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ABSTRACT

Poly (ADP-ribose) polymerases, PARPs, are comprised of a family of 17 human enzymes that
share a conserved catalytic domain that transfers ADP-ribose from nicotinamide adenine
dinucleotide (NAD+) to target proteins. While significant proteomic-based efforts in the field
have uncovered a host of potential targets for each of the various active PARP enzymes, an
outstanding question remains as to what extent proximal versus distal interactions with the
protein substrates govern target selection. In this work, we describe the use of tandem mass
spectrometry to identify specific residues that are auto-modified in both PARP14 and PARP15 as
well as their preferred modification sites on their shared target, PARP13. Peptide fragment
screening of these potential proximal sites was performed using TLC-MALDI-TOF to isolate the
minimal proximal motifs required for PARP family member-specific labeling. From these efforts,
we identified a 6 amino-acid fragment of a PARP14 specific peptide target that retains selective
modification. We further describe the chemical modification of this peptide to derive
biomimetics that aims to selectively inhibit individual PARP family members specifically

PARP14.
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P14 Activity P15 Activity
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P14i7 ( ] ++ N.D.

P14i8 E N.D. N.D.
P14i9 = + N.D.

Figure 10: Deletion Analysis



CHAPTER 5: EXPECTED RESULTS

Firstly, we had to verify that our compound has clicked correctly. In order to do that we used
MALDI-TOF. We would first plate our peptide alone and shoot that to see what mass we should
be compared to. And then we plated our clicked compound and then shot that on the
MALDI-TOF to see if there was a shift in the mass. If there was, then we know that our inhibitor
ligand had been clicked onto our peptide.

In order to verify the inhibitory activity of our clicked compound, we ran a biochemical
assay. This would start by putting our inhibitor, PARP14, and NAD+ together and running an
enzymatic reaction. With that reacted mixture, we would run sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE). This would separate the proteins in the
mixture by molecular weight. With this, we would cut out the portion of the gel that we would
want to view which would be around 45 kD which is the size of PARP14. The cut-out gel would
then be semi-dry transferred onto nitrocellulose, and we would perform a Western blot protocol
using an anti-ADP-ribose antibody. This would allow us to view the ADP-ribosylation occurring
after the addition of our inhibitor. We also run this protocol with PARP15 to ensure that this
inhibition of ADP-ribosylation would occur only with PARP14 and not PARP15.
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CHAPTER 6: A BACK-UP PLAN

We plan on trying to click the peptide onto our inhibit ligand at different angles, hoping to
increase the specificity and inhibition towards PARP14. Because it is not known exactly how
ADP-ribose binds to PARP14, it is hard to predict whether or not the geometric angle matters.
Additionally, we plan on increasing the length of the linker. Perhaps, there needs to be more
space between the inhibitor ligand and peptide in order for it to bind correctly to PARP14. We

hope to try all these different combinations until we get an effective and specific inhibitor.

20



CHAPTER 7: METHODS AND MATERIALS

Matrix-assisted laser desorption/ionization-time of flight peptide identification

The peptides were derived using high-throughput tandem mass spectroscopy (MS/MS). Through
MS/MS, the exact sites of ADP-ribose (ADPr) modification could be determined. After
determining the peptide fragments with the most labeled sites, the peptide was tested on
Matrix-Assisted Laser Desorption/lonization-Time Of Flight (MALDI-TOF) to observe the
selectivity of the peptide between poly(ADP-ribose) polymerase (PARP) 14 and 15. Each peptide
was tested with PARP14 and 15 on thin-layer chromatography (TLC) MALDI-TOF. The shortest
length peptide with specific recognition from only PARP14 was chosen to do click chemistry in

order to create the inhibitor.

Click chemistry techniques

In order to make the inhibitory, click chemistry techniques were used. The chosen inhibitor with
an alkyne attached was placed in an Eppendorf with the click buffer at a 1:1 ratio. The click
buffer contains 10 mM of tris(benzyl-triazolyl methyl) amine, 50 mM of copper sulfate, 50 mM
of sodium ascorbate, and 50 mM of inhibitor ligand. There were three different inhibitor ligands
tested: 3-amino-benzamide, 4-amino-benzamide, and 3-alkyl benzamide. This mixture sat at
room temperature overnight. The next day, a part of the mixture was tested on TLC
MALDI-TOF to verify that the reaction worked. The mixture was then run through

high-performance liquid chromatography (HPLC) to purify the clicked compound for testing.

Inhibitor assays

To test the inhibition of the clicked compound, a biochemical assay was performed to test the
ADP-ribosylation activity after the compound was introduced. To perform this assay, the protein
of interest was placed with the clicked compound and incubated for 30 minutes at 30 degrees C
with nicotinamide adenine dinucleotide. The reaction was quenched with 0.5 M tris-HCI, SDS,

glycerol, 0.1 M EDTA, bromophenol blue, and 2-mercaptoethanol.
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Sodium dodecyl sulfate polyacrylamide gel electrophoresis and protein transfer

The quenched reaction was loaded into a 15% sodium dodecyl sulfate polyacrylamide
(SDS-PAGE) gel. The gel ran for 40 minutes at 200 volts. The gel was removed from the glass
plate and placed into tris, glycine, 10% SDS, and 20% ethanol. After 10 minutes, the gel is
removed and placed on a piece of nitrocellulose for a semi-dry transfer. The transfer occurs for

15 minutes at 25 volts.

Immunoblotting

Once the transfer is complete, the blot is placed into a 2% milk solution containing tris-buffered
saline solution with 0.1% tween (TBST). This blocks for 30 minutes. The blocking solution is
then removed, and the blot is quickly rinsed three times with TBST. The primary antibody, a
1:5000 anti-ADPr antibody dilution, is then added on top of the blot. This binds for 30 minutes.
Three washes of TBST occur after removing the primary antibody. The secondary antibody is
then added to the blot. This consists of an anti-goat-rabbit antibody that binds to the anti-ADPr
antibody in a 2% milk in TBST solution. This binds for 30 minutes. After removing the
secondary antibody, another three washes of TBST occur. After this, the blot is dried and west
pico chemiluminescent is added to the top of the blot. This incubates at room temperature for 5

minutes and then dried off for imaging.
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CHAPTER 8: RESULTS

The experiment that was run to obtain our results was an inhibitor assay. This experiment is to
measure how much protein activity is retained when introduced to an inhibitor. After the
inhibitor assay, we placed the samples into a 13% SDS-PAGE gel which separates all the
proteins in the sample by size. Then the gel is transferred to a nitrocellulose paper on which a
western blot immunoblotting is performed. After this experimentation, we captured the results of
the experiment by taking an ultraviolet image of the results.

Our results based on our experimentation can be summarized in this final western blot.
The two chemical compounds at the top of Figure 11 3-propargyl-benzamide azidolysine peptide
and 3-azido-benzamide propargylglycine peptide are our lab generated compounds using click
chemistry. They are similar in structure with the difference being the linker between the
3-propargyl-benzamide azidolysine peptide is shorter between the peptide and the known
inhibitor when compared to the 3-azido-benzamide propargylglycine peptide.

The amount of that compound within this experiment is qualitatively represented by the
gradient which ranges the inhibitor concentration from 0 uM to 1 mM. The black line describes
how much of the protein, PARP14 or PARP1S5, is active. The darker the line the more protein
activity. When the inhibitor concentration is low there is high protein activity and when there is

no dark line at all there is little to no protein activity.
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Figure 11: Western Blot
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CHAPTER 9: DISCUSSION

The results of this discovery show that our compound decreases the amount of protein activity in
PARP14 by inhibiting its ability to perform ADP-ribosylation. This was the primary goal of the
inhibitor as without the diminishing of protein activity the compound would not be functional.
However, the compound also had a strong inhibitory function against PARP15 as well. The
compound is not specific only to PARP14 which means that it could potentially impact many
cellular functions in the body. However, it is only known that it inhibits PARP15. Other members
of the PARP family should be tested to see how pervasive the inhibition is and if there is any
efficacy in our compound. The experimentation should begin with PARPI as it is the most
studied protein in the family and is also the most active in the body.

The specificity of the inhibitor is a factor that needs to be improved before this drug can
continue to progress. Many factors of the design can be improved upon in order to achieve this
result. The underlying goal of these methodologies is to change the way the compound interacts
with PARP14 in order to fit specifically into the active site of the protein while not interacting
with the active site of PARP15. The first way in which the compound could be modified is that
the site in which the known inhibitor is merged with the peptide can be changed in order to
change the orientation of the molecule. In addition, the length of the linker between the known
inhibitor and the peptide and this length can be further increased. Further, a different length
peptide could be used. Through our deletion analysis, a 6 amino acid length peptide was used. A
longer peptide could be used in the compound in order to gain more specificity in the inhibitor.
Finally, the known inhibitor used was a compound similar to nicotinamide. A compound similar
to ADP would be more suitable since that is the compound that PARP14 typically interacts with.
Overall, our compound’s synthesis was robust enough to iterate the design process in order to

optimize the specificity to PARP14 which will allow for a more efficacious compound.

25



SUMMARY AND CONCLUSION

In this project we created an inhibitor that was specific to PARP14. The significance of this
project was to create this inhibitor to be a new treatment for hepatocellular carcinoma which can
be caused by PARP14 when overexpressed. The first milestone was when we were able to create
our first compound using click chemistry. The goal of this technique allowed us to have
specificity and inhibition for PARP14. This was important because if we were not able to
synthesize our compound in this way then we would have had to return to our design process
before moving forward. The next major milestone was after our compound was able to be
properly purified. Throughout our experimentation, we discovered a great deal of background
inhibition that was not due to our compound. After purification, we knew that our was the sole
source of the inhibition. The final milestone was verifying that our compound only inhibited
PARP14 and did not change the protein activity of PARP15. Unfortunately, it did also affect
PARP15 in equal amounts as PARP14. Therefore, we did not achieve our goal of making a
PARP14-specific inhibitor. However, it could still be an effective design if it does not affect other
members of the PARP family.

The lessons that we learned in this project were massive. We learned how to design
experiments, work through challenges, communicate, modify our design, and conduct countless
lab techniques that we will use far into the future. We learned how to work effectively as a pair
and when to take the lead and when to listen to others' ideas. We ran into road block after road
block in our project, but when we did we were both ready with solutions to overcome them and
were excited to come back next week and give it a try. COVID-19 delayed our experiments and
keep us out of lab for weeks at a time, but it could only slow our progress and not stop it. This

project was a positive learning experience for us both.
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ENGINEERING STANDARDS AND REALISTIC CONSTRAINTS

There were many external factors that affected the design of our compound. The first is health
and safety. The drug needs to be efficacious and safe in order to be a usable drug in the future
and the main focus of the experiment in vivo is to test whether or not the drug is effective in the
simplest setting. The implications for if the drug works are that it will be able to mitigate the
effects of hepatocellular carcinoma and stop this specific type of cancer.

The manufacturability of the drug is a big factor that was considered when the drug was
being developed. When click chemistry was performed it was required to be purified via HPLC
which decreased the concentration of the compound and required more of it to be used which is
not as efficacious when it comes to drug design. In addition, the size of the drug is related to how
manufacturable it is and the size of the peptide was also decreased in order to be cheaper to
produce in bulk when it is able to be manufactured. The manufacturability of this process is
important because it would allow for less waste and a more efficient and robust process for
development.

Another important factor is the drug's economic value. The compound has already taken
a great deal of time and resources to create. However, the price of the drug should be at a level
that makes it accessible to the majority of its users. Without the ability to be distributed to many
it would not be as effective and pervasive as a drug as it could be.

The social impact that the drug would have would be one that would allow for the
treatment of cancer to be improved. This would allow for a greater quality of life and length of
life for cancer survivors.

The ethical considerations of this compound are, first, to discover if it is safe and
effective. The majority of the work done in this project is to discover if it is effective. When this
is established then it is a matter of manufacturing and commercializing the drug in a way that is
efficient and streamlined so that it can be a product geared towards patients in both function and

price.
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APPENDICES

Appendix A: Budget Sheet

Item Price Website Funding By
2-Azidobenzamide $600 Link Undergraduate
Programs
3-Azidobenzamide $600 - IOCO Lab
4-Azidobenzamide $600 - IOCO Lab
a-Cyano-4-hydroxycin | $237 Link Undergraduate
namic acid Programs
ProteoMass™ Peptide | $541.00 Link Undergraduate
MALDI-MS Programs
Calibration Kit
C18 ZipTips $47.70 ink Undergraduate
Programs
MALDI-TOF -- -- Chemistry
Department
Pipetmans + Tips -- -- I0CO Lab
Eppendorfs -- -- I0OCO Lab
SDS-PAGE materials | -- -- I0OCO Lab
Western Blotting -- -- I0CO Lab
materials
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Appendix B: Timeline
e Fall Quarter:
o Create plan of attack: Week 1
o Order necessary supplies: Week 2-3
o Begin deletion analysis to find peptide: Week 3-10
e Winter Quarter:
o Click peptide to create inhibitor: Week 1-6
o Test inhibitor: Week 6-10
e Spring Quarter:
o Present Senior Presentation: Week 1-5

o  Write Senior Design Thesis: Week 5-10
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