(

AALBORG
UNIVERSITET

Effect of PpT-1 on oxidative stress in C.
elegans

Bachelor project

20. AUGUST 2021
AALBORG UNIVERSITY 0



Title: Effect of PpT-1 on oxidative stress in C. elegans

Theme: Bachelor project

Student: Ismail Mohamed Hassan

Supervisor: Anders Olsen

Abstract:

The aim of this project was to determine
whether the tryptophyllin-like peptide, PpT-
1, isolated from the skin of the Iberian green
frog carries antioxidant properties. The
investigation was carried on transgenic
Caenorhabditis elegansstrains CL2166,
CL2070, and TJ356, containing green
fluorescent protein coupled to gst-4, hsp-16,
and DAF-16, respectively. Hydrogen
peroxide was used to induce oxidative stress,
and fluorescence microscopy was used to
observe the expression of protein marker
construct. CL2166 was treated with varying
concentrations of PpT-1, and survival score
and fluorescent images were compared to the
previous pilot experiment. Lack of GFP
expression suggests that PpT-1 is not toxic to
the strain. Treatments with varying PpT-1
concentrations seem to not influence lifespan,
although 10 mM concentration seems to have
a lower mortality rate than the others.
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1. Introduction
Oxygen is a gas that conferred the development of new life forms and terminated others. This rise in

oxygen in the atmosphere accelerated the formation of organism complexity. Regarding one
hypothesis, eukaryotic cells emerged after ancient anaerobic bacteria engulfed respiring bacteria, with
the respiring bacteria being the origin of mitochondria. Therefore, oxidative metabolism is depended
upon for the energy production in virtually all living animals (Miwa, Beckman. B, and Muller. L
2008).

Despite the uprise of complex multicellular life and evolution of organisms, the rise of oxygen as a
major element of the atmosphere has brought upon all life forms a fundamental problem, oxygen
toxicity. Oxygen toxicity and the harmful effects of oxygen inhalation were previously well-known
since it was demonstrated that excessive amounts of oxygen are harmful to a vast range of life forms
(Miwa, Beckman. B, and Muller. L 2008).

Yet 150 years had to pass before the first theory on oxygen toxicity was established. Rebecca
Gerschman postulated that oxygen radicals are involved in the mechanism of toxic effects by
oxygen. She and her colleagues examined ionizing radiation and found that oxygen toxicity and
radiation are synergistic and share many common traits. They furthermore found radioprotectants,
known antioxidants, that protect against oxygen poisoning. Over the years, the free radical theory
has been redefined and modified. The term is somewhat not inclusive to newer discoveries because
some reactive oxygen species (ROS), such as hydrogen peroxide, are not free radicals yet have the
same impact as one (Miwa, Beckman. B, and Muller. L 2008). Therefore, the term oxidative stress
has been proposed to describe the imbalance between antioxidant and free radicals, including their
products (Maritim, Sanders, and Watkins 2003).

2. Theory

2.1 Free radicals
Free radicals are molecular species that in their outer orbitals contain only one electron or an unpaired

electron. This lack of unpaired electrons causes the radical to become unstable and highly reactive
(Lobo et al. 2010). The highly reactive radicals tend to steal electrons from other atoms in order to

gain stability, thus creating a chain reaction of radicals, potentially and over time causing irreversible



cellular injuries. Free radicals are either derived from exogeneous sources, e.g., radiation, air
pollutants, and industrial chemicals, or from normal essential metabolic processes, e.g., electron
transport chain (ETC). The most common free radicals and their products in the human body are

reactive nitrogen species (RNS) and reactive oxygen species (ROS) (Lobo et al. 2010).

2.1.1 ROS
ROS is a term used to describe free radicals derived from molecular oxygen and their related

products. Molecular oxygen is a free radical itself since it is consisting of two unpaired electrons in
the outer shell, making it unstable and reactive. It is therefore prone to create other free
radicals/ROS by addition of electrons (Fig. 1) (Held 2015).
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Figure 1: The most common ROS derived from molecular oxygen. The ROS are generated by subsequent reduction of oxygen by
addition of electrons (Held 2015).

Studies have shown that production of ROS not only causes cellular damage but also has a key part
in cell signaling such as apoptosis, gene expression, and the activation of cell signaling cascades,
and cell cycling (Held 2015). Most cellular ROS are generated in the mitochondria during ETC as
by-products. Furthermore, some ROS are produced as necessary intermediates of metal catalyzed
oxidation reactions; others are produced by the enzymes superoxide dismutase (SOD) where it
converts superoxide anions to hydrogen peroxide.

ROS cellular damage

One damage ROS have on the cells is lipid peroxidation. Lipids are categorized into two groups:
polar and nonpolar. The most common nonpolar lipids are the triglycerides, representing the major
form of storage and transport of fatty acids in the cells and plasma. Polar lipids are mostly structural
components of the cell membranes where they are a part of a permeability barrier of cells and

organelles, called lipid bilayer. Polar as well nonpolar lipids are both prone to lipid peroxidation that



happens in three specific steps. First, in the initiation step, ROS or other prooxidants form a lipid-
radical (L") by abstracting an allylic hydrogen from the lipid. In the propagation step, the newly
formed lipid-radical reacts rapidly with oxygen and forms the lipid peroxy-radical which reacts with
another lipid, thus creating more chain reactions of lipid-radicals and lipid hydroperoxide. In the final
step, termination, antioxidants such as vitamins react with lipid peroxy-radicals by donating a
hydrogen and creating an intermediate step of vitamin radical which in turn will react with another

lipid peroxy-radical and form nonradical products (Fig. 2) (Ayala, Mufioz, and Argielles 2014).
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Figure 2: Overview over the steps in lipid peroxidation. In the initiation step lipid radicals are formed where they can react with oxygen
and cause a series of chain reactions (propagation step). In the last step, the radicals are terminated by reacting with antioxidants
such as vitamin E (Ayala, Mufioz, and Argtielles 2014).

Oxidative modifications of proteins, ‘protein oxidation’, are a major class of posttranslational
modifications and another damage ROS can have on the cells. There are two types of protein
oxidation, reversible and irreversible modifications. They are caused by reactions between ROS or
RNS and amino acid residues. It is known that protein oxidation can cause many types of damages to
the cells, e.g., incorrect folding proteins that can lead to inactivation of crucial proteins. Nevertheless,
modification of proteins does also have a beneficial role, e.g., in signal transduction and in protection

against reperfusion-induced tissue injuries (Cai and Yan 2013).

Oxidation can also happen to the bases of DNA. The highly reactive hydroxyl radical reacts with
the DNA by addition of double bound to the base. Out of the four bases guanine is most prone to
oxidation because it has a lower one-electron reduction potential. Uncontrolled DNA oxidation can
lead to certain diseases and is also linked to aging. Meanwhile, a normal amount of ROS can be

necessary for cell growth and survival (Cooke et al. 2003).



2.2 Antioxidants
As mentioned, antioxidants have been shown to counteract oxidative stress by preventing or

neutralizing free radicals. Antioxidants are found both in the human body and in food. Antioxidants
are substances that “delays, prevents or removes oxidative damage to a target molecule” (B 2007).
Antioxidants are divided into three groups based on their mechanism: primary, secondary, and
tertiary antioxidants. Primary antioxidants are defined as substances that are directly involved in the
prevention of formation of oxidants. Secondary antioxidants also known as ROS scavengers,
scavenge, and react with ROS. Tertiary antioxidants repair the damaged oxidized molecules (Mehta
and Gowder 2015).

These antioxidants can further be divided into enzymatic and non-enzymatic. Enzymatic
antioxidants work with other antioxidants in a combined mechanism or solely, for instance, where
superoxide dismutase (SOD) works together with glutathione peroxidase to convert superoxide
radicals to water. Enzymatic antioxidants are divided into primary and secondary antioxidants. The
primary ones are inactive ROS in their intermediate states, and these enzymes are SOD, catalase,
and glutathione. Secondary enzymes, glutathione reductase, glucose-6-phosphate dehydrogenase,
and glutathione-s-transferase, scavenge and act directly to detoxify the body of ROS while
continuously supplying NADPH (Mehta and Gowder 2015). Non-enzymatic antioxidants are found
abundantly in fruits and vegetables, and in or on the body. These antioxidants are found in vitamins
(A, E, C and K), minerals, enzyme cofactors, nitrogen compounds, peptides, and polyphenols
(Mehta and Gowder 2015).

PpT-1

Tryptophyllins constitute a heterogenous group of bioactive amphibian skin peptides. Tropical frogs
have higher oxidative stress exposure than most animals due to their humid habitats. Amphibians’
skin presents an arsenal of bioactive compounds that allows them to withstand harsh environmental

conditions such as high oxygen levels, UV, and extreme temperatures.

Tryptophyllins are well-known peptides that are reported to have antimicrobial and antiproliferative
activities, but the role of tryptophyllins as part of an arsenal of peptides is unclear. The tryptophyllin-
like peptide (PpT-1) was named after the amphibian green frog Pelophylax perez{P.perezijand the
tryptophyllin group it belongs to (Table 1). Amphibian antioxidant peptides (AOP) have been
identified and shown ROS-scavenging properties (Angstrom 2011).



This project will investigate if the novel tryptophyllin-like peptide has antioxidant properties.

Table 1: Tryptophyllin types and their characterizations

Tryptophylins types Characterization

Tryptohyllin-1 (T-1) Trp and Pro at positions 5 and 7 from
the N-terminus

Tryptophyllin-2 (T-2) Four-seven residues, having internal
Pro-Trp.

Tryptophyllin-3 (T-3) Containing 13 residues, with substistions

at positions 2, 5, 6, and 13. From the N-

terminus

2.3 Mitochondrial oxidative damage
The mitochondrial electron transport chain (ETC) is responsible for the major production of

endogenous ROS. ETC consists of four transmembrane protein complexes and the mobile electron
transfer carriers, ubiquinone and cytochrome c. ETC/Oxidative phosphorylation takes place in the
folded inner membrane, cristae. The complexes must be assembled in a specific arrangement to
function properly. ETC is the conversion of electron-motive force to proton-motive force, where
oxidative phosphorylation is the culmination of a series of energy transformation in which the
proton-motive force is converted into phosphoryl-transfer potential and ATP is synthesized (Table
2) (Zhao et al. 2019a).

All electrons that enter the transport chain come from NADH and FADH.2. These molecules are
produced from earlier stages of cellular respiration. NADH is a high energy electron carrier, while
FADH: is low energy carrier and cannot transfer electrons to complex I; instead the electrons are

transported to complex 1l which does not pump protons out of the matrix (Khan 2021).



Table 2: An overview over the functions of the complexes, the important components, and the productions sites of ROS.

Complex

Function and main

components

Production sites of ROS

Complex I: NADH-driven proton
pump, facilitated by electric
currency, created by the movement
of electrons to co-Q through co-
factors.

CO-factors: flavin -
mononucleotides, 7-9 Fe§ clusters,
N2-cluster. COQ/QH:z

flavin mononucleotide-site and
COQ binding-site. Rotenone and
pietigidin are site Ig inhibitors, that
prevents the transfer of electrons to
COQ. and thus increasing ROS
production.

Complex II: protein complex
found in citric acid.

Oxidizes succinate to fumarate by
FAD reduction. Transfers two
electrons to Co-Q through Fe-S
clusters

the production of ROS happens at
gite IIr, small amount compared to
complex I

Complex III: Catalyzes the transfer
of electrons from QHz to
cytochrome ¢

The two rounded Q-cycle transfer
two electrons to cytochrome ¢ and
pumps four protons:

Riscg group, cytochromes (e, b and
c1)

Site IILoo.

The partially reduced QH- radical,
can leak electrons to oxygen, thus
forming superoxide anion

Complex IV: transfers electrons
from reduced cytochrome ¢ to
oxygen to form two water
molecules and pump four protons.

Heme groups: heme a, heme a3

Cupper: Cug, Cua/Cua center

ATP synthase: generates ATP
molecules and uses proton motive
force to release ATP mto the
matrix.

Fo: ring structured,10-14 c-
subunits, and a-subunit

F1: three o subunit, three
subunits and the central stalk that
consist of v, 6, and €.

2,3,1 ROS production in mitochondria
Mitochondria is the main source of cellular ROS production. Around 2% of the electrons

transported in the ETC do not follow the normal pathway but instead leak out of the ETC,

interacting with oxygen to produce ROS. There have been 11 identified sites that produce ROS that

are associated with substrate oxidation. Four sites are in the NADH/NAD*-linked 2-oxoacid

dehydrogenase complexes, namely Or, Pr, Ar, and Br. Two sites are located in Complex I; Ir and lg,

site lllgo is in Complex 11, and sites Ilr, Gg, Er, and Dq are linked to the Q-dependent
dehydrogenases in the Q/QH2 pool (Table 1) (Zhao et al. 2019b).

2,3,2 Mitochondrial defense mechanism
The body has several defense mechanisms to counteract harmful ROS. SOD and glutathione

peroxidase (GPX) enzymes are in the mitochondrial matrix and intermembrane space to neutralize

whatever site the superoxide radical produces. SOD functions in two steps. In the first step, SOD’s



active site metal, e.g., Mn®', reacts with superoxide to reduce to Mn?* and release a molecule of
oxygen. In the final step, the reduced Mn?* reacts with another superoxide and returns to its original
state with the help of two protons abstracted from a water molecule, releasing a hydrogen peroxide.

Overall, two superoxide radicals are neutralized for every cycle (Azadmanesh and Borgstahl 2018).

The produced hydrogen peroxide can be neutralized by GPX or catalase. Glutathione in its normal
form exists bound to another glutathione, and only when it is in its reduced state can it catalyze
hydrogen peroxide to water. It requires the presence of NADPH that is produced in hexose
monophosphate (HMP) shunt. The mechanism involves oxidation of selenol in the cysteine residue
by hydrogen peroxide, yielding a selenic acid (RSe-OH) group. The selenic acid then reacts with
reduced glutathione to form GS-SeR and water. A second GSH molecule reduces the GS-SeR back
to selenol where oxidized glutathione is released as a by-product. Glutathione reductase can then

reduce glutathione to its active form (Fig. 3) (Sédez and Estan-Capell 2014).
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Figure 3: The combined function of SOD, GPX, and catalase enzyme activities prevent the superoxide anion from reacting with
hydrogen peroxide or a transistion metal, leading to the formation of the highly reactive hydroxyl radical. This antioxidant strategy
protects the cells from excessive ROS and thereby oxidative stress (Sdez and Estdn-Capell 2014).



2.4 C. elegans
Caenorhabditiselegans(C. elegan}is a microscopic roundworm nematode and member of the

Phylum Nematoda. C. elegands a small non-infectious, non-pathogenic, non-parasitic organism. An
adult animal is about 1 mm long and 50 um wide. It has a long cylindrical body shape tapered at the
end. C. elegandives in the soil where it feeds on microbes such as bacteria (Corsi, Wightman, and
Chalfie 2015). In the past several decades, the research on aging and oxidative stress by using C.
eleganshas expanded tremendously, owing to its convenient application. C. elegansis used as a
suitable model organism due to its short, 2-week lifespan, easy maintenance and feed, and its high
fertility (Mullan and Marsh 2019).

2.4.1 Anatomy and life cycle
As mentioned, C. elegangs a small, free-living organism that easily can be grown in a lab. The tissue

organization of the 959-celled adult C. eleganshas some of the same basic anatomical body systems
as higher animals (Olsen and Editors 2017). C. eleganshas a cylindrical, unsegmented body shape
that is tapered at the ends (Fig. 4).

The nematodes body plan consists of two tubes, inner- and outer tubes separated by the
pseudocoelomic space (Fig. 6B). The outer tube consists of cuticle (skin), hyperdermis, muscles,
excretory system, and neurons, and the inner tube, the pharynx, intestine, and gonad in adult

nematodes. All these tissues are regulated by an osmoregulatory system (Wormatlas.org 2014).

The life cycle of C. elegansis comprised of an embryonic stage then proceeds through four larval
stages, L1-L4, before becoming a fully developed adult (Fig. 4). The end of each larval stage is
marked by a moult, where the previous cultic is shed and a new, stage-specific is synthesized. The
moulting process is accomplished in three steps: the apolysis step, where the old cuticle separates
from the hypodermis, the second step where newly formed cuticle arises from the hypodermis, and

in the third step where the old cuticle (exuvium) is shed (ecdysis) (Wormatlas.org 2014).

A

nerve ring DNC spermatheca

cross section

pharynx

Figure 4: C. elegans’ inner and outer tubes and their tissues.
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The worm increases in size throughout the four larval stages and in favorable conditions becomes a
fully fertilized adult. In conditions of lack of food, instead of becoming L2 animals, they become
L2D worms that can enter the stage called the Dauer stage. Dauer means enduring and in this stage
the animals slow their metabolism where they do not eat, grow, or reproduce. Dauer animals can
exit the Dauer stage and grow to L4 stage when the unfavorable conditions are removed (Fig. 6).
Dauer larvae have an ability to withstand harsh environments and live for extended periods of time.

C. elegans Life Cycle
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Figure 5: The stages of C. elegans under good conditions and the alternate stage, L2D, under harsh environments.

Mutations which prevent or inappropriately induce Dauer formation have been characterized. The
mutations are defined in two classes of genes: dauer defective (daf-d) and dauer constitutive (daf-c)
(Gottlieb and Ruvkun 1994). daf-d mutants are unable to arrest as dauer larvae when exposed to
dauer pheromone, which normally triggers dauer formation. Daf-c arrest as dauer when grown in
low concentrations of pheromone. Daf-2 and daf-23 genes are identified as daf-c genes, where daf-
16 is identified as daf-d gene (Gottlieb and Ruvkun 1994). DAF-2 and DAF-16 are two of the major
components in the insulin/insulin-like growth factor (IGF)-1 signaling pathway that regulate

longevity and environmental stresses such as oxidative stress.

2.4.2 1IS Pathway
Insulin/insulin-like growth factor (IGF)-1 signaling (1IS) is among the well-established aging-

regulatory pathways and is also important for various stresses including oxidative stress (Murphy T
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and HU. J. Patrick 2014). 1IS is connected to a wide variety of systems that control growth,
reproduction, and aging.

The main components include insulin/insulin-like peptides (ILP)s which can bind to the IGF-1
receptor DAF-2. Upon binding, DAF-2 is activated or inactivated, depending on which receptor
ligand binds to the receptor (Murphy T and HU. J. Patrick 2014). Upon binding to an agonist ILP,
DAF-2 is activated and recruits the phosphoinositide-3-kinase PI3K into the cell membrane. This in
turn generates phospholipid signals that increase the PI(3, 4, 5,)P3/PI(4, 5,) (PIP3/PIP>) ratio that
turn on the 3-phosphoinositide-dependent kinase 1 (PDK-1), up-regulating the AKT family
members, AKT-1, AKT-2 bound to PIP, then finally phosphorylate the Forkhead Box O (FOXO)
transcription factor, DAF-16, preventing it from entering the nucleus (Fig. 6) (Murphy T and HU. J.
Patrick 2014).

Inhibition of 11S promotes stress-resistance long-lived worms. Loss-of-functions age-1 and daf-2
mutants, encode for the PIK-3 and insulin-like receptor, respectively. It was found that
manipulation in these genes conferred increased lifespan due to inhibition of DAF-2 receptors.
Decreased function of DAF-2 results in the inactivation of kinase cascade decreases the PIP3/PIP
ratio. The PIP3/PIP ratio can also be reduced by DAF-18. This results in down-regulation to relieve
AKT-1-mediated inhibition of DAF-16, and unphosphorylated DAF-16 translocates into the
nucleus to promote target gene expression that leads to stress-resistance and longevity (Murphy T
and HU. J. Patrick 2014).

> PIP3 > PIPy )

Figure 6: Schematic illustration of IIS pathway. ILPs activate/inactivate DAF-2 upon binding. Under acitvations DAF-2 activates a
cascade that ultimately prevents DAF-16 from entering the nucleus.

2.4.2.1 Transcriptional factors in IIS signaling
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DAF-16

DAF-16 as mentioned earlier is a homologue to the FOXO transcription factor. It mediates a wide
range of cellular processes by regulating the expression of myriad genes. DAF-16 is named after the
isolated Dauer defective phenotype and is predicted to encode for eight isoforms (daf16a— daf
16h),where daf-16d, daf16f, and dafl6hseem to be the major ones. As the transcription factor, it
contains a DNA binding domain that recognizes the core consensus TTGTTTAC sequence, known
as DAF-16 binding element (DBE), facilitated in the expression of numerous downstream genes
(Sun, Chen, and Wang 2017). A variety of upstream post-transcriptional regulators have been
identified to activate or inactive DAF-16. Among the inactivators are protein kinases AKT-1 and
AKT-2 and serum/glucocorticoid-inducible kinase (SGK-1), although studies have shown that
SGK-1 also functions as activator for DAF-16. In the presence of stress DAF-16, in the
combination with the transcriptional factor HSF-1, combats free radicals and other harmful
substances by inducing the transcription of chaperone genes and proteasome-related genes.
Furthermore, DAF-16 is activated by overexpression of the stress-related JNK-1 kinase in the INK

pathway which is activated upon sensing stress (Devagi et al. 2018).

SKN-1

The transcriptional factor skinhead-1 (SKN-1) is the human ortholog NF-E2-related factor 2 (Nrf-2).
SKN-1 plays a major role in defense against oxidative stress and aging. It promotes detoxification
target genes, e.g., glutathione S transferases (gst)s, by translocating into the intestinal nuclei. The
activity of SKN-1, as of DAF-16, is regulated by its phosphorylation modification (Li et al. 2017).
For example, phosphorylation by AKT in IIS prevents SNK-1 from entering the nuclei, while
phosphorylation by p38 in the MAPK signaling pathway allows translocation (Murphy T and HU. J.
Patrick 2014). SKN-1 regulates the expression of a variety of genes and protein translation, many of
which overlap the DAF-16 genes (Murphy T and HU. J. Patrick 2014).

HSF-1

Heat shock factor 1 (HSF-1) is a heat-shock transcriptional factor that is the C. elegansiomologue
to the human protein HSF1. It promotes target genes in response to various genes by binding to the
heat-shock element (HSE) GAANNTTCNNGAA sequence. HSF-1 collaborates with DAF-16 to
promote longevity and regulate the expression of chaperone genes, including heat-shock protein-
encoding genes (Sampayo, Olsen, and Lithgow 2003).

13



3. Materials and methods

3.1 Chemicals and strains
Wild type C. elegangN2), TJ356 (zIs356), CL2070 (dvls70), and CL2166 (dvIs19), were provided

from Caenorhabditis Genetics Center (CGC). Escherichia coli (E. coli) OP50 (Streptomycin+), 30%
hydrogen peroxide, and the tryptophyllin-like peptide drug PpT-1 were all provided by associate
professor Anders Olsen. The peptide drug was abstracted from the skin of the Iberian green frog P.

perezi

All strains were grown and maintained on NGM media seeded with E. coli OP50 eggs, and L1
larvae were transferred to fresh NGM plates continuously. The plates with worms were stored at 20
°C.

3.2 Experiment diagram

The experiment was performed in two parts. The aim for the first part was to investigate which
hydrogen peroxide concentrations were appropriate in subsequent experiments. This part was done
twice, and the concentrations were adjusted the second time. The second part of the experiment was
carried out to determine whether treatment with PpT-1 has a preventive effect on oxidative stress

and if the drug can reduce the stress level (Fig 7).

Pilot experiment |

A |‘: 1 2 / 3 \ ‘;,4-
NN N ) Tsss %= mM PpT-1
- — 2 . 4
VS Y I!,]. N TN _/3' N Py
B\ J | A J | cL2166 A o lox )L osx ) law ) [ox )
N M N A fluorescence measurement S N N o/
c \ N - SN TN SN e, CLaes
\ J N /o | cLz070 B oLox ) osx) Lk | [ sox )
g _ N R N N N/
40mM  20mM 10 mM omM NN Y
c ox ) s ) | 1ox ( | CL2166
N — ~ — RN N \_50x/
Pilot experiment Il N/ N LN/ \ - pa—
\ | | | ] f \
AN, N ) ) cL2166 — - —
" — — 7.5 mM H202 €L2166
e - 7.5 mM H202
( ( 3
BN\ | | azom
10mM - 5mM 2.5mM OmM

Fluorescence measurement

Figure 7 Schematic overview over performed experiments

3.3 Hydrogen peroxide treatment
Pilot experiment
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The experiment was carried out when the worms reached adulthood at 4 days old. For the
experiment, a 12 well-plate was used. The rows were named A, B, and C. The columns were named
1, 2, 3, and 4. The rows and columns correspond to the strains and H.O2-concentrations used,
respectively. Row A corresponded to strain TJ356, B to CL2166, and C to CL2070. The columns
corresponded to H202 concentrations in increasing order: 40 mM, 20mM, 10mM, and OmM. In each
well, 1 mL of the designated concentrations were added, and for the control column, 1 mL of S-
Basel was added instead (Fig 7). 10-15 worms of each strain were harvested and added to the wells.

The time for harvesting the first and last worm was noted.
Experiment Il

The same setup was used for the second experiment but with minor modifications. Instead of using
all three strains, strain TJ356 was discarded and only CL2166 and CL2070 were used. The

concentrations were also modified; the new concentrations were: 10mM, 5mM, 2.5mM and OmM
(Fig. 7).

Nuclear localization Assay
After hydrogen peroxide treatment, the worms were measured and observed by a fluorescence

microscope with integrated brightfield microscopy (excitation wavelength 488 nm, emission
wavelength 510 nm) and CellSens software (Olympus Cooperation). Nuclear translocalization was
observed with fluorescence microscopy and worms were scored for survival. This experiment was

done within a 5 hour time limit. All exposure times were manually adjusted.

3.4 PpT-1 treatment
The worms were transferred to the plates consisting of 5SmL NGM media, and 0.5mL E. coli OD50

were added. The newly made plates were treated with UV-light for 30 min to prevent E. coli from
degrading the drug. PpT-1 wad added afterwards for 2 hours. The setup was different from earlier
experiments. A constant H,O> concentration on 7.5 mM was used except for wells A4 and B4. No
H>0> was used for these wells and H20, was substituted with the buffer S-Basel. The worms were
treated with varying concentrations of PpT-1. Worms in column 1 and well A4 were not treated with
PpT-1 with 0.5mL DMSO added instead. Column 2 worms were treated with 5mM PpT-1, column 3
with 10mM PpT-1, and column 4 with 50mM PpT-1, except in well A4 (Fig 7)

ROS Assay and survival score were done in the same manner above.
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4. Results

4.1 H,O2 exposure
In the first test, the results revealed that the concentrations were too high and did not yield any usable

results. Furthermore, the results showed that strain TJ356 required a long time to observe visible
changes. There were no notable differences between the H.O2-exposed worms. The concentrations

were changed to much lower values and strain TJ356 was removed from the experiment.

The results for the second test showed that for both CL2070 and CL2166 strains a decline in
survival for treatment with H.O> was observed. The decrease was inversely proportional with
increasing concentrations, except for worms exposed to 2.5 mM concentration. They survived

longer than worms without H>O> exposure (Fig. 8).

CL2070 CL2166

10 mM H202 = 10 mM H202

g 5 M H202 5 mM H202

Fraction alive
- =™ I:
Fraction alive
&

T 04 2.5 mM H202 0.4 2.5 mM H202

0,2 0 mM [Control) 07 0 mM (Controf

60 120 150 180 210 240 300 0 60 120 150 180 210 240 300

Time (min) Time {min)

Figure 8: survival on hydrogen peroxide concentrations varying from 0 — 10 mM. similar survival rate is seen for strains CL2070 and
CI2166. Worms exposed to 2.5 mM have the best survival.

The nuclear translocalization of SKN-1 and DAF-16/HSF-1 factors. Therefore, gst4 and hsp16
bound to GFP-marker were examined for fluorescence. The fluorescence results overall showed that
GFP accumulates in the intestine nuclei. Exposure to hydrogen peroxide induces expressions of
hsp16 and gst4. One hour after hydrogen peroxide exposure, the GFP marker was evenly spread in
the body (Fig. 9A, C), indicating that hsp-16 and gst4 were being expressed but at low levels. After
5 hours (Fig. 9B, D) the hsp-16 and gst4 marker constructs were accumulating in the intestine and
pharynx. Although hydrogen peroxide did induce the expression of hsp-16 and gst4, it was not

possible to quantify the production of ROS due to inconsistent exposure times. There were no
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connections between hydrogen peroxide concentrations and fluorescence intensity, considering the

exposure times.

Figur 9: flourescense images of CL2070 worms on varying hydrogen peroxide concentrations. A and Ccorrespond to fluorescense images taken after 1 hour
hydrogen peroxide exposure and B and D correspond to images taken after 4/5 hours.

H202

Figur 70: flourescense images of CL2166 worms on varying hydrogen peroxide concentrations. A and Ccorrespond to fluorescense images taken after 1 hour
hydrogen peroxide exposure and B and D correspond to images taken after 3/4 hours.

4.2 PpT-1 treatment
Treatment with varying concentrations of PpT-1. and subsequent exposure to 7.5 mM H20- indicate

that PpT-1 does not prolong survival. The control groups Al and B, which were not exposed to
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H>0, yielded the best results, where C1 compared to B1, giving a lesser survival, indicating that
high concentration does not extend the survival. Although PpT-1 does not extend the lifespan
compared to the control groups, a concentration of 10 mM seems to reduce oxidative stress (Fig.
11). Mean values of the replicas amplify the effect of 10 mM PpT-1 treatment (fig 11D). The
concentration confers longer lifespan than the rest of the PpT-1 concentrations. However, worms

without PpT-1 treatment survived remarkable longer than worms treated with PpT-1 (Fig. 11A).
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Figure 11 effects of PpT.1 on lifespan in CL2166 strain. 2.5 mM, 5 mM, and 10 mM hydrogen peroxide were replicated (A-G),
furthermore a control group (A4), 50 mM PpT-1 without (B4) and with 7.5 mM hydrogen peroxide (C4 exposure were examined.
None of PpT-1 concentrations conferred longer lifespan, compared to subsequent test. 10 mM concentration yielded the best result
out of the replicates, according to their mean values (D).

The fluorescence showed that GFP is evenly distributed in the body for worms in the control group
(Fig. 13A, B) and worms treated with 50 mM Ppt-1 and no hydrogen peroxide exposure (Fig. 13C,
D), in contrast to worms treated with 50 mM PpT-1 and exposed to 7.5 mM hydrogen peroxide (Fig.
13E, F), where the GFP was observed in the cells around the pharynx and intestine. PpT-1 had no
viable effect on GFP expression (Fig. 12A-F).
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Figure 13 Fluorescense images of CL2166 control worms. A,Bworms Figure 12 Fluorescense images of CL2166 worms treated with 0 mM
without PpT-1 Treatment and without hydrogen peroxide exposure. C,.D A B,5 mM C,Dand 10 mM PpT-1 E,F All worms expressed GFP.
worms with 50 mM PpT-1 treatment and 0 mM exposure. Aand C

worms did not express GFP compared to E,F

5. Discussion
The free radical theory indicates that aging is caused by excess amount of ROS that damage the cells.

Normally, the cells have a defense system to counteract and repair the damage caused by ROS.
Therefore, weakening, or overwhelming of the antioxidant defense system, may be due to several

factors, leading to a decrease in viability and an increase in vulnerability.

Exposure to H202 showed a decrease in mobility and survival over time, as transcriptional factors
DAF-16, SKN-1 and HSF-1 entered the nucleus. Although the worms showed a decrease in
mobility, the experiment needs further tests like head-swing assay and a measurement of length and
reproduction ability to link oxidative stress to aging.

5.1 H,0; exposure
Test results show that worms exposed to a 2.5 mM concentration of hydrogen peroxide have a

similar or longer survival as worms in the control group. These results collide with the theory that
worms exposed to small amounts of environmental stresses for a brief amount of time have a

temporary protection. Due to inconsistent exposure times, it was not possible to quantify ROS
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production. However, fluorescence images show accumulation around the intestine and pharynx,
meaning that hsp-16 and gst4 were being expressed, and transcriptional factors were entering the
nucleus. Despite the presented results, further tests needed to be done in order to determine whether

the worms have ROS-induced protection or not.
5.2 PpT-1 treatment

Treating worms with PpT-1 did not show further extension in lifespan. The results even showed a
reduction in longevity compared to worms without PpT-1 treatment. Treatment with 50 mM PpT-1
without hydrogen peroxide exposure conferred longevity, but treatment with hydrogen peroxide
exposure does not, excluding the drug as a possible poison. Furthermore, mean values of the replicas
show a notable difference on longevity. 10 mM PpT-1 is more effective than the rest, including 50
mM. This may indicate that there is an upper-limit for PpT-1 effectiveness and exceeding that limit

may cause an acceleration in oxidative stress.

Treatment with PpT-1 did not induce expression of gst4 marker construct for worms not exposed to
hydrogen peroxide. This is consistent with an absence of toxic effect, indicating that PpT-1-induced

oxidative stress resistance may come from ROS scavenging.

Due to covid-19 restrictions, it was not possible to execute the experiment adequately. | had a time-
limit which I could not exceed and | was forced to stop in the middle of the experiments. For future
work, all the experiments must be repeated at least three times so the credibility cannot be doubted.
In addition, statistical analysis will be used to determine the lifespans. Exposure time will be set
automatically, and western blot will be used to quantify ROS production (Table 3).
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Table 3: An overview of future experiments and tests that can be conducted in order to obtain better results.

Future experiments

goal

Repeat each experiment three times

Generate usable data, that can be analyzed

statistically

Use statistical analysis for survival counting,

gene expression, and ROS production

Mean values of survival can be compared to

each other to determine if they are significantly

measurement. different from each other, using unpaired
student t-test.
Use different ROS Compare different ROS effect on survival and

subsequently PpT-1 treatment.

Use western blot and RT-PCR for gene

expression of target genes

Western blot and PCR can be used to quantify
production of ROS by quantifying the
expression of target proteins eg. SOD. Western
blot can also be used to measure oxidative
damage such as, protein modification by using

protein carbonyls kit.

Use positive and negative controls

Positive and negative controls, that have a
mutation in the target genes can be used to
compare with the wild-type. This is another
way to determine antioxidant properties of
PpT-1
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6. Conclusion
It cannot be concluded whether PpT-1 has an antioxidant effect and reduces oxidative stress level.

The results gained from the two experiments varied from each other. In the first experiment, worms
exposed to 2.5 mM hydrogen peroxide had similar survival rate as worms without exposure and were
still alive after 5 hours. Fluorescence images were indiscernible due to inconsistent exposure times

and unclear imaging.

The second experiment was done over 2 hours and showed an accelerated decline in survival for all
worms exposed to hydrogen peroxide. Images from fluorescence showed no visible expression of
GFP-marker on worms treated with 50 mM and 0 mM PpT-1 without hydrogen peroxide exposure,
meaning that the drug is not poisonous, and the resistance is not gained from expression of gst4 but
rather from ROS scavenging. PpT-1 did not confer extended resistance compared to worms not
treated with the drug in the previous test, although 10 mM had an undeniable better effect on
survival than the other concentrations, indicating that PpT-1 may have an antioxidant property in

form of ROS scavenging.
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