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Project summary: Effects of phosphorylation by kinases on the
activity of PARP16

This report covers an investigation on protein modification and enzymatic activity. Our protein
of interest is known as PARP16/ARTD15 and belongs to a protein superfamily that modifies
other proteins by adding ADP-ribose using NAD+ as a substrate (ADP-ribosylation). The
proteins from this superfamily are involved in several physiological functions, cell stress
responses, and even disease. Therefore, they have been recently identified as important
therapeutic targets for cancer and for the modulation of the immune system.

PARPs present various characteristic and essential features in their structure and sequence
critical for their ADP-ribosylation activity. In particular, we could highlight their catalytic
domain that contains a signature histidine, tyrosine and glutamate (H-Y-E) motif. However, the
catalytic domain of PARP16 is composed of H-Y-Y in the catalytic triad and is only capable of
performing auto and trans mono-ADP-ribosylation, unlike other PARPs that have poly-ADP-
ribosylation activity.

PARP16 has been found to have an important role in the Unfolded Protein Response (UPR)
since it is required for activation of two ER stress sensors, PERK and IREla. These are So-
called kinases and play critical roles in disease development related with protein folding and
cancer. Additionally, the same study showed that these two proteins modify PARP16 by adding
phosphate residues (phosphorylation).

Aiming to understand this biological mechanism, and due to difficulties to produce PERK and
IREla, we designed various experiments in which we expressed, purified, and tested several
kinases from an Addgene genetic library called ““an open library of human kinase domain
constructs for Automated Bacterial expression™. It contained 72 kinases and 2 phosphatases.
The phosphatases are of great relevance because they allow a non-toxic overexpression of the
kinases.

The experimentation began with the coexpression of the phosphatases and kinases followed by
purification of the kinases with Ni-NTA beads. Next, we tested the autophosphorylation activity
and transphosphorylation activity to PARP16 of the kinases in presence of ATP. This showed
that the kinases were active and we identified several kinases that phosphorylated PARP16.

After the results of both assays, ADP-ribosylation assays were designed in order to investigate



the effects that phosphorylation has on the catalytic activity of PARP16. The results showed a
variation of the ADP-ribosylation activity of PARP16. It is remarkable that 2 of the 4 kinases
tested in this last assay have the same specificity as PERK and IRE1a and reduce the activity
of PARP16.

This discovery can be key to develop therapies to prevent or treat cancer and genetic disease
development. However, further investigation is indispensable to elucidate which residues of
PARP16 are modified by the kinases and how PERK and IREla behave in the presence of
PARP16.



Abstract

PARP16/ARTD15 is an intracellular mono-ADP-ribosyltransferase that catalyzes auto- and
heteromodification by transfer of a single ADP-ribose moiety. It belongs to the ADP-
ribosyltransferase (ART) superfamily. ADP-ribosylation of amino acids on protein targets is
critical in the regulation of cellular pathways in eukaryotes, especially involved in physiological
functions, cell stress responses and disease. It has been discovered that PARP16 plays an
important role in the Unfolded Protein Response (UPR) as the main activator of 2 endoplasmic
reticulum (ER) stress sensors, PERK and IREla kinases. In addition, it was also found that
these kinases phosphorylate PARP16. The aim of this project is to investigate the
phosphorylation of PARP16 by the kinases and whether that implies alterations of its activity.
To answer this question, we coexpressed Tyrosine-kinases with YopH and Serine/Threonine-
kinases with Lambda from an Addgene genetic library. The kinases were purified by a 2-step
elution protocol using Ni-NTA beads and imidazole. Although the samples showed signs of
phosphatase contamination, we found conditions in which we could assess the phosphorylation
activity of the kinases. Finally, phosphorylation and ADP-ribosylation assays were performed
with PARP16 and our kinases. The results showed clear phosphorylation of PARP16 and a
variation of its ADP-ribosylation activity in the presence of the modification. This discovery
opens up new questions about the biological effects that the phosphorylation of PARP16 can
have, especially in cancers and protein folding diseases. Therefore, these findings can be critical
for therapeutic inhibition and treatment. Further investigation should address questions such as
what residues from PARP16 are modified and how phosphorylation by PERK and IRE1a affect
the ADP-ribosylation activity of PARP16.

Key words: ADP-ribosylation, Kinases, PARP16, Phosphorylation and UPR.
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1 Introduction

The ADP-ribosyltransferase (ART) superfamily consists of bacterial pathogenic toxins and
eukaryotic  ADP-ribosyltransferases [1]. Seventeen poly(ADP-ribose) polymerase
(PARP/ARTD) proteins, belonging to the ART superfamily, exist in humans. The primary
function of PARPs is to generate ADP-ribose (ADPr) modifications onto target proteins via N-
, O-, or S- glycosidic linkages using NAD+ as substrate [2,3]. This modification can occur at
many different levels, such as nucleic acid, small molecule or amino-acid modification [3,4].

Our lab is most interested in the latter.

ADP-ribosylation of amino acids on protein targets is critical in the regulation of cellular
pathways in eukaryotes and underlies the pathogenicity of certain bacteria. The best understood
PARP roles include physiological functions in cell division, transcriptional regulation and
regulation of protein degradation, but also cell stress responses such as DNA damage, heat
shock, and ER stress response [5]. Several members of the ART superfamily are highly relevant
for disease; these include the poly(ADP-ribose) polymerases (PARPS), recently identified as
important therapeutic targets for cancer and for the modulation of the immune system [3].

The PARP catalytic domain contains a signature histidine, tyrosine and glutamate (H-Y-E)
motif originally identified in various bacterial mono-ADP-ribosyltransferase (MART) toxins.
Based primarily on the presence of this triad, ARTSs are classified as poly-ADPr synthesizing,
mono-ADP-ribose (mADPr) synthesizing, or enzymatically inactive [1,5,6]. Many of these
PARP-like proteins are unlikely to carry out genuine ADP-ribose polymer formation due to the
lack of the catalytic glutamate residue critical for polymerase activity. In addition, secondary
structural features of the PARP catalytic domain, such as the Donor loop (D-loop) and the

acceptor pocket, are also predicted to influence catalytic activity [5].

Human PARP16/ARTD15 is a 36-kDa intracellular mono-ADP-ribosyltransferase that
catalyzes auto- and heteromodification by transfer of a single ADP-ribose moiety [1,5]. An
additional feature of ARTD15 is that it is the only ARTD family member with a carboxy-
terminal transmembrane domain, necessary and sufficient for its localization to ER membranes.
The amino-terminal cytosolic catalytic domain possesses the amino acids H-Y-Y in the

catalytic triad [4].



This ER transmembrane protein has been found to have an important role in the Unfolded
Protein Response (UPR) [8]. The enzymatic activity of PARP16 is up-regulated during ER
stress response when it (ADP-ribosyl)ates itself, PERK and IRE1a. These two kinases, PERK
and IREla, are 2 of the 3 proteins that function as ER stress sensors. However, their ADP-
ribosylation by PARP16 is sufficient for activating them in the absence of ER stress [7,8].
Modification of PERK and IREla by PARPI16 increases their kinase activities and the
endonuclease activity of IREla [7].

Furthermore, PARP16 phosphorylation was observed in the same study, suggesting that
PARPI16 is likely a substrate of PERK and IRE1a. Phosphorylation by PERK was detected to
be NAD+ dose-dependent, whereas IRElo phosphorylation does not appear to be NAD+

concentration-dependent [7].

(ADP-RIBOSYL)ATION

Figure 1: Scheme of the interactions between PARP16/ARTD15, PERK and IREla

Since kinases play a critical role in cellular signaling and are dysregulated in a number of
diseases, such as cancer, diabetes, and neurodegeneration, this finding can be critical for
therapeutic inhibition for cancers and protein folding diseases, such us Parkinson’s disease,

Huntington’s disease, and Alzheimer’s disease [9,10].

The aim of this thesis was to investigate whether phosphorylation on PARP16 can alter its ADP-
ribosylation activity in vitro. Therefore, we bought ““an open library of human kinase domain



constructs for Automated Bacterial expression™, a library of 72 His-tagged human kinase
domain constructs intended for phosphatase coexpression [9]. The library contains 10 Tyr-
specific-kinases intended for co-expression with the Tyr-specific YopH phosphatase and 62
Ser/Thr-specific-kinases compatible with the Ser/Thr-specific Lambda phosphatase. This
approach is thought to reduce toxicity and hereby increase the yield in the expression system,
E. coli. Our intention is to express and purify them, test their activity, and elucidate the possible
phosphorylation of PARP16 and its effects on the ADP-ribosylation activity of PARP16.



2 Materials and Methods

Minipreps of Kinase Library from Addgene — Background and plasmid filing

The plasmid library was ordered from Addgene (Kit #1000000094). To begin the work with its
content we performed minipreps of all plasmids provided. The miniprep kit used was Gen Elute
Plasmid Miniprep Kit (1003311632). Only few changes were made to the manufacturer’s
protocol described in the kit: we centrifuged at 14,8 rpm and we used 50 pl of molecular biology
reagent water for plasmid elution. The concentration of the plasmid samples was determined
based on absorbance measurements at 260 nm with the Nanodrop and they were stored at -
20°C.

Cotransformation

As stated by Albanese SK et al., the Addgene library was designed to allow fast and nontoxic
expression of human kinase domain constructs when the phosphatases were coexpressed with
the kinases [9]. According to those statements, we cotransformed chemically competent cells
with kinase plasmids and their respective phosphatases. The cells used were pRARES3 cells

provided by my lab coworkers.

The setting of the experiment was based on the compatibility between kinase domains and the
phosphatases. The cells were cotransformed by a heat shock protocol by subsequently adding
1 ul of each plasmid to 20 ul of competent cells and then recovered with SOC out broth medium
from BlOlabs (B9020S). The contransformed cells were plated in ampicillin and streptomycin

resistance LB-agar plates and incubated at 37°C overnight.
Medium-scale expression test and purification of Lambda and YopH coupled kinases

Iml LB cultures, supplemented with ampicillin and streptomycin, were inoculated with single
colonies from the double-resistance plates. Turbidity by ocular inspection was used as an
indicator of cell growth. The cultures were incubated 2-3 hours at 37°C and 210 rpm.

Aiming to increase the yield of our expressed proteins, we moved onto medium scale cultures
by preparing 50 ml LB broth media with 50 ul of ampicillin and 50 ul of streptomycin, and
adding the 1 ml culture once it had reached a high turbidity. Cell growth was determined by
optic density at 600 nm (OD600). The target OD600 was approximately 2 to begin with the
induction. The cultures were prepared in 250 ml Erlenmeyer and incubated for 4 hours at 37°C

9



while being shaken at 210 rpm. 100 mM IPTG was the induction agent used for overnight
induction at 18°C and 210 rpm. Next, cells were centrifuged at 12000 rcf, and the pellets were
lysed by adding 200 ul of Lysis buffer full (50mM Hepes pH 7,5, 500mM NaCl, 0,5 mM TCEP,
10% glycerol, 50% B-Per, 10% Protease Inhibitor cocktail and 110mM/10 ml of DNAse). The

lysates were then transferred to Eppendorf tubes and frozen at —80 °C overnight.

For protein purification, 3 methods were tried for optimization: 1) We used 60 ul of 1:1 NI-
NTA Agarose bead suspension from QIAGEN (1000632) equilibrated in lysis buffer. The
lysate was thawed and clarified by centrifugation; therefore, the supernatant could be
transferred to the Eppendorf tubes containing the equilibrated beads. The pellet was
resuspended in 200 pl of lysis buffer and saved. The Eppendorf tubes were incubated at 4°C in
a swinger for 2h. After that, we spun them down at 4°C and 500 rfc for 5 min, saved the
supernatant (unbound) and resuspended the beads with 1 ml of lysis buffer. We spun them down
under the same conditions, discarded the supernatant, resuspended the beads in 1 ml lysis buffer
and spun one more time at the same conditions. We discarded the supernatant, added 8 ul
Laemmli buffer directly to the beads and boiled them at 95°C (elution/bound). After this
protocol we had 3 samples per protein tested: pellet (p), unbound (u) and elution (e); 2) We
equilibrated 400 pl Ni-NTA bead suspension. The lysate clarification was performed by
freezing and thawing the lysates with liquid nitrogen and spinning it down at 10000 rfc for 15
min. We took an aliquot of the SN (for SDS-Page analysis) and transferred the lysate to the
beads into 15 ml falcons and let them incubate for 2h. The pellet was resuspended in 2 ml of
lysis buffer and saved. After 2-hour incubation, we spun down the lysates with the beads, took
an aliquot of the SN (unbound), removed the rest and resuspended the beads. Then, we
transferred them to Bio-Spin Chromatography columns from BIORAD (7326207), washed
them 3 times with lysis buffer, discarded the last wash and left it incubating overnight with 0,2
mg/ml of TEV protease in lysis buffer at 4°C shacking. This step was added to elute the proteins
because there is a TEV cleavage site between the His-Tag and the kinase domains, and avoid
the use of imidazole. Next, the flow-through was saved and columns were washed twice with
lysis buffer. We took an aliquot from the flow-through (el). After that we eluted the rest of the
proteins bound to the beads by using an elution buffer containing 50mM of HEPES pH 775,
300mM of NaCl, 10% glycerol, 400mM imidazole and 0'5mM TCEP. The eluate was saved
(elution 2 = e2). This protocol left us with 5 samples per protein tested: pellet (p), supernatant

(SN), unbound (u), elution 1 (e1) and elution 2 (e2); 3) The protocol followed is very similar to

10



the second one but the TEV cleavage was replaced with a two-step elution with different
imidazole concentrations. Imidazole is key due to its ability to compete with the His-Tag for
binding to the beads because the structures are very similar. After incubation of the NI-NTA
beads with the lysate, we spun down the beads, saved an aliquot of the SN (unbound), removed
the rest and resuspended the beads. We transferred the beads to the Bio-Spin Chromatography
columns, washed them 3 times with lysis buffer, removed the last wash and directly eluted with
500 pl of elution buffer 1 containing 50mM Hepes pH 7,5, 300mM NacCl, 0,5 mM TCEP, 10%
glycerol and 50mM imidazole and saved the flow through (el). Then eluted with 500 ul of
elution buffer 2 containing 50mM Hepes pH 7°5, 300M NacCl, 0,5 mM TCEP, 10% glycerol
and 400mM imidazole and saved the flow through (e2). The samples saved from this protocol

are equivalent to the ones in protocol number 2.

The samples saved for SDS-PAGE were prepared for the gel electrophoresis by adding 10 pl
of the saved sample and 5 pl of SDS-sample buffer (Laemmli buffer). The pellet sample had to
be diluted by adding 10 ul of water to avoid problems while loading the gel. All the samples
were boiled at 95°C for 4 min and then loaded. We ran Invitrogen Nu-Page 4-12% gels (10-17
wells) for 35 min at 200 volt and 120 mA. The ladder used was SeeBlue plus2 prestained
standard (1x) from Invitrogen and the staining reagent was homemade Yasumitsu staining
(PMID: 20599644) (20% citric acid, 0,05% Coomassie blue g250 and 25% pvp-40).

Auto-phosphorylation activity assay with selected kinases

Once we had our kinases isolated, we tested their activity. The aim of our first assay was to
determine whether the domains had auto-phosphorylation activity. We used western blotting
with phospho-specific antibodies to design the experiment.

The reaction set up was divided in two, because we also tested two different reaction buffers.
The reactions buffer used were: Reaction buffer A (10x): 500mM HEPES 7.5, 1M NaCl, 10mM
MgCI2, ImM TCEP and reaction buffer B (10x): 500mM Na2HPO4 pH 7.5, 1M NaCl, 10mM
MgCI2 and 1mM TCEP. Buffer B required to add MgCI2 individually, otherwise it would
precipitate in the 10x buffer. MgCl is of great importance because most kinases need
magnesium for activity. We prepared 20 ul aliquots and incubated them for 1 h at 37 °C. The
aliquots contained 4-10 uM of Kinase, 200 uM of ATP, 2 ul of 1x Buffer and 2 ul of phosSTOP
EASYpack from ROCHE (ref: 04906845001). The phosSTOP EASYpack was prepared by

dissolving 1 tablet in 1 ml of miliQ water. The selection of the kinases used for this experiment
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was based on Uniprot’s information about its auto-modification activity and its yield after
purification. We selected 3 Tyrosine specific kinases (EPHB3, EPHB2, FGFR1) and 3
Threonine/Serine specific kinases (KCC2D, STK24, GAK). Reaction tables can be found in
the appendix [Figure A2 and A3]. We stopped the reactions by adding 8 ul SDS-sample buffer
and boiling them at 95°C for 2 min. Samples were loaded to Invitrogen Nu-Page 4-12% gels
(10-17 wells).

For the wet transfer, we prepare transfer buffer (0,03% (w/v) Trizma, 0,144% (w/v) Glycine
and 10% (v/v) methanol). We used PVDF membranes activated in 100% methanol for a few
seconds. The gel and membrane were soaked in the transfer buffer for 10min. We used the
Invitrogen chamber System using two properly soaked sponges and two filter papers on each
site. The electroblotting was performed by running the NuPage Blot program: 60min, 25V,
17W, 160mA. After transfer, the membranes were stained with Ponceau S solution for 5min,
washed with water and imaged. TBST was used for distaining for 5 min and then the
membranes were blocked with 1% BSA in TBS-T for 25 min.

The primary antibodies (AB) used, Anti-p-Thr Antibody (H-2): sc-5267, Anti-p-Tyr Antibody
(PY99): sc-7020 and Anti-p-Ser/Phosphoserine Antibody (16B4): sc-81514, were bought from
Santa Cruz Biotechnology. We diluted them 1:200 in TBS-T with 1% BSA following the
provider protocol to a final volume of 10 ml. The membranes were placed in sealed bags with
the AB and incubated the membrane overnight at 4°C shacking. After washing 3 times for 5-10
minutes the membranes were incubated with a dilution 1:5000 of HRP-fused Anti-Mouse IgG
(H+L) (Invitrogen 62-6520) in TBST- 1% BSA according to the provider’s recommendation.
Again, the membranes were placed in sealed bags with the AB and incubated the membrane at
room temperature for 1 hour. For membrane development we used SuperSignal West Pico
PLUS Chemiluminescent Substrate (ref 34577) from Bio-Rad in a 1:1 dilution and imaged the
membranes using BIORAD ChemiDoc Imaging System.

Trans-phosphorylation activity assay with selected kinases and PARP16

The principle of the assay is the same as in the auto-phosphorylation assay described above.
The protocol is based on western blotting and activity detection by using primary and secondary
antibodies. Although, the reaction set up differed. We perform this assay only using Reaction
buffer A, since no major differences were found in the previous experiment. The 20 ul aliquots

contained 10 mM of PARP16 in addition to everything stated in the previous experiment. In
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this case, the assay was performed with 5 Tyr kinases (EPHB3, EPHB2, FGFR1, ABL1 and
CSK) and 7 Thr/Ser kinases (KCC2D, STK24, GAK, KCC1G, CDK16, HASP and PMTY1).
We also set up 2 controls for each reaction: 1) with 200 mM EDTA and no ATP as a negative
control; 2) with ATP but no PARP16 as a positive control. The reactions were incubated for 2
hours at 37°C and 210 rpm, then stopped with 8 ul of SDS-sample buffer and boiled for 2 min
at 95°C. Samples were stored at -20°C. Reaction tables can be found in the appendix [Figure
A4 and A5].

The samples were run in the BIORAD Stain Free SDS-PAGE gel system and we used its
specific ladders, Precision Plus All Protein ladder and Precision Plus Protein Western C ladder.

The Western Blot procedure was followed as for the auto-modification assay.

We used Image Lab Software for membrane and gel quantification. Every time the PARP16
control was used as reference and we normalized the data against the loading control. The

results obtained were plotted in excel.
ADP-ribosylation activity assay with selected kinases and PARP16

Lastly, we designed an experiment to determine PARP16 activity over time and the effects of
the potential pre-phosphorylation by selected kinases. Again, the method used is Western
Blotting, however, for this assay we used Streptavidin-HRP which is not an antibody but a
protein that binds strongly and specifically to biotin. We added biotin-NAD that will produce
biotin-ADPr which can then be detected by Strep-HRP. The reaction set up was more complex
than previous experiments. Firstly, we prepared phosphorylation reactions containing 10 uM
PARP16, 3-4 uM Kinase and 200 pM ATP. These reactions were incubated at 37°C and 210
rpm for 30 min. Meanwhile, we prepared a 100 pl reaction only containing 10 uM PARP16.
After the incubation period, we set up ADP-ribosylation reactions by adding 200 uM of NAD-
mix containing 10% biotin-NAD+ in NAD+ and incubating the reactions at 37°C and 210 rpm
for 4 hours. Throughout that time, we took 20 pl aliquots from the PARP16 reaction at different
time points (0, 0,5, 1, 2, 3 and 4 hours). The reactions were stopped with 8 pl of SDS-sample
buffer and boiled for 2 min at 95°C after 4hours

The Western Blot was performed using the BIORAD Stain Free SDS-PAGE gel system and we
used its specific ladders, Precision Plus All Protein ladder and Precision Plus Protein Western

C ladder. The gels were run for 45 min at 200 volt and 120 mA. The protocol, after that, was
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identical to the two previous assays, until incubation with primary AB. In this case the
membranes were incubated for 1 hour with 0,5 mg/ml Streptavidin- HPR in 1%BSA in TBST.
Membrane development was performed with SuperSignal West Pico PLUS Chemiluminescent
Substrate (ref 34577) from Bio-Rad in a 1:1 dilution and the membrane imaging by using
BIORAD ChemiDoc Imaging System.

We used Image Lab Software for membrane and gel quantification. Every time the PARP16
control at time point 0 was used as reference and we normalize the data against the loading

control. The results obtained were plotted in excel.
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3 Results and discussions

Successful transformation of pPRARE3 competent cells

There are different ways to transform competent cells. We opted for a co-transformation
protocol, aiming for a fast and effective method to obtain transformants. We used double
resistance plates to ensure that our transformants would co-express, as earlier stated, the kinases
and phosphatases. This step was critical since the kinases and phosphatases are encoded on
different plasmids. Once we optimized the protocol, we found the co-transformation to be
successful and reproducible. Plates had between 2 and over 100 transformants after overnight
incubation at 37°C.

Kinase expression and purification tests show signs of phosphatase contamination

After inducting with IPTG and spinning down the cells, the pellets were weighted to determine
the cellular mass. The pellets were in a range of 0,8-1 g, which were the results expected

according to the amount of culture incubated (50ml).

The purification of the kinases began after lysing the cells. Our aim was to obtain the protein
of interest in a soluble, active and pure state. Initially, we tried a protein isolation procedure
based only on the affinity of the His-Tag attached to the kinases to the Ni-NTA beads. The
principle of this method was to incubate the soluble fraction with Ni-NTA beads, wash off the
unbound proteins and elute the His-tagged kinases. This elution step was performed by adding
Laemmli buffer and boiling at 95°C. Applying this protocol, we tested 10 YopH compatible
Tyr-Kinases. However, the gel analysis showed that all tested kinases are insoluble as the
corresponding overexpression bands can be found in the pellet aliquot [figure 2]. To determine
whether the bands corresponded to our kinases, we used Uniprot and Expasy to calculate the
approximate molecular weight of each construct. It is important to point out that in figure 2B it
is possible to see overexpressed bands also in the elution aliquot for CSK. Considering all the
results, we concluded that we needed to optimize the lysis procedure. Also, we can already see
that YopH has a very similar molecular weight to the kinases, which will add complexity to the

result analysis.
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Figure 2: Purification of YopH compatible kinases using NI-NTA beads and elution with Laemmli buffer.

A) SDS-PAGE gel from FES, MERTK, EPHA3, EPHB2 and FGFR3. B) SDS-PAGE gel from SRC,
ABL1, CSK, EPHB1 and FGFRL. P (pellet), U (Unbound) and E (elution). In both images the red asterisk

corresponds to the overexpressed band. YopH molecular weight is pointed out with a black arrow.
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Since an overexpression band was seen for CSK in the elution aliquot, we used this protein for
the following experiment. We designed a second protocol aiming to optimize and avoid the
issues encountered earlier. In this case, we slightly altered the contents of the lysis buffer in
order to obtain proper lysates and we tried to isolate the kinase from the phosphatase at the
plating stage. To isolate the phosphatase, we cotransformed pRARE3 cells with the plasmid
containing YopH and incubated it in single resistance plates. This experiment was designed to
determine whether the purified kinases were contaminated by YopH, as we did not know the
exact mobility shift in gel electrophoresis. Therefore, we tested CSK and CSK+YopH in
parallel. Also, a few changes were made to the purification protocol. We added a TEV-Cleavage
step and the final elution was done with a buffer containing imidazole. This step was
implemented because we could asses phosphatase contamination in figure 3 and according to
the Albanese at al [9], cleavage with TEV protease minimized phosphatase contamination in
the resulting eluate because it does not cause the elution of phosphatases due to their substantial
affinity for the nickel beads. The SDS-PAGE gel was imaged and it was possible to observe
overexpression bands corresponding to the S (supernatant), U (Unbound), and e2 (elution 2)
fractions, 3 of the 4 soluble fractions loaded [Figure 3]. The cleavage with TEV was not
successful and instead the overexpressed protein eluted with the addition of imidazole in elution
2 (e2). Although, the samples did not appear to have many differences in the bands, when

theoretically we expected to have different protein contents after plate isolation of CSK. In
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addition, the molecular weights of YopH and CSK are very similar therefore we see overlapping
bands which complicate the analysis of the results.

CSK CSK+YopH
P S U E1LE2 P S U E1 E2

198 -
98
62
49 1
38

r YopH

28 L CSK

174
14 -

Figure 3: Purification of CSK and CSK + YopH through the TEV cleaveage and 1 elution step method. P (pellet), S
(supernatant), U (Unbound), E1 (elution 1; TEV-cleavage) and E2 (elution 2; imidazole). The red asterisk corresponds to
the most intense overexpression band of each sample. The molecular weights of YopH and CSK are pointed out with a
black arrow. The cleaved His-Tag is marked with a red circle.

After all, the TEV-cleavage protocol did not result in uncontaminated kinase eluate which was
our main aim to then proceed onto activity assays. Therefore, we developed a purification
method based on a 2-step elution protocol using 2 buffers with an increasing concentration of
imidazole. For this experiment we used 4 of the previously tested Tyr-kinases: EPHA3, EPHB2,
ABL1, FGFR1. Figures 4A and 4B show the purification results of this method. The proteins
were overexpressed in a soluble state and were eluted at the lowest concentration of imidazole.
Yet, we could observe a double band for this aliquot which indicated phosphatase
contamination of the sample. In order to determine if that band corresponded to YopH, another
gel was run with a new purified sample of YopH, that was obtained following the 2-step elution
protocol, and elution 1 from each purified kinase [Figure 4C]. As predicted, based on the
mobility shift in SDS-Page, we concluded that the second band belonged to YopH. These results

were very important and to be taken into account for the following activity assays performed.
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EPHA3 EPHB2 ABL1 FGFR1
A P S U E1E2 P S U E1E2 P S U E1E2P S U E1E2

Figure 4: 2 step elution purification protocol of 4 YopH compatible kinases: EPHA3, EPHB2, ABL1 and FGFRL1.
A) SDS-PAGE gel from EPHA3 and EPHB2. B) SDS-PAGE gel from ABL1 and FGFR1. C) SDS-PAGE gel from
YopH purification compared with the fraction el from the 4 tested kinases. P (pellet), S (supernatant), U (Unbound),
E1 (elution 1, conc. imidazole) and E2 (elution 2, conc. imidazole). The red asterisk corresponds to every kinase

overexpression band. The red circle marks the YopH overexpression band.

The plasmid library also contained another set of coupled phosphatases and kinases, the
Lambda compatible Ser/Thr- kinases, which were also expressed and purified. Since we had
already optimized the purification protocol, we only performed the 2-step elution purification
protocol. The results displayed in figure 5 were very similar to the ones obtained for the
previous kinases. We could observe overexpression bands in soluble state, all corresponding to
el, but still signs of phosphatase contamination. In this case it is remarkable that the molecular
weight of Lambda differs greatly from its compatible kinases, which made it easier to analyze
the results. Also, we could asses a lower band intensity which indicates a lower protein yield.

This is important for the reaction set up in the future activity assays.
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A CDK16 GAK PMYT1
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B Kcc2D Kcc1G C HASP STK24
P~ S U E1E2 P S U EL
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-
-

‘& Lambda & Lambda

Figure 5: 2 step elution purification protocol of 8 Lambda compatible kinases: CDK16, GAK, PMYT1, KCC2D,
KCC1G, HASP and STK24. A) SDS-PAGE gel from CDK16, GAK and PMYT. B) SDS-PAGE gel from, KCC2D and
KCC1G. C) SDS-PAGE gel from HASP and STK24. P (pellet), S (supernatant), U (Unbound), E1 (elution 1, conc.
imidazole) and E2 (elution 2, conc. imidazole). The red asterisk corresponds to every kinase overexpression band. The

molecular weight of Lambda is pointed out with a black arrow.

Selected kinases display automodification activity

Before testing the trans-modification of PARP16 by the kinases, we wanted to assess their
kinase activity via auto-modification experiments, and optimize the read-out conditions for
phosphorylation activity. In order to design the assays, we researched in Uniprot database which
of them had autophosphorylation activity. According to that information and the concentration
of our sample we selected 3 Tyr-kinases and 3 Ser/Thr-kinases to test their automodification
activity. The selected kinases were EPHA3, EPHB2, FGR1, KCC2D, STK24 and GAK. Each
kinase was tested twice with a different buffer to determine optimal activity conditions. We
loaded the reactions on gels, performed western blotting and visualized specific
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phosphorylation with specific antibodies. The developed membranes are shown in figure 6 next

to its corresponding SDS-PAGE gel image.

Tyr-kinases, as previously mentioned, had a higher concentration which allowed us to use
10uM kinase per reaction whereas for the Ser/Thr- kinases we had to use only 4uM, except for
GAK that we were able to use 10pM. This is significant when comparing the band intensity of
the gel and membranes due to the commensurability between concentration and activity. In
figure 6A we can see that there is a great specificity of the Tyr-Kinases and its primary antibody,
allowing a clear identification of automodification activity of the proteins. All of the 3 kinases
display autophosphorylation activity with EPHAS3 being the one with the lowest activity. On
the other hand, figure 6B corresponds to Ser/Thr- kinases gel and membranes. To determine
the activity of these proteins and the antibody specificity we incubated the membrane with 2
different phospho-specific primary antibodies: p-Thr and p-Ser. Although the antibodies have
specificity towards phosphorylation, this assay showed that the automodification activity can
only be determined when using the p-Ser antibody. These results suggest that our kinases only
phosphorylate serine residues. The 3 proteins tested displayed activity, however GAK presents
a single activity band when using p-Thr AB and a double activity band when using p-Ser AB,
which is not well understood. One explanation could be that GAK is also able to phosphorylate
the serines and threonines in Lambda and, since the samples were contaminated, we can detect

activity at the molecular weight of Lambda.
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Figure 6: Automodification assay of the purified kinases and antibody specificity determination. A) Ponceau-stained
and developed membrane from Tyr-Kinases. B) Ponceau-stained and developed membrane from Ser/Thr-Kinases.
The ladder used was SeeBlue Prestained from Invitrogen. The red boxes identify the visible bands in the imaged

gels. The primary antibody used is written down underneath each developed membrane.
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To test whether putative phosphatase activities were inhibited in the presence of phosphate ions,
we compared reaction conditions by using two buffers: a phosphate buffer and a Hepes buffer.
Nevertheless, the results of the reactions in presence or absence of phosphate did not vary.
Therefore, for simplicity we designed the remaining phosphorylation assays using the Hepes
buffer.

PARP16 is phosphorylated by selected kinases

Once autophosphorylation activity had been positively tested, we started investigating whether
our selected kinases could also phosphorylate our target protein, PARP16. Experiments were
run for both Tyr-kinases and Ser/Thr-kinases. Nonetheless, we only have conclusive and proper
results for Ser/Thr-Kinases due to issues with gel running and membrane development with the
other kinases.

The activity signals detected in the membranes differed from our initial predictions. Based on
previous knowledge and research we expected to detect activity only from the samples
containing kinase, PARP16 and ATP and the sample containing kinase and ATP of each of the
7 tested kinases [Figure 7]. Instead, we found phosphorylation in every sample in which
PARP16 was present: PARP16 control, PARP16+kinase+ATP and PARP16+kinase+EDTA.
The highest intensity band always corresponded to PARP16 molecular weight indicating that it
had been phosphorylated. These results suggest that the sample of PARP16 worked with has a
previous phosphorylation in its molecule prior to our phosphorylation assay. Probably it was
phosphorylated during expression in E. coli. Another possible explanation is that the antibodies

worked with also present specificity towards PARP16.
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Figure 7: Activity assay of the Lambda compatible kinases on PARP16. A) SDS-PAGE gel and developed
membranes from KCC2D, STK24 and GAK. B) SDS-PAGE gel and developed membranes from KCC1G, CDK16,
HASP and PMTY1. The gels are Stain free from BIORAD and the ladder is the Precision Plus All Protein ladder
Sample content: P = PAR16+ATP; A = kinase + P16 + ATP; B= kinase + P16 + EDTA,; and C = kinase + ATP.
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To determine whether our selected kinases phosphorylate PARP16 in vitro, in addition to
possible pre-phosphorylation, we used Image Lab software to quantify the relative intensity of
each band using the PARP16+ATP band as reference. We did this procedure with each
membrane to normalize it according to the loading control. We compared the band intensity
from the samples containing PARP16+kinase+ATP and PARP16+kinase+EDTA. Figure 8
shows the data represented in a column graph.

+ ATP
A B +epTA
X X
3 ] g 3
PARP16 KCC1G + PARP16 CDK16 + PARP16 HASP +PARP16
+ ATP
Il +EDTA
® £
5 B 3 I S 5

PARP16 PMTY1+PARP16 KCC2D+PARP16 STK24+PARP16 GAK+PARP16

Figure 8: Quantification and normalization of the activity assay of the Lambda compatible kinases on PARP16 using
Image Lab Software. The sample containing PARP16 and ATP was used as reference. A) Quantification of the SDS-
PAGE gel and developed membranes from KCC2D, STK24 and GAK. B) Quantification of the SDS-PAGE gel and
developed membranes from KCC1G, CDK16, HASP and PMTY1.
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After analyzing the normalized relative values, we can observe an increasing tendency on the
phosphorylation activity when ATP is added to the reaction. But the results are inconsistent and
inconclusive, as in some kinases the trend is reversed. In general, more residues of our target
protein are modified when kinases and ATP are present because one of the phosphates of ATP

Is transferred by the kinase to PARP16 during phosphorylation.

Phosphorylation of PARP16 has a direct effect on its ADP-Ribosylation activity

The purpose of designing this assay was to, after all, investigate the evolution of the ADP-
ribosylation activity of PARP16 in a period of 4 hours and how the presence of selected kinases
affects it. We compare the ADP-ribosylation activity of different samples of PARP16 incubated
with and without kinases and induced with a mixture of 10% biotin-NAD in NAD. The
experiment set up consisted of an initial 30 min incubation of PARP16 with the kinases in a
phosphate buffer with ATP. This step allowed the kinases to phosphorylate PARP16 in order
to see if this modification affects the activity of PARP16. In parallel, we prepared a sample
containing PARP16 without ATP or kinases. Next, we added NAD mix to each sample and
incubated them for 4 hours. In the meantime, we took aliquots from the reaction containing
PARP16 without kinases at different time points to see the evolution of the ADP-ribosylation.
After 4 hours, all the reactions were stopped by adding Laemmli buffer and heating at 95°C.
We loaded the reactions on gels, performed western blotting and visualized the ADP-

ribosylation with Streptavidin-HRP.

In figure 9 we can clearly see that all of the samples present ADP-ribosylation activity. The
aliquots from the time point obtained from the reaction containing PARP16 without kinases
seem to follow an increasing tendency of activity with time. On the other hand, when PARP16
was previously incubated with the kinases we can appreciate alterations on the ADP-
ribosylation activity. For further analysis of the intensity variation of the bands a quantification
analysis was required. In addition, this assay was replicated to reassure the veracity of the data

extracted from it.
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Figure 9: ADP-ribosylation assay of PARP16 without kinases over time and incubated with kinases at time point 4
hours. A) SDS-PAGE gel before transfer from the first assay. B) Developed membrane from the first assay. C) SDS-
PAGE gel before transfer from the second assay. D) Developed membrane from the second assay. The gels are Stain
free from BIORAD and the ladder is the Precision Plus All Protein ladder.

The analysis of the quantification was done by the same principle as the previous
phosphorylation activity assay. We used as reference the time point 0 hours of the reaction
containing PARP16 without kinase incubation and we normalized the values with the loading
gel. A gradual increase of the activity of PARP16 can be seen by looking at the column graphs
of figure 10. When PARP16 is previously incubated with the kinases, we can clearly see a
change in its auto-ADP-ribosylation activity. These results then demonstrate that
phosphorylation by kinases can intervene with and modify the activity of our target protein,
PARP16. Comparing the quantification of the duplicates, it appears that phosphorylation tends
to decrease the ADP-ribosylation activity of PARP16. However, the amounts of reduction of
the activity by phosphorylation are not consistent.
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Figure 10: Quantification and normalization of the ADP-ribosylation of PARP16 without kinases over time and

incubated with kinases at time point 4 hours. A) First assay quantification B) Second assay quantification.
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4 Conclusions

In conclusion, we were able to co-transform and express 17 kinases. The purification protocol
requires further optimization in order to obtain purified kinase samples without phosphatase
contamination. However, the kinase activity tests showed positive results and suggested that
the proteins displayed auto and trans phosphorylation activity. Also, we observed signs of
previous phosphorylation in PARP16. These results were decisive for the activity assays of
PARP16. Lastly, ADP-ribosylation activity tests with PARP16 indicate that the presence of
phosphorylated residues by kinases in PARP16 have a direct effect in its activity.
Phosphorylation, by any kinase, on our target protein led to a reduction of the activity in more
than a 30% average. It is of great relevance PARP16 is a substrate of IRE1la and PERK in the
UPR, and these proteins are, as previously mentioned, Ser/Thr-kinases [7]. These findings
suggest that the ADP-ribosylation activity of PARP16 in vivo might be reduced as well.
Therefore, further investigation in this field can be key for understanding this biological

mechanism and how to modify it in order to understand better the UPR.
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3) Future aspects

In pursuance of greater knowledge of this biological event it would be of interest to optimize
protein expression and purification of the kinases. It would also be of use to repeat the auto and
trans phosphorylation activity assays to obtain more conclusive results using a non-
phosphorylated PARP16 sample. These assays would allow us to determinate the activity
potential of the kinases and what residues are modified by them by mass spectrometry. It would
be important to discover if the phosphorylation lies in the active site or on residues that are
target for automodification. Unphosphorylated PARP16 may be obtained by incubation with
phosphatases. Lastly, further experiments with IRE1a and PERK which are not included in the
kinase library would be critical to address the biological reactions and mechanism occurring in

vivo. We are already working on cloning and expression assays of those kinases.
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7 Appendix

MOLECULAR COMPATIBLE MOLECULAR
FHOSEHATASES WEIGHT (Da) KINASES WEIGHT (Da)
FES

45357,90

MERKT 36774,37

EPHA3 41221,06

EPHB2 36032,10

- 344579 FGFR3 37924,56
SRC 35220,30

ABLL1 35730,67

CSK 32600,42

EPHBI 36293,42

FGFRI 37694,21

KCCIG 33014,09

KCC2D 32609,09

HASP 41116,92

Lambda 25218,77 STK24 33445,22
CDK16 39070,72

GAK 37134,28

PMYTI 34259,84

Figure Al: Table of the molecular weight of the different phosphatases and kinases worked with.
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mg/ml MW nM KM mM
EPHA3 0,974 41221 23628,73 23,63 -
EPHB2 0,748 36032 20759,33 20,76 -
FGFR1 0,878 37694 23292,83 23,29 -
KCC2D 0,185 32609 5673,28 5,67 -
STK24 0,278 31500 8825,397 8,83 -
GAK 0,529 25800 20503,88 20,50 -
ATP (50x) - - - 500000 500
EDTA (50x) - - - 500000 500
MgCI2 (1/10) - - - 100000 | 100
phosSTOP unknown [unknown

Figure A2: Table of the stock concentrations from the different

KINASE ATP (1/100) 10x Buffer A phosSTOP | Total valume
M wul uM ul ul ul ul ul
Al EPHA3 10 8,46 200 0,80 2,00 6,74 2,00 20,00
A2 EPHB2 10 9,63 200 0,80 2,00 5,57 2,00 20,00
A3 FGFR1 10 8,59 200 0,80 2,00 6,61 2,00 20,00
Ad KCC2D 4 14,10 200 0,80 2,00 1,10 2,00 20,00
A5 STK24 4 9,06 200 0,80 2,00 6,14 2,00 20,00
Ab GAK 10 9,75 200 0,80 2,00 5,45 2,00 20,00

KINASE ATP (1/100) 10x buffer B H20 MgCI2 (1/10) | phosSTOP | Total volume
M ul uM ul ul ul ul ul ul
B1 EPHA3 10 8,46 200 0,80 2,00 6,54 0,20 2,00 20,00
B2 EPHB2 10 9,63 200 0,80 2,00 5,37 0,20 2,00 20,00
B3 FGFR1 10 8,59 200 0,80 2,00 6,41 0,20 2,00 20,00
B4 KCC2D 4 14,10 [ 200 0,80 2,00 0,90 0,20 2,00 20,00
B5 STK24 4 9,06 200 0,80 2,00 5,94 0,20 2,00 20,00
B6 GAK 10 9,75 200 0,80 2,00 5,25 0,20 2,00 20,00

Figure A3: Reaction set-up for the autophosphorylation assays.
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CONCI?I;II-'I('}RCAKHONS me/ml | MW nM M mM
KCC1G 0,231 |33014,09| 6997,012 7,00 -
CDK16 0,334 ([39070,72| 8548,601 8,55 -
HASP 0,199 |41116,92| 4839,857 4,84 -
PMTY1 0,477 |[41116,92| 11601,06 11,60 -
KCC2D 0,185 32609 5673,28 5,67 -
STK24 0,278 31500 | 8825,397 8,83 -

GAK 0,529 25800 20503,88 20,50 -
ATP (50x) - - - 500000 500
EDTA (50x) - - - 500000 500
phosSTOP - - - unknown [unknown

PARP16 - - - 482

Figure A4: Table of the stock concentrations from the different

ACTIVITY ON PARP16 OF KINASE ATP (1/100) EDTA (1/100) 10x Buffer A H20 PARP16 phosSTOP | Total volume
SER/THR KINASES
uM pl uM pl pm pl pl ul uM pl pl pl
KCC1G+PARP16+ATP 4 11,43 200 0,80 200 - 2 3,35 10 0,41 2 20
CDK16+PARP16+ATP 4 9,36 200 0,80 200 - 2 5,43 10 0,41 2 20
HASP+PARP16+ATP B 12,40 200 0,80 200 - 2 2,39 10 0,41 2 20
PMTY1+PARP16+ATP 4 6,90 200 0,80 200 - 2 7,89 10 0,41 2 20
KCC2D+PARP16+ATP 4 14,10 200 0,80 200 - 2 0,68 10 0,41 2 20
STK24+PARP16+ATP 4 9,06 200 0,80 200 - 2 5,72 10 0,41 2 20
GAK+PARP16+ATP 4 3,90 200 0,80 200 - 2 10,88 10 0,41 2 20
KCC1G+PARP16+EDTA 4 11,43 200 - 200 0,80 2 3,35 10 0,41 2 20
CDK16+PARP16+EDTA 4 9,36 200 - 200 0,80 2 5,43 10 0,41 2 20
HASP+PARP16+EDTA 3 12,40 200 - 200 0,80 2 2,39 10 0,41 2 20
PMTY1+PARP16+EDTA 4 6,90 200 - 200 0,80 2 7,89 10 0,41 2 20
KCC2D+PARP16+EDTA 4 14,10 200 - 200 0,80 2 0,68 10 0,41 2 20
STK24+PARP16+EDTA 4 9,06 200 - 200 0,80 2 5,72 10 0,41 2 20
GAK+PARP16+EDTA 4 3,90 200 - 200 0,80 2 10,88 10 0,41 2 20
KCC1G+ATP 4 11,43 200 0,80 200 - 2 5,35 10 - 2 20
CDK16+ ATP 4 9,36 200 0,80 200 - 2 25,43 10 - 2 20
HASP+ ATP 3 12,40 200 0,80 200 - 2 4,39 10 - 2 20
PMTY1+ATP 4 6,90 200 0,80 200 - 2 9,89 10 - 2 20
KCC2D+ ATP 4 14,10 200 0,80 200 - 2 2,00 10 - 2 20
STK24+ATP 4 9,06 200 0,80 200 - 2 7,72 10 - 2 20
GAK+ ATP 4 3,90 200 0,80 200 - 2 12,88 10 - 2 20
P16+ATP - - 200 4,00 200 - 10 73,93 10 2,07 10 100
Figure A5: Reaction set-up for the transphosphorylation assays.
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mg/ml MwW nM uM mM
PARP16 - - 482 - -
HASP 0,199 141116,92 |4839,856682 4,84 -
STK24 0,278 31500 (8825,396825 8,83 -
EPHB2 0,748 36032 ([20759,32504] 20,76 -
FGFR1 0,878 37694 (23292,83175 23,29 -
NAD - - - 10000,00 10
biotin-NAD - - - 250,00 -
NADl;irgi’i‘n()m% - - - 2000,00 | 2
phosSTOP - - - unknown [unknown
ATP (50x) - - - 500000 500
MgCl2 (1/10) - - - 100000 | 100

Figure A6: Table of the stock concentrations from the different

PARP16 10x Buffer B | MgCl (1/100) PHOSstop H20 control
uM ul ul ul ul ul ul
1 PARP16 CONTROL 10 4,15 20,00 2,00 20,00 133,85 180,00
PARP16 KINASE ATP (1/100) | 10 ?;'ﬁer Mgcl (1/10) | PHOSstop | H20 control
uM ul uM ul ul ul ul ul ul ul
2| PARP16 + HASP 10 0,41 3 12,40 0,80 2,00 0,20 2,00 0,19 18,00
3| PARP16 +STK24 | 10 0,41 4 9,06 0,80 2,00 0,20 2,00 3,52 18,00
4| PARP16 + FGFR1 10 0,41 4 3,85 0,80 2,00 0,20 2,00 8,73 18,00
5| PARP16 + EPHB2 10 0,41 4 3,43 0,80 2,00 0,20 2,00 9,15 18,00
NAD-mix
uM ul
1 PARP16 CONTROL 200 20,00
2 PARP16 + HASP 200 2,00
3 PARP16 + STK24 200 2,00
4 PARP16 + FGFR1 200 2,00
5 PARP16 + EPHB2 200 2,00

Figure A7: Reaction set-up for the ADP-ribosylation assays.
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