Journal of Visualized Experiments

Human Peripheral Blood Neutrophil Isolation for Interrogating the Parkinson’s
Associated LRRK2 Kinase Pathway by Assessing Rab10 Phosphorylation

--Manuscript Draft--

Article Type: Invited Methods Atrticle - Author Produced Video

Manuscript Number: JoVE58956R4

Full Title: Human Peripheral Blood Neutrophil Isolation for Interrogating the Parkinson’s
Associated LRRK2 Kinase Pathway by Assessing Rab10 Phosphorylation

Section/Category: JoVE Biochemistry

Keywords: Parkinson's disease, peripheral blood neutrophils, LRRK2 kinase activity, LRRK2

kinase inhinitor, LRRK2, protein phosphorylation, Rab proteins, biomarker

Corresponding Author: Esther Myriam Sammler, M.D, Ph.D
University of Dundee
Dundee, Angus UNITED KINGDOM

Corresponding Author's Institution: University of Dundee
Corresponding Author E-Mail: e.m.sammler@dundee.ac.uk
Order of Authors: Ying Fan

Francesca Tonelli

Shalini Padmanabhan

Marco A.S. Baptista

Lindsey Riley

Danielle Smith

Connie Marras

Andrew Howden

Dario R. Alessi

Esther Myriam Sammler, M.D, Ph.D
Additional Information:

Question Response

Please indicate whether this article will be Open Access (US$3000)
Standard Access or Open Access.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;58956_R4_RE.docx 2

1 TITLE:
2 Human Peripheral Blood Neutrophil Isolation for Interrogating the Parkinson’s Associated
3 LRRK2 Kinase Pathway by Assessing Rab10 Phosphorylation
4
5  AUTHORS AND AFFILIATIONS:
6 Ying FanY*, Francesca Tonelliv* Shalini Padmanabhan?, Marco A.S. Baptista?, Lindsey Riley?,
7  Danielle Smith3, Connie Marras®*, Andrew Howden>, Dario R. Alessi! Esther Sammler®®
8
9 IMRC Protein Phosphorylation and Ubiquitylation Unit, School of Life Sciences, University of
10  Dundee, Dundee, UK
11  2The Michael J. Fox Foundation for Parkinson’s Research, Grand Central Station, New York, NY,
12 USA
13  3Department of Medical and Molecular Genetics, Indiana University School of Medicine,
14 Indianapolis, IN, USA
15 “Morton and Gloria Shulman Movement Disorders Centre and the Edmond J. Safra Program in
16  Parkinson's Disease, Toronto Western Hospital, University of Toronto, Canada
17  >Division of Cell Signalling and Immunology, School of Life Sciences, University of Dundee,
18 Dundee, UK
19  °®Division of Molecular and Clinical Medicine, School of Medicine, Ninewells Hospital and Medical
20  School, University of Dundee, Dundee, UK
21
22  *These authors contributed equally.
23
24 Corresponding Author:
25  Esther Sammler (e.m.sammler@dundee.ac.uk)
26
27  Email Addresses of Co-authors:
28  YingFan (y.z.fan@dundee.ac.uk)
29  Francesca Tonelli (f.tonelli@dundee.ac.uk)
30  Shalini Padmanabhan (spadmanabhan@michaeljfox.org)
31 Marco A.S. Baptista (mbaptista@michaeljfox.org)
32  Lindsey Riley (Iriley@michaeljfox.org)
33  Danielle Smith (dchampag@iu.edu)
34  Connie Marras (connie.marras@utoronto.ca)
35 Andrew Howden (a.howden@dundee.ac.uk)
36  Dario R. Alessi (d.r.alessi@dundee.ac.uk)
37
38 KEYWORDS:
39  Parkinson’s disease, biomarkers, LRRK2 kinase, peripheral blood neutrophils, Rab proteins,
40  vesicle trafficking, protein phosphorylation
41
42  SUMMARY:
43  Mutations in the leucine rich repeat kinase 2 gene (LRRK2) cause hereditary Parkinson’s disease.
44  We developed an easy and robust method for assessing LRRK2-controlled phosphorylation of


https://www.editorialmanager.com/jove/download.aspx?id=1122654&guid=86eb4772-6987-41dd-9b85-242f2dec0e3b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1122654&guid=86eb4772-6987-41dd-9b85-242f2dec0e3b&scheme=1

45
46
47
48
49
50
o1
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Rab10 in human peripheral blood neutrophils. This may help identify individuals with increased
LRRK2 kinase pathway activity.

ABSTRACT:

The leucine rich repeat kinase 2 (LRRK2) is the most frequently mutated gene in hereditary
Parkinson’ disease (PD) and all pathogenic LRRK2 mutations result in hyperactivation of its kinase
function. Here, we describe an easy and robust assay to quantify LRRK2 kinase pathway activity
in human peripheral blood neutrophils by measuring LRRK2-controlled phosphorylation of one
of its physiological substrates, Rab10 at threonine 73. The immunoblotting analysis described
requires a fully selective and phosphospecific antibody that recognizes the Rab10 Thr73 epitope
phosphorylated by LRRK2, such as the MJFF-pRab10 rabbit monoclonal antibody. It uses human
peripheral blood neutrophils, because peripheral blood is easily accessible and neutrophils are
an abundant and homogenous constituent. Importantly, neutrophils express relatively high levels
of both LRRK2 and Rab10. A potential drawback of neutrophils is their high intrinsic serine
protease activity, which necessitates the use of very potent protease inhibitors such as the
organophosphorus neurotoxin diisopropylfluorophosphate (DIFP) as part of the lysis buffer.
Nevertheless, neutrophils are a valuable resource for research into LRRK2 kinase pathway activity
in vivo and should be considered for inclusion into PD biorepository collections. In particular, as
the LRRK2-controlled Rab10 phosphorylation assay has already been used to identify individuals
with hyperactivation of the LRRK2 kinase pathway, they might eventually benefit from future
treatment with LRRK2 kinase inhibitors.

INTRODUCTION:

Attempts to slow or stop Parkinson’s disease (PD) have thus far failed. The discovery of
hyperactivating mutations in the leucine rich repeat kinase 2 (LRRK2) that cause and/or increase
the risk for PD has led to the development of LRRK2 kinase inhibitors'=. These have now entered
clinical trials*. The exact function of LRRK2 is unclear, but a major advancement has been the
identification of a subset of Rab GTPase proteins, including Rab10, as the first bona fide
physiological substrates of the LRRK2 kinase®™’. Key challenges in the era of disease-modifying
therapeutics are biochemical markers of LRRK2 kinase activation status and target engagement
of LRRK2 kinase inhibitors.

So far, the principal pharmacokinetic marker for LRRK2 inhibitors in vivo has been a cluster of
constitutively phosphorylated serine residues of LRRK2, in particular serine 935, that become
dephosphorylated in response to diverse LRRK2 inhibitors®°. However, serine 935
phosphorylation does not correlate with intrinsic cellular LRRK2 kinase activity because it is not
directly phosphorylated by LRRK2 and is still phosphorylated in kinase-inactive LRRK2°. LRRK2
kinase activity correlates well with autophosphorylation of serine 1292, but it is in practical terms
not a suitable readout for endogenous LRRK2 kinase activity by immunoblot analysis of whole
cell extracts due to the current lack of reliable and phosphospecific antibodies for this site'%1,

We have developed a robust and easy assay to quantify LRRK2 kinase pathway activity in human
peripheral blood cells that measures LRRK2-controlled phosphorylation of its physiological target
protein Rab10 at threonine 73*L. Peripheral blood is easily accessible by venesection, which is a
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low risk and quick procedure that causes minimal discomfort. We focus on human peripheral
blood neutrophils because they constitute an abundant (37-80% of all white blood cells) and
homogeneous cell population that expresses relatively high levels of both LRRK2 and Rab10?.
Furthermore, peripheral blood neutrophils can be isolated quickly and efficiently by employing
an immunomagnetic negative approach. To ensure that the subsequent observed Rabl0
phosphorylation is mediated by LRRK2, each batch of neutrophils is incubated with or without a
potent and selective LRRK2 kinase inhibitor (we use and recommend MLi-2)%*2, This is then
followed by cell lysis in a buffer containing the protease inhibitor diisopropyl fluorophosphate
(DIFP), which is necessary for suppressing the intrinsic serine protease activity that is known to
be high in neutrophils!®. For the final analysis by quantitative immunoblotting, we recommend
using the MJFF-pRab10 rabbit monoclonal antibody that specifically detects the Rab10 Thr73-
phosphoepitope and does not cross-react with other phosphorylated Rab proteins!4. Selectivity
and specificity of this antibody was validated in overexpression models of different Rab proteins
and a A549 Rab10 knock-out cell line®. Thus, we measure the difference in Rabl0
phosphorylation in neutrophil lysates that have been treated with and without a potent and
selective LRRK2 kinase inhibitor?. Alternatively, samples could also be analyzed by other
methods, such as quantitative mass spectrometry.

In conclusion, LRRK2-controlled Rab10 phosphorylation is a superior marker of LRRK2 kinase
activity to LRRK2 phosphorylation at serine 935 and human peripheral blood neutrophils are a
valuable resource for PD research into LRRK2. Our protocol provides a robust and easy assay to
interrogate LRRK2 pathway activity in peripheral blood neutrophils and allows biochemical
stratification of individuals with increased LRRK2 kinase activity®. Importantly, such individuals
may benefit from future LRRK2 kinase inhibitor treatment.

PROTOCOL:

According to local UK regulation all manipulations and pipetting of human blood are undertaken
in a category 2 biological safety cabinet. All procedures were performed in compliance with local
ethics review board and all participants have provided informed consent.

1. Preparation

1.1. Prepare 0.1 mL of EDTA Stock Solution 1 containing 100 mM EDTA in phosphate-buffered
saline (PBS).

1.2. Prepare 60 mL of EDTA Stock Solution 2 containing 1 mM EDTA in PBS.

1.3. Prepare lysis buffer containing 50 mM Tris-HCI (pH = 7.5), 1% (v/v) Triton X-100, 1 mM EGTA,
1 mM NaszVOs4, 50 mM NaF, 10 mM B-glycerophosphate, 5 mM sodium pyrophosphate, 0.27 M
sucrose, 0.1% (v/v) B-mercaptoethanol, 1x protease inhibitor cocktail, 1 pg/mL microcystin-LR,
and 0.5 mM diisopropyl fluorophosphate (DIFP).
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NOTE: The authors routinely use an EDTA-free product, but an EDTA-containing protease
inhibitor cocktail should also work. The lysis buffer can be made in advance without the B-
mercaptoethanol, protease inhibitors, microcystin-LR, and DIFP, and stored at 4 °C until use.
Ensure that the B-mercaptoethanol, protease inhibitors, microcystin-LR, and DIFP is only added
immediately before use.

CAUTION: DIFP is toxic and should be handled with care in a fume hood following local health
and safety risk assessment. DIFP can be added to the lysis buffer and used immediately.
Alternatively, the complete lysis buffer containing all other components, including DIFP, can be
aliquoted and stored at -80 °C for subsequent use for at least 4 weeks.

2. Neutrophil isolation from whole blood

2.1. Collect 10 mL of blood into a blood collection tube. Mix gently by inverting tubes 7-8x.

2.2. Transfer 10 mL of blood into a 50 mL conical tube.

2.3. Add 100 pL of EDTA Stock Solution 1 to the blood. Mix gently.

2.4. Add 500 pL of the isolation cocktail (50 pL/mL) from the neutrophil isolation kit (Table of
Materials) to the whole blood sample.

2.5. Vortex the magnetic beads from the neutrophil isolation kit for 30 s before use in order to
resuspend the very fine magnetic beads.

2.6. Add 500 pL of the magnetic beads to the blood sample and mix gently by inverting the tube
several times.

2.7. Incubate at room temperature (RT) for 5 min.

2.8. Fill the tube to 50 mL with EDTA Stock Solution 2. Mix by very gently pipetting up and down
2-3x.

2.9. Place the tube into the magnet and remove the lid to avoid subsequent agitation of the tube.
2.10. Incubate for 10 min at RT.

2.11. Carefully pipette the enriched cell suspension that contains the neutrophils into a new 50
mL conical tube.

NOTE: Do not touch the side of the tube that is in contact with the magnet and avoid collection
and perturbation of the red blood cells at the bottom of the tube. Leave approximately 10 mL of
the red blood cell suspension behind at the bottom of the tube.
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2.12. Vortex the magnetic beads for 30 s before use and add 0.5 mL of the magnetic beads to the
tube containing the enriched neutrophils. Mix gently by inverting the tube.

2.13. Incubate at RT for 5 min.
2.14. Place the tube into the magnet and remove the lid to avoid subsequent agitation.
2.15. Incubate at RT for 5 min.

2.16. Carefully pipette the enriched cell suspension that contains the neutrophils into a new 50
mL conical tube.

NOTE: Do not touch the side of the tube that is in contact with the magnet. Leave approximately
5 mL of the suspension at the bottom of the tube.

2.17. To ensure the complete removal of magnetic beads from the cell mixture, place the tube
containing the enriched cells into the magnet.

2.18. Incubate for 10 min at RT.

2.19. Carefully pipette the enriched cell suspension that now contains pure neutrophils into a
new 50 mL conical tube.

NOTE: Do not touch the side of the tube that is in contact with the magnet. Leave approximately
5 mL of the suspension at the bottom of the tube.

2.20. Mix the isolated cells with 1 mM EDTA Stock Solution 2 to a final volume of approximately
41 mL. Pipette up and down to mix.

2.21. Divide the solution equally into two tubes with approximately 20 mL in each tube.
2.22. Centrifuge both tubes at 335 x g for 5 min.

2.23. During this centrifugation take MLi-2 inhibitor stock (200 uM/1,000x concentration) out of
the -80 °C freezer and leave at RT for subsequent use.

2.24. Immediately after the centrifugation step and without agitation of the tubes, pour off the
supernatant without disturbing the neutrophil pellets. Resuspend each cell pellet in 10 mL of cell
culture media (Table of Materials) at RT by gently pipetting cells up and down 4x.

3. LRRK2 kinase inhibitor treatment of pure neutrophils

3.1. Label one tube "DMSO" and the other tube "MLi-2".
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3.2. To the "DMSQ" labeled tube, add 10 puL of DMSO and mix gently by pipetting up and down
2x with a 10 mL pipette. To the "MLi-2" labeled tube, add 10 pL of 200 uM MLi-2 stock solution
(final concentration 200 nM) and mix gently by pipetting up and down 2x with a 10 mL pipette.

3.3. Incubate the samples for 30 min at RT. Mix gently by inversion every 10 min during the
incubation.

3.4. During the incubation period, remove 0.5 M DIFP stock from the -80 °C freezer and place in
a fume hood on ice. Remove 1 mg/mL microcystin-LR stock solution from the -80 °C freezer and
leave at RT to thaw. Take an aliquot (0.25 mL) of the lysis buffer out of the freezer, allow it to
defrost at RT, and then place it on ice for subsequent use.

3.5. Prepare 1 mL of cell culture medium containing 1 puL of DMSO and call this DMSO
resuspension buffer. Prepare 1 mL of RPMI media containing 1 pL of 200 uM MLi-2 and call this
MLi-2 resuspension buffer.

3.6. After the 30 min incubation period, centrifuge both tubes at 335 x g for 5 min.

3.7. Carefully discard the supernatant in each tube without disturbing the neutrophil pellet.

3.8. For the DMSO labeled sample gently resuspend the pellet in 1 mL of the DMSO resuspension
buffer and for the MLi-2 labeled tube, resuspend the pellet in 1 mL of the MLi-2 resuspension

buffer.

3.9. Transfer the resuspended cell pellets to corresponding centrifugation tubes labeled "DMSO"
and "MLi-2" and centrifuge both tubes at 335 x g for 3 min.

3.10. During the centrifugation step, prepare the lysis buffer. In the fume hood carefully add 0.25
uL of 0.5 M DIFP solution as well as 0.25 pL of 1 mg/mL microcystin-LR to the 0.25 mL lysis buffer.

Mix and leave on ice until use.

NOTE: Add DIFP to the lysis buffer within 15 min of cell lysis, because DIFP is relatively unstable
in an aqueous solution.

3.11. Immediately after the centrifugation, carefully and completely remove all the supernatant
with a pipette without disturbing the neutrophil pellet and place the tubes on ice.

3.12. Immediately add 100 pL of lysis buffer containing DIFP and microcystine-LR to each tube.
Using a 100—-200 pL pipette, resuspend the cell pellets by pipetting up and down about 5-10x.

3.13. Lyse the cells on ice for 10 min.

3.14. Centrifuge tubes at 20,000 x g for 15 min at 4 °C to remove cell debris.
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3.15. Transfer the "DMSQO" and "MLi-2" supernatants containing the neutrophil lysates into new
centrifugation tubes. Discard the debris pellet.

NOTE: The neutrophil lysates are now ready for use or can be snap frozen in liquid nitrogen and
stored at -80 °C for future analysis.

REPRESENTATIVE RESULTS:

Our assay allows interrogating the activation of the PD-associated LRRK2 kinase in human
peripheral blood neutrophils with LRRK2-dependent Rab10 phosphorylation as a readout.
Neutrophils are a homogenous and abundant peripheral white blood cell population that
expresses high levels of both the LRRK2 and Rab10 proteins (Figure 1). The only other cell
population among the remaining peripheral blood mononuclear cells (PBMCs) with high copy
numbers of both proteins are monocytes, but these make up only 2-12% of white blood cells.
This indicates that peripheral blood neutrophils are a more suitable biomatrix for studying LRRK2-
controlled Rab10 phosphorylation.

When isolating peripheral blood neutrophils from 10 mL of blood with our procedure, between
0.5-0.75 mg of total protein lysate per donor was obtained (Figure 2A), which is sufficient for a
significant number of immunoblot analysis for which only 10 ug per gel lane are required. While
checking purity and viability of cells is not routinely performed, we demonstrated for three
healthy donors that the purity of isolated neutrophils is between 94-98% and the viability of cells
~99% as determined by flow cytometry analysis using the CD66b-Fluorescein isothiocyanate
neutrophil marker and 4',6-Diamidine-2'-phenylindole dihydrochloride (DAPI) staining for
viability (Figure 2A).

While the focus of this publication is the isolation and processing of neutrophils from peripheral
blood and not the analysis by quantitative Western blotting, Figure 2B demonstrates that the
MJFF-pRab10 monoclonal antibody that specifically detects Rab10 phosphorylated at threonine
73 revealed robust signals in the neutrophil samples, which were markedly suppressed by
treatment with a potent and specific LRRK2 kinase inhibitor, in this case MLi-2.

Neutrophils contain high levels of serine proteases that can affect subsequent Western blot
analysis. While DIFP effectively suppresses the high protease activity in neutrophils, it is a potent
organophosphorus neurotoxin and it would be desirable to replace it with an equally effective
but less toxic protease inhibitor, such as phenylmethylsulfonyl fluoride (PMSF). We found that
Rab10 phosphorylation was equally well preserved when DIFP was replaced by PMSF at a
concentration of 2.5 mM (Figure 2C). However, the integrity of the LRRK2 protein was
compromised when using PMSF compared to DIFP, suggesting that the larger LRRK2 protein is
more susceptible to degradation (Figure 2C).

We have previously shown that another Parkinson’s disease-causing gene mutation VPS35
D620N results in hyperactivation of the LRRK2 kinase by a yet unknown mechanism?®.
Neutrophils from three people with PD harboring a disease-causing heterozygous VPS35 D620N
mutation were isolated using the method described in this article (Figure 3). Neutrophil samples
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from nine healthy donors were isolated as controls!®>. Immunoblot analysis using the MJFF-
pRab10 monoclonal antibody demonstrates a significant, ~3x increase in Rab10 phosphorylation
at Thr 73 in neutrophils from Parkinson’s patients with a VPS35 D620N mutation compared to
the controls. The total Rab10 protein expression is similar in all 12 neutrophil samples.

FIGURE LEGENDS:

Figure 1: Abundance of LRRK2 and Rab10 proteins in immune cells isolated from human blood
using data that is publicly available on the immprot database (http://www.immprot.org)6. The
graph shows the number of protein copies per cell for LRRK2 and Rab10 in a range of peripheral
blood immune cells, including subsets of T cells, B cells, monocytes, NK cells, dendritic cells, and
the granulocytes neutrophils, basophils, and eosinophils. This figure has been modified from Fan
et al.ll

Figure 2: Characterization and analysis of human peripheral blood neutrophils and importance
of DIFP for the prevention of proteolytic degradation in neutrophils. (A) Neutrophils were
isolated from the whole blood of three healthy donors (A, B, and C) showing purity, viability, and
total protein yield after cell lysis. (B) Neutrophils were treated with or without LRRK2 kinase
inhibitor (MLi-2), then lysed and subjected to quantitative immunoblot analysis with the
indicated antibodies via near-infrared (NIR) fluorescence imaging. (C) Neutrophils were isolated
from two healthy donors and treated with 100 nM MLi-2 for 30 min. Cells were lysed in the
presence of either 0.5 mM DIFP or 2.5 mM PMSF to block serine protease activity in neutrophils.
A and B have been modified from Mir et al.2>, while C has been modified from Fan et al.1%.

Figure 3: Increased LRRK2 kinase pathway activity in Parkinson’s disease patients harboring a
heterozygeous VPS35 D620N mutation. Neutrophils were isolated from nine non-age-matched
healthy controls and three PD patients with a disease-causing heterozygous VPS35 D620N
mutation. The cells were treated with or without 200 nM MLi-2 for 30 min before cell lysis. (A) A
total of 10 ug of whole cell extract subjected to quantitative immunoblot analysis with the
indicated antibodies via near-infrared (NIR) fluorescence imaging. Immunoblots were quantified
for phospho-Thr73 Rab10:total Rab10 ratio (B). Data were analyzed by one-way ANOVA with
Tukey's multiple comparison test. Data presented as means + SD; ***p <0.0001. This figure has
been modified from Mir et al.>.

DISCUSSION:

Compelling clinical, genetic, and biochemical evidence points towards an important role for
LRRK2 and in particular its kinase function in Parkinson’s disease’. LRRK2 kinase inhibitors have
been developed and are entering clinical trials***2. As such there is a need for exploiting LRRK2
as a biomarker for target engagement as well as patient stratification. Our protocol describes a
robust and easy assay for analyzing LRRK2 kinase pathway activation as reflected by the
phosphorylation of its physiological substrate Rab10 in the homogenous pool of human
peripheral blood neutrophils*4. For analysis by quantitative immunoblotting, we strongly
recommend the use of a highly selective phosphospecific Rab10 antibody (MJFF-pRab10
monoclonal antibody)**1’.
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We use human neutrophils because they constitute a homogenous subset of peripheral blood
cells that make up the dominant leukocyte population’*8, More importantly, neutrophils also
have high protein expression levels of LRRK2 and its substate Rab10 (Figure 1)°. In contrast, the
remaining subsets of leukocytes that make up the pool of PBMCs are heterogeneous with
variable and predominantly low expression of LRRK2 and Rab10. Monocytes and dendritic cells
have high expression levels, but are low in overall abundance®®.

While we recommend the use of EDTA vacutainer blood collection tubes, an anticoagulant other
than EDTA can be used. However, the presence of EDTA is important for the performance of the
neutrophil isolation kit. We therefore recommend adding EDTA to the whole blood sample so
that a final concentration of 1 mM EDTA is reached even if an alternative anticoagulant is used.
The use of the neutrophil isolation kit allows purifying neutrophils directly from human whole
blood by immunomagnetic negative selection in a relatively fast and easy way. The number of
available magnets determines how many blood samples can be processed in parallel. It is easily
feasible to isolate neutrophils from up to six blood samples in parallel using six magnets. A
potential drawback is the associated cost for commercial neutrophil isolation kits and the
required magnet. Alternative methods for neutrophil isolation from whole blood have been
described and rely on density gradient separation or fluorescence activated cell sorting (FACS),
which have significant drawbacks. The former is significantly more time and labor intensive and
at least in our hands not as reliable and efficient. The latter requires a FACS machine and
additional handling steps would need to be introduced, including the depletion of red blood cells
and cell staining, adding time to the cell isolation process. Overall, immunomagnetic isolation is
fast, generates a highly pure sample, and avoids excessive handling of the cells. With regards to
sample processing, we have previously shown that a delay between blood collection and
neutrophil isolation of at least up to 24 h does not result in a significant change or variation in
the outcome of our assay, which provides its flexibility for future clinical exploitation®?.

The neutrophil isolation procedure itself is very easy. We recommend vortexing the magnetic
beads before each use. It is also important not to disturb the magnet once the tube is inside the
magnet to avoid turbulence and dislodgement of the magnetic beads. Neutrophils are being
enriched in suspension by several rounds of immunomagnetic removal of all unwanted cells. Care
should be taken not to touch the side of the tube that is in touch with the magnet and during the
first round of isolation (step 2.11) so as not to perturb the red blood cells at the bottom of the
tube. After the final round of pipetting the enriched cell suspension into a new conical tube (step
2.24), neutrophils are immediately available for onward processing. If neutrophils are used to
assess LRRK2 activity in cells, neutrophils are then split into two batches and after pelleting by
centrifugation, resuspended in either a LRRK2 kinase inhibitor (here, MLi-2) or DMSO containing
cell culture medium. As dephosphorylation in the presence and rephosphorylation in the absence
of LRRK2 kinase inhibition are relatively rapid events, care needs to be taken to ensure that the
MLi-2 treated neutrophil fraction remains exposed to a LRRK2 kinase inhibitor (e.g., MLi-2) up
until cell lysis (steps 3.8-3.10).

There are several centrifugation steps in this protocol using 15 and 50 mL conical tubes. While
we routinely use the indicated centrifugation speeds in the protocol, it could be possible to



396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

increase the centrifugation speed to up to 400 x g without adversely affecting the viability of the
cells. This results in a slightly firmer neutrophil cell pellet which might help to reduce any
potential loss of neutrophil material during the decanting and pipetting off the supernatant steps
during this protocol. This will likely increase the yield in terms of total protein lysate obtained. A
potential concern could be that a higher centrifugation force could activate neutrophils and
potentially affect subsequent analysis. Our general recommendation is to handle neutrophils
during every step of the protocol as gently as possible.

Our protocol uses the highly potent serine protease inhibitor DIFP (0.5 mM) as part of the
neutrophil lysis buffer. DIFP is a potent organophosphorus neurotoxin, and while we have
investigated alternative compounds, its addition to the lysis buffer was essential for the analysis
of LRRK2-controlled Rab10 phosphorylation in human neutrophils by immunoblotting. For
example, replacing DIFP with 1% (w/v) SDS has been used to lyse neutrophils in other studies®®
and led to significant protein degradation to the extent that immunoblotting for LRRK2, Rab10,
and even the GAPDH loading control did not yield a signal, thus highlighting the importance of
including a highly potent protease inhibitor in the lysis buffer (Figure 2C). When replacing DIFP
with the less potent, but also less toxic serine protease inhibitor PMSF at 2.5 mM, Rab10
phosporylation was well preserved, but the larger LRRK2 protein underwent significant
degradation (Figure 2C). In order to minimize handling of the DIFP stock solution, lysis buffer
containing DIFP can be prepared in batches, aliquoted and stored at -20 °C or -80 °C*'.With
regards to the analysis by quantitative immunoblotting, it is paramount to use a phosphospecific
antibody that has been demonstrated to be selective for only a single LRRK2 phosphorylated Rab
protein, such as the MJFF-pRab10 antibody used for our studies**.

The protocol can also be scaled up using a maximal volume of whole blood of up to 25 mL, which
is the limit that can be processed in one isolation procedure using one magnet, which is able to
hold 50 mL conical tubes. The only steps that would need adjustments are step 2.4 (adding 50 pL
of isolation cocktail per mL of blood), steps 2.6 and 2.12 (adding 50 pL of magnetic beads per mL
of blood), and a proportionate increase in the volume of lysis buffer for neutrophil lysis in step
3.12. All other steps can be kept identical.

In summary, our protocol describes an easy and robust method to isolate human neutrophils
from peripheral blood. Neutrophils can then be treated with and without a potent and specific
LRRK2 kinase inhibitor to enable the quantification of the LRRK2-controlled phosphorylation of
Rab10 in vivo. This can be useful for stratifying individuals according to LRRK2 kinase pathway
activity and for identifying those with pathway hyperactivation who might benefit from future
LRRK2 kinase inhibitor treatment. While this will be unlikely the case for the majority of people
with PD, specifically idiopathic PD, our assay has already been successfully deployed in individuals
carrying a rare, heterozygous mutation in another PD-associated gene, VPS35 D620N, where
LRRK2 kinase pathway activity is significantly increased by a yet unknown mechanism?*>. We had
previously examined LRRK2-controlled Rab 10 phosphorylation levels in a small number of
individuals carrying the more common LRRK2 G2019S mutation that is known to activate LRRK2
kinase activity only modestly by a factor of around two without detecting a significant difference
when compared to controls and patients with idiopathic PD with our assay''*4. This and further
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unpublished data suggest that LRRK2 kinase activity probably requires an increase of >3x in order
to yield a significant result using quantitive immunoblotting. However, the sensitivity for
detecting LRRK2 kinase pathway activation may likely be increased if deploying state-of-the-art
mass spectrometry technology.

We suggest that neutrophils are a valuable resource for Parkinson’s disease research into LRRK2
kinase pathway activity and might help identifying individuals who could benefit from future
LRRK2 kinase inhibitor treatment.
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Figure 2
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Table of Materials
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Materials;58956_R4_Materials.xls

Name of Material/Equipment

1 mL Pipette tips

1.5 mL Micro tubes

10 mL Pipette tips

10 pl Pipette tips

15 mL falcon tube

200 pL Pipette tips

25 mL Pipette tips

50 mL falcon tube

BD Vacutainer Hemogard Closure Plastic K2-EDTA
Tube

Beckman Coulter Allegra X-15R centrifuge
Category 2 biological safety cabinet.

cOmplete(EDTA-free) protease inhibitor cocktail

DIFP (Diisopropylfluorophosphate)

Dimethyl sulfoxide

Dry ice or liquid nitrogene

Dulbecco's phosphate-buffered saline
Easy 50 EasySep Magnet

EasySep Direct Human Neutrophil Isolation Kit

EGTA

Eppendorf centrifuge 5417R centrifuge

Ethanol, in spray bottle
Ethylenediaminetetraacetic acid

Ice

Isopropanol (anhydrous grade)

Lysis buffer (50 mM Tris-HCl pH 7.5, 1%(v/v) Triton
X-100, 1 mM EGTA, 1 mM Na3Vv04, 50 mM NaF, 10
mM B-glycerophosphate, 5 mM sodium
pyrophosphate, 0.27 M sucrose, 0.1% (v/v) B-
mercaptoethanol, 1x cOmplete(EDTA-free)
protease inhibitor cocktail (Roche), 1 pg/ml
Microcystin-LR, 0.5 mM
diisopropylfluorophosphate (DIFP).

Merck LRRK2 inhibitor Il (MLi-2)

Microcystin-LR

Na3vO4

NaF

Odyssey CLx scan Western Blot imaging system
Permanent marker pen

Personal protection equipment

Company

Sarstedt
Sarstedt
Sarstedt
Sarstedt
Cellstar

Sarstedt
Sarstedt
Cellstar

BD

Beckman

Roche

Sigma

Sigma
ThermoFisher
Stemcell
Stemcell
Sigma
Eppendorf

Sigma

Sigma

Merck

Enzo Life Sciences

Aldrich
Sigma
Odyssey

Catalog
Number
70.762
72.690.001
86.1254.025
70.113

188 271
70.760.002
86.1685.001
227 261

BD 367525

11836170001

D0879
6250
14190094
18002
19666
E3889

E6758

278475

438194-10MG

ALX-350-012-
MO001
450243
$7920

L]
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RPMI 1640 Medium
sodium pyrophosphate
sucrose
B-glycerophosphate
B-mercaptoethanol

Suggested antibodies for Western blotting
Anti-RAB10 (phospho T73) antibody [MJF-R21]

Anti-a-tubulin

Goat anti-mouse IRDye 680LT
Goat anti-mouse IRDye 800CW
Goat anti-rabbit IRDye 800CW

MJFF-total Rab10 mouse antibody

Mouse anti-LRRK2 C-terminus antibody

pS935-LRRK2

ThermoFisher

Sigma
Sigma
Sigma
Sigma

abcam

Cell Signaling
Technologies

LI-COR
LI-COR
LI-COR

generated by

nanoTools

(nanotools.de)

Antibodies

Incorporated

MRC PPU Reagents

and Services

21875034
S22
50389
50020
M3148

ab230261
5174

926-68020
926-32210
926-32211

not
applicable*

75-253

uDD2



Comments

or equivalent
or equivalent
or equivalent
or equivalent
or equivalent
or equivalent
or equivalent
or equivalent

or equivalent

or equivalent centrifuge with swimging bucket rotator for 15 mL and
50 mL falcon tubes at speed 1000-1200 x g

Prepare 0.5M stock solution in isopropanol using special precautions

or equivalent

for holding 1 x 50ml conical tube

This contains Solutions called “Isolation Cocktail” and “RapidSpheres
magnetic beads

alternatively frozen lysis buffer in aliquots without Microcystin-LR,
DIFP available from MRC-PPU Reagents
(http://mrcppureagents.dundee.ac.uk/)

or equivalent (potent and selective LRRK2 inhinitor)

1 mg/ml stock in DMSO and store at -80 oC.



or equivalent

used at 1:2000 dilution

used at 1:10,000 dilution

used at 1:10,000 dilution

used at 1:10,000 dilution

used at 2 pg/ml final concentration; * The MJFF-total Rab10 antibody
generated by nanoTools (www.nanotools.de) [11] will be
commercialised by the Michael J Fox Foundation in 2018

used at 1 pg/ml final concentration

MIJFF-total Rab10 mouse antibody



Description

Pipette tips, 1 mL

Centrifugation tube
Pipette tips, 10 mL
Pipette tips, 10 pL

conical tube, 15 mL
Pipette tips, 200 pL
Pipette tips, 25 mL
conical tube, 50 mL

Blood collection tube+A3:E35

Centrifuge
Category 2 biological safety cabinet

Protease inhibitor cocktail

DIFP

DMSO
Phosphate-buffered saline
Magnet

Neutrophil isolation kit
EGTA

Centrifuge

EDTA

Isopropanol

Lysis buffer

LRRK?2 kinase inhinitor MLi-2

Microcystin-LR

Na3v04
NaF
Near-infrared (NIR) fluorescence imaging system



Cell culture medium
sodium pyrophosphate
sucrose
B-glycerophosphate
B-mercaptoethanol
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| have addressed all the comments and changes are tracked. Below please find my response
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incorporate the changes that are requested. This has been done.

2. Please revise lines 53-55, 68-69, 98-99, 287-291, 301-303, 345-346, 347-349, 354-358,
409-415, 416-417 to avoid textual overlap with previously published work. This has been
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RE: reprint permission
Show Details
Dear Dario
Thank you for your email, and | am very pleased to hear that your Biochemical Journal is getting such interest.
As:an author, you do nat have to ask permission to reuse Figures from your Biochemical Journal paper (please see the information at tt://w com/c @ As long as the Biochemical Journalis cited

as the eriginal source (there is some example text to use at the link provided), then you are fine to go ahead with this.

Hfwe can be of any help in promating the paper in any way, please do let me know.

Best wishes
Clare

: ) [mailto:d ac.uk)
Sent: 12 August 2018 08:10
To: Clare Curtis <Clare Curtis@portlandpress.com>

Cc: Esther Sammer (Staff) <e.m.sammer@dundee ac uk>
Sublect: FW: reprint permission

Dear Clare
It turns out that there is huge worldwide interest in assay that we described in our Blochemical Journal (2018) 475 23-44, https,//dol.org/10.1042/BCI20170803 paper (paper attached). Several companies want to use this in their clinical trails and
the Michael | Fox foundation are now using this as the standard assay to assess LRRK2 activity in patients with LRRK2 and other Parkinson’s causing mutations.

As a result of this interest we have now prepared a video of the assay and a more detailed protocol that we intend to submit to a journal called JOVE to enable clinical centers to access the assay better.

My colleague Esther Sammler is leading on this project. | understand that we need ta re-use or slightly adapt Figure 1, 2, 7 and 52 for this purpose. | am nat familiar with the copyright issues but we are wondering if it is possible ta get permission
to do this? We would of course make it very clear that these figures come from the original Biochemical Journal paper. It would be useful ta know what is possible.

Thank you

Darlo

From: "Esther Sammler (Staff]* <e.m.sammler@dundee,ac.uk>
Date: Friday, 10 August 2018 at 14:35
To: " tlandpress.com” tlandpress.com>

Subject: reprint permission

Hellg,


https://www.editorialmanager.com/jove/download.aspx?id=1121090&guid=7caefcd4-1dcd-49cd-8f02-26481aef4fb3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1121090&guid=7caefcd4-1dcd-49cd-8f02-26481aef4fb3&scheme=1
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Click here to access/download;Author License Agreement
(ALA);58956R1_Author_License_Agreement_UK.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

Human peripheral blood neutrophil isolation for interrogating the Parkinson’s
associated LRRK2 kinase pathway by assessing Rab10 phosphorylation

Ying Fan, Francesca Tonelli, Shalini Padmanabhan, Marco A.S. Baptista, Lindsey Riley,
Danielle Smith, Connie Marras, Andrew Howden, Dario R. Alessi, Esther Sammler

Item 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: "Agreement" means this Article and
Video License Agreement; "Article" means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; "Author"
means the author who is a signatory to this Agreement;
"Collective Work" means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
"CRC License" means the Creative Commons Attribution 3.0
Agreement (also known as CC-BY), the terms and conditions
of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/legalcode
; "Derivative Work" means a work based upon the
Materials or upon the Materials and other pre-existing
works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; "Institution" means the
institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; "JOVE" means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; "Materials" means the Article
and / or the Video; "Parties" means the Author and JoVE;
"Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and (c) to license others to do
any or all of the above. The foregoing rights may be
exercised in all media and formats, whether now known or
hereafter devised, and include the right to make such
modifications as are technically necessary to exercise the
rights in other media and formats. If the "Open Access" box
has been checked in Item 1 above, JoVE and the Author
hereby grant to the public all such rights in the Article as
provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the
non-exclusive right to use all or part of the Article for the
non-commercial purpose of giving lectures, presentations
or teaching classes, and to post a copy of the Article on the
Institution's website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video - Standard Access. This
Section 5 applies if the "Standard Access" box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video - Open Access. This
Section 6 applies only if the "Open Access" box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
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discretion andwithout giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney's
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney's fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author's or the Author's institution's
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contaminationdue to
the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney's fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
Jo VE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Dr. Esther Sammler
Department: " \irc Protein Phosphorylation and Ubiquitylation Unit and
Division of Molecular and Clinical Medicine
Institution: University of Dundee
Title: Scottish Senior Clinical Fellow
Signature: {S\/{,q Xc, \. Date: 18 May 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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