review Only
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Parkin 

Mutations in Parkin discovered in PD patients in 1998 
 
Commonest cause of familial early-onset PD 
 
Functions as RING-HECT hybrid E3 ligase 
 
Physiological substrate unknown 
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Ser 65

Ser65 is highly conserved residue in the Ubl domain of parkin 

Ser 65
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UBL 

RING2 IBR 

PINK1 phosphorylation of Ser65 leads to active parkin 

UBL 

RING2 IBR 

INACTIVE  ACTIVE 

‘Closed’ ‘Open’ 

PINK1  

Ser65  
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PINK1 signaling pathway 

  

and out with the Ubl domain as well as a mutant of cysteine
(Cys431) on the catalytic activity of Parkin.

Our data provide fundamental insights into the regu-
lation of Parkin and elaborate a signalling pathway that
may be central to neuronal loss in PD (figure 9). Our data
would suggest that loss-of-function mutations in PINK1
would lead to suppression of Parkin E3 ligase activity and
result in reduced ubiquitylation of Parkin’s targets. This
may explain why over-expression of Parkin in dPINK1 null
Drosophila restores ubiquitylation of targets and rescues the
null phenotype [4,5]. It is possible that the key Parkin targets

are located at the mitochondria and indeed several candidate
mitochondrial substrates for Parkin have been proposed,
including Mitofusin1 [35], VDAC1 [12] and more recently
PARIS [36] and Miro [37]. In future work, it would be vital
to test whether phosphorylation of Parkin at Ser65 influences
its ability to ubiquitylate these or other targets and define
how this links to PD. Our data also suggest that small mol-
ecules that bind to and disrupt the Ubl domain-C-terminus
auto-inhibitory interface may activate Parkin in a similar
manner to Ser65 phosphorylation. If Parkin inactivation
occurs in sporadic PD patients in addition to those
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Figure 8. PINK1 is specifically activated by inducers of mitochondrial membrane depolarization. (a) Table of agonists tested. (b) PINK1 phosphorylation of Parkin at
Ser65 is specific to mitochondrial uncouplers. Flp-In T-Rex HEK293 cells expressing wild-type PINK1-FLAG were co-transfected with untagged wild-type Parkin,
induced with 0.1 mg ml21 doxycycline for 24 h and stimulated with the indicated agonists for 3 h except for Deferiprone (24 h treatment). 0.25 mg of 1% Triton
whole-cell lysate was subjected to immunoprecipitation with anti-Parkin antibody (S966C) covalently coupled to protein G Sepharose and then immunoblotted with
anti-phospho-Ser65 antibody in the presence of dephosphorylated peptide. Ten per cent of the IP was immunoblotted with total anti-Parkin antibody. Twenty-five
micrograms of whole-cell lysate was immunoblotted with total PINK1 antibody (Novus), phospho-JNK (CST), total-JNK (CST), phospho-ERK1/2, total-ERK1/2 (CST),
phospho-ACC (CST), total ACC (CST), phospho-AMPK (CST) and total AMPK (CST). Representative of two independent experiments.
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RING1 IBR
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PINK1
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Figure 9. Model of Parkin activation by PINK1. Under basal conditions Parkin is kept in a closed inactive conformation by Ubl-mediated autoinhibition. Following
mitochondrial depolarization, PINK1 phosphorylates Parkin at Ser65 thereby relieving Parkin autoinhibition and enabling Parkin to become active to ubiquitylate
target substrates.
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Investigating the potential of p-Ser65-Parkin and p-Thr257-PINK1 as biomarkers 

Monoclonal antibodies under development 

STRESS 
Parkinson’s disease 

p-Ser65 Parkin 

p-Thr257 PINK1  


