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ABSTRACT

LONGEVITY AND CIRCADIAN RHYTHM IN
Caenorhabditis elegans: THE IMPACT OF LITHIUM
CHLORIDE

Elif Sena Temirci
M.S. in Material Science and Nanotechnology
Supervisor : Seymur Jahangirov
Co-Advisor : Ayca Arslan Ergiil

June 2024

Lithium chloride (LiCl) is a popular treatment for various neurological disorders,
especially bipolar disorders. While its complete mechanism of action remains partially
elucidated, LiCl has been found to support new memory formation by triggering the
construction of new neurons, reducing senescence, and regulating the circadian rhythm,
particularly in bipolar patients, where it counteracts their abnormally fast biological
clock. The circadian rhythm is vital in determining efficiency, understanding energy
consumption, and biochemical balance for all organisms. This rhythm includes regulating
body functions by the day/night cycle. Caenorhabditis elegans (C. elegans) is one of the
most robust organisms for modeling circadian rhythm, although it lives in the soil.
Therefore, by employing C. elegans as a model system, valuable insights could be gained

for these complex processes.



This study aims to elucidate the complex relationship between LiCl, circadian rhythms,
and longevity, as disruptions in these pathways are implicated in neurodegenerative
diseases and age-related cognitive and motor decline. In this project, white light was
employed to manipulate the circadian rhythm in C. elegans, with one group additionally
receiving LiCl treatment in addition to light exposure. The study focused on longevity,
response to environmental factors, and circadian rhythm. To elucidate the effect on
longevity, lifespan measurements showed that LiCl treatment extended the lifespan of C.
elegans under both light and dark conditions, with a shorter lifespan observed in the light.
Additionally, when comparing the effect of specific developmental time points, the signs
of aging appeared later in the dark compared to the light. The differential gene expression
of longevity genes suggested that LiCl treatment could impact gene expression,
particularly the age-1 gene, but not the daf-16 gene. Furthermore, the response to
environmental changes was examined similarly and it was observed that C. elegans
responded to the circadian rhythm disruption caused by light and LiCl administration. In
conclusion, this study suggests that LiCl treatment has the potential to mitigate the
adverse effects of circadian rhythm disruptions and reverse the aging process of C.

elegans.

Keywords: Lithium chloride Administration, Circadian Rhythm, Longevity,
Caenorhabditis elegans



OZET

Caenorhabditis elegans'TA YASAM SURESI VE
SIRKADIYEN RITIM: LITYUM KLORURUN

ETKISI

Elif Sena Temirci
Malzeme Bilimi ve Nanoteknoloji, Yiiksek Lisans
Tez Danismani : Seymur Jahangirov
Ikinci Tez Danismani : Ayca Arslan Ergiil

Haziran 2024

Lityum kloriir (LiCl), bipolar bozukluklar basta olmak iizere ¢esitli nodrolojik
bozukluklarin tedavisinde kullanilan popiiler bir tedavi yontemidir. Etki mekanizmasi
tam olarak anlasilmamus olsa da LiCl'nin yeni néronlarin olusumunu tetikleyerek yeni
hafiza olusumunu destekledigini, yaslanmamn etkilerini azalttig1 ve 6zellikle de bipolar
hastalarn sirkadiyen ritmi diizenleyerek hizli biyolojik saatlere etki ettigi bilinmektedir.
Sirkadiyen ritim, tiim organizmalar i¢in verimliligin belirlenmesinde, enerji tiiketiminin
anlagilmasinda ve biyokimyasal dengenin belirlenmesinde hayati 6neme sahiptir. Bu
ritim, gece/gilindiiz dongiisiiyle viicut fonksiyonlarinin diizenlendigini ifade etmektedir.
Caenorhabditis elegans (C. elegans), toprakta yasamasina ragmen Sirkadiyen

modellemesi i¢in en 6nemli organizmalardan biridir. Bu nedenle, C. elegans model



organizmasindan faydanilarak bu karmasik siireclere iliskin degerli bilgiler edinilmesi

mumkindir.

Bu c¢alisma, LiCl, sirkadiyen ritim ve uzun émiir arasindaki karmasik iliskiyi agiklamay1
amaglamaktadir. Bu yolaklardaki aksakliklar, nérodejeneratif hastaliklarda ve yasa bagl
bilissel ve motor gerilemede rol oynamaktadir. Bu projede, C. elegans'ta sirkadiyen ritmi
degistirmek icin beyaz 1s1k kullanildi ve 1s18a maruz kalmanin yani sira ek olarak bir
gruba LiCl uygulamasi yapildi. Mevcut ¢aligsma, uzun 6miir, ¢evresel faktorlere tepki ve
sirkadiyen ritim tizerine odaklandi. Uzun 6miir iizerindeki etkiyi agiklamak i¢in yapilan
yasam siiresi olgtimleri, LiCl tedavisinin C. elegans'in émriinii hem aydinlik hem de
karanlik kosullar altinda uzattigini, 1s1kta ise daha kisa bir yasam siiresi ile iligskilendigini
gosterdi. Ek olarak, belirli gelisimsel zaman noktalarinin etkisi karsilastirildiginda,
yaslanma belirtilerinin 1518a kiyasla karanlikta daha ge¢ ortaya ¢iktigi goriildii. Uzun
omirlii genlerin diferansiyel gen ekspresyonu, LiCl tedavisinin gen ekspresyonunu,
ozellikle de age-1 geni ile iliskili olabilecegi, ancak daf-16 genini etkilemedigini yoniinde
bulgular elde edildi. Ayrica ¢evresel degisikliklere verilen yamt da benzer sekilde
incelendi ve C. elegans'in 1sik ve LiCl uygulamasinin neden oldugu sirkadiyen ritim
bozulmasina yanit verdigi goriildii. Sonug olarak bu ¢alisma, LiCl tedavisinin sirkadiyen
ritim bozukluklarinin olumsuz etkilerini azaltma ve C. elegans'in yaslanma siirecini

tersine ¢evirme potansiyeline sahip olabilecegi yoniinde potansiyel etkiler gostermistir.

Anahtar sézciikler: Lityum kloriir Uygulamasi, Sirkadiyen Ritim, Yasam Omrii,

Caenorhabditis elegans
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CHAPTER 1

1. INTRODUCTION

1.1. Caenorhabditis elegans (C. elegans)

The nematode Caenorhabditis elegans (C. elegans) is a powerful model organism,
especially, in the fields of molecular biology and genetics and even, in multidisciplinary
areas. In the mid-1960s, Sydney Brenner sought a relatively small model organism that
could be easily grown in vitro, had fewer neurons than other model organisms, and could
be easily viewed with a microscope to understand how genes work [1]. With this aim,
Brenner and his team integrated the C. elegans as a model organism [1], [2]. From this
point, this new model incorporation makes C. elegans the main character of three different
Nobel prizes. In 2002, Sydney Brenner, H. Robert Horvitz and John E. Sulston were
awarded the prize. Genetic analysis was used to integrate C. elegans as a new model
organism and illuminate the processes of cell division, differentiation, and organ
development [3]. In 2006, Andrew Z. Fire and Craig C. Mello explored the power of
double-stranded RNA to silence genes. This was the discovery of RNA interference
which enabled the construction of novel insights into controlling gene expressions [4]. In

2008, Martin Chalfie revealed that the green fluorescent protein (GFP) marker could be



used as a luminous genetic tag for biological phenomena, and in the first experiments of

this study, six different cells of C. elegans were marked with GFP [5].

Short lifecycle
and
maximum lifespan

High degree of orthology
with human gene

Figure 1.1: The demonstration of highly crucial advantages of C. elegans model

organism that establish its prominence in diverse research studies

C. elegans has transparent and defined anatomy that helps to the simplicity of its
manipulation for these studies. It is also known as the first multicellular organism to have
its whole genome sequenced [6], [7]. Hence, the C. elegans genome has provided a basic
template for other genome sequencing projects, including the Human Genome Project
[7], [8]. The main reason behind this contribution was that many of the genes in the

worm's genome have functional counterparts in the human genome [9]. The C. elegans



genome has revealed many functional counterparts in the human genome. It was
estimated that genes are orthologous in 40-80% of all human genes and 40-50% of human
disease-associated genes [9], [10]. The noteworthy degree of conservation present
between C. elegans and humans increases its significance in the investigation of human
diseases, lipid metabolism genes and signaling pathways such as the insulin signaling
pathway [11]. Thanks to these benefits, there has been a great deal of studies with C.
elegans regarding the characterization of behavioral as well as morphological mutants
[2], the discovery of RNA interference (RNAIi) methodology [12], aging [13],
neurogenesis/neurodevelopment [14], [15], longevity [16]. Overall, the simplicity of its
maintenance, high genetic conservation with humans and other advantages increase its

value in many biological phenomena (Figure 1.1).

1.2. C. elegans as a Model for Understanding Aging and

Extending Lifespan

Aging is an inevitable, universal part of our lives. Aging and the changes related to this
process form the basis of many important studies and problems to be elucidated from the
past to the present. It gradually weakens how well our biological systems function over
time. This weakening is caused by a buildup of damage from different stresses that the
body experiences throughout life [17], [18]. In the field of aging research, longevity is
the key term. It implies the capacity of an organism to achieve an extended lifespan,
approaching its species' biological maximum under normal circumstances [19], [20].

Model organisms are crucial players in revealing the underlying mechanism of this



complex process and effect. The short lifespan, ease of manipulation, and short generation
cycle are some of the fundamental reasons why model organisms are useful for
comprehending aging and longevity. As demonstrated in Figure 1.1, C. elegans is one of
the most powerful species due to its completed genome sequence, a determined number
of cells (959 somatic cells for hermaphrodites and 1031 somatic cells for males) and the
presence of mutant strains [21], [22]. These nematodes have a short life cycle of around
three days to reach adulthood and a life span of approximately three weeks at 20°C.
Thanks to their sensitivity, these periods vary with the temperature change. In their short
generation cycle, their developmental stages can be distinguished easily which mainly
consist of six stages (L1, L2, L3, L4, Young Adult, and Adult) as indicated in Figure
1.2.B. This property helps to investigate and manipulate each development stage

separately [13], [23], [24].

C. elegans primarily exists in two sexes, with the majority being hermaphrodites (around
99.8% ratio) and a small percentage being male (nearly at 0.2%). Ought to its
hermaphrodite nature, the numbers increase rapidly, with a high reproduction rate,
approximately each adult produces 300 progenies when self-fertilization occurs and more
than 1000 offspring by mating with a male [11], [24]. The high number of progenies
enables the investigation of the associated mechanism of fertilization efficiency and
reproductive health [11]. Furthermore, the size of the organism, which is almost 1 mm in
its adulthood is one of the biggest reasons for its widespread use. With the aid of its
compact size, the whole life cycle and each developmental stage can be easily followed

under the stereo-microscope as illustrated in Figure 1.2.A.



/

AN S

Young Adult

Figure 1.2: The representation of C. elegans’ stages under stereomicroscope. A- The
representation of all stages and size differences between stages. B- After egg laying, the

stages are L1, L2, L3, L4, Young Adult and Adult in a developing manner.

During the aging period of worms, they demonstrate deterioration in
movement/locomotion [25], rate of reproduction [26], behavioral response [27], increased
auto-fluorescence accumulation in cells [28] and loss in vital functions such as learning,
memory, and immunity constitutes another dimension of C. elegans aging and longevity
[13]. Approximately two-thirds of all human disease genes have homologs in C. elegans,
and age-related physiological changes at the molecular, cellular and tissue levels show

human-like changes. As a result, C. elegans is a powerful model for studying aging,



lifespan and experimental research to understand several aging-related human diseases

[13].

Investigating how the shift in gene activity patterns is valuable for assigning molecular
signatures and potential effectors in C. elegans. In other words, these patterns can give
insight into how gene expression alteration is related to an organism's lifespan and healthy
aging [29]. Previous studies have highlighted that age-1 and daf-16 genes are the key
players for better longevity. These genes are the effector of the insulin/IGF-1 signaling
(11S) pathway and necessary for the formation of dauer that developmentally arrested
stage of C. elegans under severe conditions [30], [31]. The longevity regulator age-1 gene
is known as the homolog of the catalytic subunit of human phosphatidylinositol 3-kinase
(PI3K). PI3K signaling pathway has appeared as a critical player in several regulations
of biological mechanisms. Fundamentally, PI3K signaling influences brain functioning
by triggering the regulation of synaptic plasticity, increasing the capacity of adult
neuronal progenitor cells. These relations indicate the influential role of PI3K in healthy
brain functioning, aging and the longevity of organisms [31], [32], [33]. Studies exhibited
that worms with the loss-of-function mutation at age-1 have survived longer than the
wild-type C. elegans [34], [35]. This extension in longevity is mediated by the
antagonistic relationship between age-1 and daf-16. daf-16 has been identified as
producing a homolog of the human forkhead box O (FOXO) transcription factor and has
a remarkable relationship with age-1. In humans, the role of FOXO expression in
longevity studies was reported. In brief, the FOXO proteins behave as transcription
factors and the expression of FOXO is governed by the 11S pathway. The increase in PI3K

activity caused the phosphorylation of FOXO which acts as a negative regulator of FOXO



gene expression [36], [37], [38]. Meaningfully, in C. elegans, when the IIS pathway
downstream element age-1 is inhibited, the 11S pathway activity decreases. This decrease
diminishes the II1S pathway's inhibitory effect on daf-16 indirectly and daf-16 acts as a
transcription factor that promotes turning on the genes associated with longevity (Figure
1.3). Therefore, as a conclusion, reduction function mutation in age-1 could disrupt the
normal functioning of the 1IS pathway, leading to the elevation of the longevity-
promoting DAF-16 activity indirectly [13], [39], [40]. However, how the age-1 and daf-

16 gene expression fluctuations and relation affect longevity are not fully elucidated.
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Figure 1.3: The schematic representation of the 11S pathway for longevity. When the
signal is detected from the DAF-2/IGF1R receptor, this signal increases the activity of

AGE-1/PI3K as represented in the right part of the graph (purple arrows). This increased



activity triggers the intermediate elements and the inhibition of DAF-16/FOXO. On the
other hand, when AGE-1/PIK3 activity is reduced, DAF-16/FOXO is phosphorylated (the
left part, green arrows). This phosphorylation stimulates the translation of DAF-

16/FOXO into the nucleus to induce gene activity. The figure is formed in Bio Render.

On the other perspective, the elevation activity of DAF-16 is connected to germline
inhibition. Studies assumed that when germline ablation happens, activation of DAF-16
is triggered by the translocating of DAF-16 protein into the nucleus. These outcomes
cause an extension in the lifespan of C. elegans. This reproduction system's impact on the
I1S pathway promises a vital route for uncovering the profound relationship between

fertility and longevity [41], [42].

1.3. Lithium chloride (LiCl) treatment and Effect in C.

elegans

Pharmaceutical applications became a prevalent trend in longevity research. Lithium
chloride (LiCl) is emerging as a candidate drug within this rising trend of pharmaceutical
applications in longevity research. LiCl become more and more popular in treating mood
disorders like bipolar disorder and lithium's therapeutic effects extend beyond mood
stabilization. For its action mechanism, various pathways are assumed as potential
contributors of LiCl. One proposed mechanism is glycogen synthase kinase-3p (GSK-
3pB), a serine/threonine kinase that affects many different cellular functions such as

growth, autophagy and apoptosis [43], [44], [45]. Fundamentally, LiCl inhibits GSK-3p.



In the inhibition of GSK-3pB pathway, PI3K is one of the key elements. When the
stimulator like insulin attracted to the receptor, PI3K becomes active and phosphorylates
the Protein kinase B (AKT). AKT phosphorylation triggers further phosphorylation of
GSK-3p at Ser 9 residue. This last phosphorylation causes the inactivation of GSK-33
and this dynamic relationship between PI3K and GSK-3p regulates the balance in cellular
signaling pathways. Potentially, these interactions lead to enhanced cellular survival and

stress resistance as hallmarks of longevity [46], [47].

LiCl is being investigated for its potential use in studies on aging, age-related diseases,
and life span extension [48], [49]. The study revealed that LiCl treatment has an inverse
relationship with mortality rates in individuals with Alzheimer's disease, leading to a
reduction in overall mortality rates [48]. The neuroprotective properties and ability to
modulate several cellular pathways implicated in longevity create this potential effect.
These researches extend beyond human cells to include model organisms such as C.
elegans and Drosophila melanogaster [49], [50]. Due to its benefits, C. elegans is the
most powerful and popular model organism to reveal the LiCl effect. Studies suggested
that LiCl can increase stress resistance, enhance protein quality control and influence gene
expression through GSK-3p inhibition, known to regulate and extend lifespan in C.
elegans [49], [51]. Furthermore, lithium treatment has been observed to decrease the
expression of certain genes while increasing the expression of others [49]. As discussed
in Chapter 1.2, the targeted genes of this study, age-1 and daf-16 are the milestone
elements to regulate the longevity of C. elegans. However, the LiCl effect on these gene

expressions and the precise mechanisms underlying its therapeutic effects remain elusive.



1.4. Circadian Rhythm in C. elegans

Circadian rhythm refers to the 24-hour cycle of physical, biological, mental, and
behavioral changes in an organism, encompassing day/night cycles. Circadian rhythm
describes behavioral and physiological changes that organisms make in response to
environmental factors such as temperature, light, and food availability. These changes are
also viewed as results of an internal, autonomous system that counteracts the passage of
time [52], [53]. In 2017, Michael W. Young [54], Jeffrey C. Hall, and Michael Rosbash
[55] were awarded the Nobel Prize in Medicine for their research on circadian rhythm.
They isolated a gene that controls daily life rhythm, naming it ‘period’, and its
corresponding protein ‘PER’. It was shown that this protein accumulates at night and
affects the activity of the period gene. Additionally, another gene affecting the function
of the period gene, named ‘timeless’, and its protein ‘TIM’, was identified. The TIM
protein binds to the PER protein, inhibiting the period gene activity [55], [56]. This
groundbreaking research has the potential to explain how plants, animals, and humans
adapt their biological rhythms to synchronize with the Earth's revolutions, providing
insights into various aspects of physiology such as digestion, meal timing, endocrine

hormone regulation, and energy expenditure [57].

A study conducted in 2002 demonstrated that, in addition to model organisms like fruit
flies and mice, C. elegans also possess circadian rhythms by proving their disrupted
circadian rhythm period with the alteration in light condition [58]. Subsequent research

by various groups has supported this finding over time [59], [60], [61]. Due to its natural

10



habitat insoil, C. elegans is exposed to temperature fluctuations corresponding to sunlight
during day-night cycles with a homolog of per gene; lin-42 and homolog of tim gene;
tim-1 [62]. Additionally, when associated with surface-dwelling species, it is likely that
C. elegans experience daily light-dark cycles [63] and have a photosensation ability [64].
Their transparent bodies enable them to penetrate light and influence the internal

photoreceptor cells to respond to the alterations.

Significantly, LITE-1 is the responsible protein for this photosensation. It belongs to the
invertebrate taste receptor family and shows exceptional efficiency about 10-fold higher
than usual photoreceptors [65], [66]. At the molecular level, upon light exposure, lite-1
undergoes a conformational change that initiates a signaling cascade within the sensory
neurons of C. elegans. Recruitment of the signaling cascade stimulates the downstream
signaling molecules, ultimately leading to changes in gene expression and behavioral
responses [66], [67], [68]. Therefore, lite-1 gene activity could be required for elucidating
the association between sensory inputs and physiological and developmental processes in
C. elegans. Detection of light through lite-1 provides adaptation and adjustment to
worms’ behavior and physiology as a result of light fluctuations in their environment [64],

[66], [69].
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1.5. Combinational Impact of Circadian Rhythm and

LiCl Administration

Interruptions in circadian rhythm and duration of sleep have been widely observed across
a range of neuropsychiatric disorders, including bipolar disorder [70], [71], [72]. Bipolar
patients’ difficulties induce less requirement for sleep by shortening their circadian phase.
This shorting refers to the fast running of the internal clock which is the indicator of
improper sleep cycle and early occurrence of daily rhythm. It has been observed that
bipolar patients undergoing LiCl treatment experience better-adapted circadian phases by
delaying this rhythm to a normal diurnal rhythm [73], [74], [75]. This and supporting
studies highlight the link between these two concepts and suggest that LiCl's known
effects on GSK-3B and the IIS pathway are both involved in circadian rhythm regulation,

possible influencers of this period-lengthening [76], [77].

In C. elegans, TAX-2 and TAX-4 are subunits of a cyclic nucleotide-gated (CNG)
channel. These channels are crucial for sensory transduction, particularly in chemo-
sensation and photo-sensation. TAX-2 and TAX-4 work together to mediate responses to
light condition changes as photoreceptors, which can influence the organism's internal
biological clock. Fundamentally, they encode for subunits of a heterodimeric
transcription factor complex that regulates the expression of clock genes. These clock
genes, in turn, control the rhythmic expression of various downstream genes crucial for
maintaining a healthy circadian cycle [61], [63]. Additionally, how LiCl treatment affects

the activity of tax-2/-4 gene expression requires further investigation. Consequently, the
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interplay between LiCl treatment and the TAX-2/TAX-4 signaling pathway in regulating
circadian rhythms is a promising area of research. LiCl may enhance or stabilize the
sensory signaling mediated by TAX-2 and TAX-4, leading to more robust entrainment of

the circadian clock in response to the alteration of light conditions.

1.6. Significance of the Study

This study hypothesizes that LiCl treatment can alter the adverse effects of circadian
rhythm disruptions and reverse the aging process of C. elegans (Figure 1.6). In order to
test this hypothesis, there are three primary objectives. The first is to comprehensively
identify the changes that occur in the circadian rhythm of C. elegans due to variations in
light conditions. Despite research demonstrating the presence of circadian rhythms and
some aging-related changes triggered by light alterations [66], the specific gene
expression involved in this mechanism has yet to be fully elucidated. Remarkably, the
reference research was conducted at a temperature of 22°C, while our current study was
carried out at 20°C. This temperature change is a very critical factor to consider. This is
because, as shown in studies, 20°C constitutes the standard optimum growth condition of
C. elegans. At lower temperatures, there is a temperature-dependent extension in the
typically determined lifespan (~ 4 weeks), and generation time (~ 5 days) compared to
normal conditions. Conversely, higher temperatures result in a shortening of lifespan (~
2 weeks), a reduction in egg production and life cycle (~ 2.5 days) and unexpected
transcriptomic changes due to temperature differences [21], [78]. This variance in

temperature is of significance due to its impact on the alteration of circadian rhythm.
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Therefore, as an initial significance of this study, it will provide a vital understanding of

the changes in circadian rhythm.

Bipolar individuals with abnormal
circadian rhythms experience
periods of mania and depression.

Increased wakefulness at night
and increased sleep during day.

Figure 1.4: The illustration of LiCl treatment and Circadian rhythm association on
longevity [73], [79]. Bipolar individuals experience periods of mania and depression, also

has abnormal circadian rhythms.

The second objective is to determine the alterations caused by LiCl treatment and its role
in circadian rhythm and aging. In this study, we aim to investigate the impact of LiCl
administration on specific gene expression and its associated patterns in life span
extension at various developmental time points. This research endeavors to provide

valuable insights into the effects of LiCl on different stages of development.

Lastly, by combining the insights gained from the first two objectives, we aim to model

the role of these changes in longevity by investigating their combinational effect. Hence,
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this study aims to provide a comprehensive analysis of how circadian rhythm
manipulations and LiCl treatment affect longevity and aging in C. elegans. This
understanding could open new opportunities for future research on the genetic and

environmental factors influencing longevity and health span.
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CHAPTER 2

2. MATERIALS AND METHOD

2.1. Preparation of Buffers and Solutions

1 M LiCl solution: To prepare 1 M LiCl Solution, dissolve ~2,12 g LiCl with 50 ml
distilled H20O. The solution was sterilized by autoclaving at 121°C. The solution was

stored at room temperature.

Nematode growth media (NGM): 8.5 g agar, 1.5 g NaCl and 1,25 g peptone were
measured and dissolved in distilled H2O. The final volume is 500 ml and the prepared
NGM was sterilized by autoclaving at 121°C for 10 mins in liquid mode. After
sterilization, the NGM was cooled to 55°C and 500 pul of 5 mg/mL cholesterol in ethanol
solution, 500 ul of 1 M MgSQg, 500 ul of 1 M CaCl,, and 12.5 mL of 1 M KPO4 buffer

were added to cooled NGM, near the flame.

M9 medium: 1.5 g KH2PO4, 3 g Na2HPO4 and 2.5 g NaCl were dissolved in distilled

H>O. The final volume was 500 mL and autoclaved at 121°C. The prepared M9 medium
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was stored at room temperature. Before utilizing, the 500 ul of 1 M MgSO4 solution was

added near the flame.

KPOu4 buffer: 19 g KH2PO4, 10,5 g K2HPO4 and 160 ml distilled H20 were mixed and

sterilized by filter sterilization. The prepared solution was stored at room temperature.

5mg/ml Cholesterol solution: 0.25 g of cholesterol was softened in 100% ethanol. The
final volume was 50 ml with 100% ethanol and filter sterilization was done. The solution

was stored at 4°C.

1 M CaCl: solution: 1,47 g of CaCl».2H>O was measured and dissolved with distilled

H2O that fill up 10 ml distilled H>O. The mixture was filter-sterilized and stored at 4°C.

1 M MgSO4 solution: 2,46 g MgSO4.7H20 was weighted and dissolved with distilled

H-O that filled up 10 ml. The mixture was filter-sterilized and stored at 4°C.

2.2. Maintenance of C. elegans and Application of LiCl

In this study, Bristol isolate N2 wild-type strain of C. elegans was utilized and obtained
from the Caenorhabditis Genetic Center (CGC) at the University of Minnesota. The
nematodes were cultured on NGM agar plates. The NGM agar plates were prepared
according to the explanation in Section 2.1. In general, NGM plates are maintained at

20°C and prior to utilization, the plates were brought to room temperature in order to
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avoid the unplanned heat shock effect. Controlling temperature also aids in minimizing
any additional effect of temperature variation on biological processes, especially
circadian rhythms and aging. A lawn of OP50 bacterial strain of live Escherichia Coli
was used as a food source for C. elegans. C. elegans was cultured on 6-cm NGM plates
by using flame-sterilized platinum picks. Whole experiments were conducted at a

constant temperature of 20°C.

To comprehend the pharmacological effect, 10 mM LiCl which was obtained from
Thermo Fisher Scientific (Cat. No. AC449040000) was used in this experiment. This
concentration was chosen based on previous studies indicating its efficacy in altering
biological pathways relevant to aging and circadian rhythms [49]. For the administration
of LiCl, the calculated amount of 10 mM LiCl was added to NGM plates prior to the

solidification.

2.3. Circadian Rhythm Alterations

To understand the effect of circadian rhythm, the light condition changes were performed
as a zeitgeber. The experiment was performed in two groups; one was exposed to constant
darkness and the other to permanent light conditions. For whole experiments, white light
LED was used as a mirroring of artificial office LED light (peak at 450 nm). In the present
experimental setup, the spectra data of the used light source were collected in two distinct
methods. Initially, direct measurements were taken using an Ocean Optics-Flame-S-XR1

spectrometer. Subsequently, measurements were conducted using a fiber connector
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spectrometer with a 1-meter long, 400 um core diameter silica fiber attached. The analysis

of the spectrometer was performed by using Origin.

2.4. Age Synchronization of Nematodes

When the culture grown on 6 cm plates became gravid adult, plates were washed with 1
ml M9 buffer and collected into a 1.5 ml microcentrifuge tube. The collected samples
remained for precipitation. When the gravid adults were precipitated, the supernatant was
removed and washed again with 1 ml M9 buffer. These steps were repeated two more
times to ensure the removal of the bacteria from the samples. During the final
precipitation incubation, 1 ml bleaching solution was prepared freshly that contains 50 pl
of 10M KOH, 200 ul of 15% sodium hypo-chloride and 750 ul of autoclaved distilled
water. At the last removal of the supernatant, 1 ml of freshly prepared bleaching solution
was added. Then, immediately, the tubes were vigorously shaken for 3 minutes. During
this step, the condition of gravid adults was monitored with a stereomicroscope to ensure
proper bleaching. After 3 minutes, the samples were instantly centrifugated for 30
seconds at 2000 rpm at room temperature. The supernatant was removed and the egg
pellets were washed with 1 ml of M9 buffer. This washing step was repeated four more
times to eliminate the sodium hypo-chloride solution from samples. At the last washing,
the pellets were resuspended with 100 ul of M9 Buffer. The age-synchronized worms
were then counted using a stereo-microscope. The same number of worms (~2000) was

placed into each experiment group as explained in Chapter 3.1.1.
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2.5. Lifespan Assay

Lifespan measurement was performed to understand the consequence of longevity of C.
elegans as a direct method. After the synchronization of the age of worms, the lifespan
assessment was started and both circadian rhythm manipulation and LiCl treatment were
begun at this point. When worms reached the late L4 stage, 100 worms were transferred
to new experimental plates. This day was called day O as a starting period of the
experiment. Until day 7, the groups were checked and transferred to new plates every day
to eliminate the interference of egg laying. Every day, the animals were scored as alive,
dead and censored. If worms did not move or respond to gentle touch with a platinum
pick, these animals were grouped as dead and if worms dug into the NGM, they were
grouped as censored. After day 7, the experiment was checked every two to three days.

Kaplan-Meier analysis of lifespan data was done with GraphPad Prism 8.0.

2.6. Protein Isolation and Measurement of

Autofluorescence Accumulation

Approximately 2000 worms were subjected to protein extraction for each different time
point (47 hours (h), 53 h, 65 h, 73 h and 89 h). The samples were boiled at 95°C for 10
minutes. Subsequently, the samples were vortexed for 10 minutes at room temperature.
Then, the samples were centrifugated at 16,000 x g for 30 minutes at 4°C to separate crude

protein from the debris. The supernatants contained crude protein extract. The isolated
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proteins were stored on ice during the whole procedure to prevent degradation. To
determine the effect of the aging process by protein release with its autofluorescence
feature, a fluorescence spectrophotometer (Cary, Eclipse) was used. The obtained

outcomes were illustrated by using GraphPad Prism 8.0.

2.7. Confocal Imaging

To understand the signs of aging at 53h and 65h in more detail, DAPI staining was
performed. The slide preparation was performed under the stereomicroscope. 10 ul of C.
elegans in M9 buffer was placed on top of pre-sterilized microscopy slides. The excess
M9 buffer was removed with the aid of a tissue wiper (Kimtech™ Science Precision
Wipes). After ensuring the dry slides, 10 pl of 90% EtOH was added to on top of the
worms. 2 minutes of incubation was done for dry 90% EtOH and these two steps were
repeated four more times. At the last incubation, the DAPI stain was prepared at a final
concentration of 2 ng/ul. After the slides were dried, 8 pl of DAPI and mounting medium
solution were added to the slides. Slides were covered with cover glass and samples were

fixed with nail polish.

2.8. Sample Preparation and RNA Isolation

For this experiment, 47 h, 53 h, 65 h, 73 h and 89 h of C. elegans were collected. The
relevant samples were washed with M9 Buffer at their appropriate stage. For each group,

almost 2000 worms were utilized. The supernatant was removed when the precipitation
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of worms occurred. The pellet was washed again with 1 ml M9 buffer. These steps were
repeated until the bacterial content was removed from the samples. After allowing the
worms to precipitate, the methodology of total RNA extraction was performed. The
protocol was performed with the aid of Green et. al., 2020 [80]. 1 mL of RiboEx™
monophasic lysis reagent (Cat. No. 301-001) was added to each sample. The samples
were vortexed vigorously for 20 minutes at room temperature to lysed forms of worms
and make them soluble. Subsequently, 200 ul of chloroform was added and vortexed
occasionally during 15 minutes of incubation at room temperature to facilitate phase
separation. When the incubation period finished, the samples were centrifugated at 14,000
x g for 15 minutes at 4°C. The aqueous phase was carefully transferred into new
microcentrifuge tubes. Isopropanol was added to these samples in an equal volume of
agueous phase. Samples were inverted several times to mix the solution and incubated
for 10 minutes at room temperature. Following the incubation, the samples were
centrifugated at 14,000 x g for 20 minutes at 4°C. The supernatant was discarded and the
RNA pellets were washed with 1 ml ice-cold 75% ethanol. Then, centrifugation was
performed at 14,000 x g for 5 minutes at 4°C. After centrifugation, supernatants were
discarded and the pellets were dried. The dried RNA pellets dissolved with 20 pl of
RNase-free water. This period was supported with the incubation at 65°C for 5 min. This
step was followed by a vortex for 10 seconds at room temperature. Finally, samples were
centrifugated for 1 minute at 4°C and 14,000 x g. The supernatant was utilized as the
isolated RNA. The concentration of isolated total RNA was measured by Nanodrop 2000
(Thermo Fisher Scientific). The RNA concentration of each sample was adjusted to

around 200 ng per pl.
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2.9. The synthesis of complementary DNA

To produce complementary DNA (cDNA) from isolated total RNA samples, the iScript™
cDNA Synthesis Kit (Bio-Rad Laboratories, Cat. No. 1708841) protocol was applied for
each sample. This reaction was performed with 0.5ug RNA template, 4l of iScript RT
Supermix and the mixture's final reaction volume was brought to 20 ul with the addition
of nuclease-free water. The prepared reaction mixture was incubated at Bio-Rad C1000
Thermal Cyclers. The adjusted thermal cycling protocol was 5 minutes at 25°C for
priming, 20 minutes at 46°C for reverse transcription and 1 minute at 95°C for reverse
transcriptase inactivation. For Real-Time quantitative PCR assay, the synthesized cDNAs
were diluted with nuclease-free water at a 1:2 ratio and samples were stored at -20°C for

short-term usage.

2.10. Real-Time Quantitative PCR

GoTaq® gqPCR Master Mix (Promega, Cat. No. A6001) was utilized for the RT-gPCR
reaction. The qPCR condition was 5 minutes at 95°C, 15 seconds at 95°C, 1 minute at
60°C and 60°C to 95°C with increments of 0.5°C for 5 seconds S0 as to form melt curves.
The gene interests were normalized according to the act-1 housekeeping gene. In order to
analyze the meaning of the data, the 2-2AC method was used. This method allows for the
comparison of gene expression levels between different samples by normalizing the Ct

values of the target genes to the Ct values of the housekeeping gene and then normalizing
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the experimental group to the control group. Quantitative RT-PCR results were subjected
to statistical testing using 2-way ANOVA.

For different genes, the reaction mix preparation was different and these used reaction
mixtures indicated in Table 1. The efficiency of this experiment was checked with agarose
gel electrophoresis. Mainly, seven targeted genes were used in this study that are age-1,
daf-16, lite-1, tax-2, tax-4, lin-42, tim-1 and also, for the housekeeping gene, act-1 was
used. Except act-1 gene, the primers of targeted genes were designed with the help of
NCBI Primer Blast and OligoAnalyzer™ Tool. The primer sequence of these genes is
represented as:

Longevity;

age-1
Forward Primer: 5°- GCCGAGTCAAGGACAATACAC -3’

Reverse Primer: 5°- CTCCACATCCAGACATGACG -3’

daf-16
Forward Primer: 5’- CATCGTTTCCTTCGGATTTC -3’

Reverse Primer: 5°- CATCCATTCGTAAACTTGTGC -3’

Response to environmental factors;

lite-1
Forward Primer: 5°- GCTTCCTGAATCGTCGTTAC -3’

Reverse Primer: 5°- CAACTTCGGACCAGCAAATC -3’
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tax-2
Forward Primer: 5°’- GGAAATAACCCAGCACCAAC -3’

Reverse Primer: 5°- GAATTTGACCGAGCAACAAG -3’

tax-4
Forward Primer: 5°- GGTCGTTGTCTGGTATATTG -3’

Reverse Primer: 5°- CGTAGTCAGAATTAGGGTTG -3’

Circadian Rhythm;

lin-42
Forward Primer: 5°- GTATCTGCTCCCTTCCAATC -3’

Reverse Primer: 5°- GCTCATCCTCGAAAGTCTTC -3°

tim-1
Forward Primer: 5’- CGTTGAGGAGTACAGAGAGC -3’

Reverse Primer: 5°- CTTCAATGCTCCTGTCTTCAC -3’

Housekeeping gene;

act-1 [81]

Forward Primer: 5°- CCAATCCAAGAGAGGTATCCTTAC -3’

Reverse Primer: 5°- CATTGTAGAAGGTGTGATGCCAG -3’
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Table 1. The details of RT-gPCR reaction mixture for different genes.

Genes gPCR 10 uM Forward | 10 uM Reverse | Nuclease-free
Master Mix Primer Primer Water
age-1 Sul 0.20 ul 0.20 ul 3.6 ul
daf-16 5ul 0.25 ul 0.25 ul 3.5ul
lite-1 5ul 0.20 ul 0.20 ul 3.6 ul
tax-2 Sul 0.20 ul 0.20 ul 3.6 ul
tax-4 Sul 0.25 ul 0.25 ul 3.5u
lin-42 5ul 0.20 pl 0.20 pl 3.6ul
tim-1 5ul 0.15 ul 0.15 ul 3.7ul
act-1 S5ul 0.15 ul 0.15 ul 3.7 ul

2.11. Fertility Assay

Fertility assay was carried out spontaneously with lifespan measurement experiments.
The egg-laying occurred between day 2 and day 7. This reproduction activity was
monitored. During this period, fertile gravid adults were transferred to new plates daily.
After transferring the adults, the egg-containing plates were incubated for two days at

20°C. This incubation was conducted to ensure the counting of healthy brood size.
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CHAPTER 3

3. CIRCADIAN RHYTHM MANIPULATION

3.1. Experimental Groups and Treatment Conditions

In the scope of this experiment, there are four main experimental groups. These groups
are divided into light and dark conditions to induce circadian rhythm manipulation. In

addition, each dark and light condition contains a control group and a LiCl-treated group.

3.2. Ensuring Light Wavelength for Circadian Rhythm

Entrainment

Circadian rhythms are crucial for maintaining various biological processes by triggering
the regulation of sleep-wake cycles, fertility, hormone release and longevity in living
organisms [82], [83]. In C. elegans, circadian rhythms play a pivotal role in controlling
gene expression, metabolism, and stress responses. In this study, the light condition of C.

elegans was altered to understand the circadian rhythm effect.
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In this experimental setup, measurements were performed using two different light
sources; the white and the LED light. As humans, a considerable amount of our time is
spent in artificial light environments, such as offices, schools, and homes. Therefore,
office lights could be a powerful effector for our circadian rhythm. Consideration of how
these artificial lights affect circadian rhythms can provide insights into modern lifestyles
impact on our biological clocks [84]. The spectra of these light sources were measured
in two different ways. Measurements were first conducted directly using an Ocean Optics-
Flame-S-XR1 spectrometer. Then, a 1-meter long, 400 um core diameter silica fiber was
connected to the output of the spectrometer with a fiber connector for further
measurements. As indicated in Figure 3.1, the black, red, green, and blue solid lines
represent the spectra of the direct white light source, the white light measured with the
optical fiber, the direct office LED, and the office LED measured with the optical fiber,
respectively. The spectra ranged from 400 to 750 nm in wavelength. The white light
source demonstrates a peak at 450 nm and two broad regions between 480 and 750 nm.
Similarly, the office LED exhibits a peak at 450 nm and two regions between 490 and
720 nm. The experiment's findings demonstrate that the artificial light source utilized
closely resembles office lighting. This type of artificial light has a greater impact on
people's circadian rhythm, as it is more frequently encountered in their daily lives and

work environments [85].
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Figure 3.2: The spectra measurement of the utilized light source. The graph compares
the wavelength of the light source in nanometers versus normalized light intensity in

arbitrary units obtained from the light sources.
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CHAPTER 4

4. LONGEVITY

4.1. Impact of LiCl Administration and Light-Induced

Circadian Rhythm Manipulation on Longevity

In this section, the underlying effect of both LiCl treatment and light-induced circadian
rhythm change on the lifespan of C. elegans was examined. In recent decades, attempts
to improve the period of life passed in good health which is named as the health span of
organisms have been elevated. Therefore, the search for novel interventions also arises to
find how the organisms’ lifespan increases and the possibilities to lower the devastating
effects of aging. The pharmacological application is one of the possible pieces of

addressing these biological questions [66], [86].

As stated in section 2.1, the 10 mM LiCl administration was applied thanks to its profound
impact on longevity. Importantly, understanding the environmental factors’ effect is
another vital aspect. These environmental influences are fundamentally composed of
temperature change, irregularity in eating habits, stress factors, and notably, time of

exposure to light in daily life. Among these, light exposure has a critical role in revealing
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this effect because this is directly linked with the biological clock of living organisms.
The proper function of circadian rhythm is strongly correlated with better health span and
longevity. When this rhythm is disrupted with light, the relevance of biological processes
is also interrupted to trigger improper regulation in longevity. Therefore, the
combinational impact of both LiCl treatment and alteration in circadian rhythm is the

promising model for this inquiry.

As illuminated in Figures 4.1.1 and 4.1.2, the life span of C. elegans was determined in
both dark and light conditions with the LiCl-treated and control groups. In Figure 4.1.1
and Table 2, at constant-dark conditions, the life span of LiCl-treated worms was
increased by 33% when compared with the control group. This increase was exhibited
with a P-value lower than 0.0001. This showed the significant impact of 10 mM LiCl

treatment on the lifespan of C. elegans.

Table 2. The statistical representation of alteration in the lifespan of wild-type C. elegans

as a result of LiCl administration and light-induced circadian rhythm disruption

Median Median

Presence LiCl _ Number of | Biological
. o Lifespan | Lifespan
of Light | Administration worms Replicates

(Days) Change

- - 12 - 300 3
- + 16 +33% 300 3
+ - 11 -8% 300 3
+ + 14 +27% 300 3
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Figure 4.1.1: The lifespan determination of C. elegans under dark conditions. This graph

displays the percent survival according to the days of adulthood of C. elegans. The green

line indicates the control groups that did not undergo any treatment. On the other hand,

the orange line represents the 10 mM LiCl-treated group at dark conditions. The

experiment was performed at 20°C. **** denote a P-value lower than 0.0001.

At constant light conditions, the survival ratio was decreased by 8% according to their

normal condition (Table 2). With the presence of LiCl treatment as an addition to light

induction, the lifespan of C. elegans was 27% longer than the control group that lived at

constant light conditions. This longer lifespan difference was statistically significant with

a lower P-value than 0.0001 (Figure 4.1.2).
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Figure 4.1.2: The analysis of C. elegans’ lifespan under light conditions. This graph
compares the percent survival versus the days of adulthood of C. elegans. The green line
are the control groups that did not undergo any treatment at constant light. On the
contrary, the orange line denotes the 10 mM LiCl-treated group at light conditions. The

experiment was carried out at 20°C. **** symbolize a P-value lower than 0.0001.

4.2. The Autofluorescence Measurement of LiCl
Treated and Changed Circadian Rhythm C. elegans as

Aging Marker

Determination of the progressive pattern of aging is frequently challenging for C. elegans.

A recent study demonstrated that the autofluorescence property of C. elegans is a useful

33



non-invasive biomarker for assessing this aging pattern [28], [87]. C. elegans displays
another benefit for the determination of their change in the aging process. Significantly,
C. elegans accumulates autofluorescence with age. This natural increase in fluorescence
can be observed under specific wavelengths of light by using a fluorescence
spectrophotometer. This method has significance due to its non-invasiveness. In other
words, thanks to the functional property of non-invasive measurement, biological and
physiological changes that happen naturally within the organism can be measured instead
of the requirement of tissue biopsies or sample collection in an invasive way. These
measurements are valuable to enhance effectiveness by maintaining the well-being of the

C. elegans [28], [87].

In order to determine the impact of autofluorescence accumulation, fluorescence
spectrometry of isolated proteins was measured at 225-390 nm excitation made worms
fluoresce with the peak emission in the interval of 395-425 nm, at the highest peak 410
nm. In this experiment, distilled water and M9 buffer were used as blank solutions. The
significant effect of LiCl administration on the aging pattern was even represented in
Figure 4.2.1 (dark condition) and Figure 4.2.2 (light condition). In dark (Figure 4.2.1.B
and Figure 4.2.1.C), when comparing the used blank solutions, there were no significant
peaks at early response time points; 47 h and 53 h. For late response, control groups give
a peak at 65 hours and this pattern was similar to 73 h and 89 h at dark conditions. For
LiCl-treated groups, there was no difference between 47 h and 53 h at the early response.
When the LiCl exposure time increases, the aging indicator peaks become apparent for

the late response, particularly at 89 h. Prominently, the comparison between control and
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LiCl-applied groups indicated that the LiCl-treated groups were lower than the normal

effect of the prolonged exposure time according to control groups.

At light condition, there was no significance at 47 h. However, the autofluorescence
signal became apparent at 53 h, earlier than dark groups. From this point, the appearance
of peaks continues. Moreover, the difference was preserved between LiCl-treated and
control groups as similar to dark condition. This suggested that the non-invasive aging
biomarkers appeared in LiCl-treated groups, but the intensity was lower than in the

control groups at both dark and light conditions.
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Figure 4.2.1: The autofluorescence measurement of C. elegans at dark condition and LiCl application. The green points represent control

groups and the orange color is for LiCl-treated groups. The autofluorescence level was investigated (ex 330/em 350-600) by worm protein

samples at different time points. A- Blank solutions; distilled H20 and M9 buffer. B- 47 h. C- 53 h. D- 65 h. E- 73 h. F- 89 h.
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4.3. Understanding The Effect on Different Exposure

Periods

In Section 4.2, it was observed that the increase in autofluorescence signal, which is a
non-invasive marker, occurred with different time points in the dark and light groups.
Specifically, this significant accumulation started at 65 h in the dark group and at 53 hin
the light group. To further understand this difference, DAPI staining was conducted. The
main reason for this is that DAPI staining provides evidence about the cellular changes
associated with aging. Studies display that DAPI staining aids in visualizing the damage
caused by aging. the study conducted by McGee et al. showed that nuclear integrity and
nuclei in C. elegans decreased with aging, especially in intestine. This effect acts in a

manner related to cellular aging [88], [89].

In the dark groups, there was no difference in intensity between the LiCl-treated group
and the control group at 53 h, as seen in Figure 4.3.1. At 65 h, it is seen that the integrity
in the control group is higher than in the LiCl group (Figure 4.3.2). In the brightness
group, it is seen that the higher integrity and nuclei in LiCl-treated groups difference
started at 53 h (Figure 4.3.3) and continued at 65 h (Figure 4.3.4), proportional to the

result obtained in section 4.2.

38



Control Dark _53h

LiCl Dark_53h

Figure 4.3.1: The Confocal images of 53 h groups at dark conditions.

A- non-treated 53 h B- LiCl-treated 53h. The scale bar is 100 pm.
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Figure 4.3.2: The Confocal images of 65 h groups at dark conditions.

A- non-treated 65 h B- LiCl-treated 65h. The scale bar is 100 um.
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Figure 4.3.3: The Confocal images of 53 h groups at light conditions.

A- non-treated 53 h B- LiCl-treated 53h. (Scale bar: 100 um).
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Figure 4.3.4: The Confocal images of 65 h groups at light conditions.

A- non-treated 65 h B- LiCl-treated 65h. (Scale bar: 100 um).
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4.4. Determination of The Differential Gene Expression
Patterns Change with LiCl Treatment and Circadian

Rhythm Alteration

Differential gene expression analysis is a critical experimental procedure for elucidating
the underlying mechanism of biological processes and responses according to changes in
normal conditions. In this section, the differential gene expression pattern was
investigated for longevity. However, in this study, this differential gene expression
pattern was investigated for other two categories: response to environmental changes and
circadian rhythm. Table 3 presents these gene categories: age-1, daf-16, lite-1, tax-2, tax-

4, lin-42, and tim-1, along with their functions and human homolog information.

According to the aim of this section, utilizing the advantages of C. elegans, differential
gene expression pattern was investigated at different development stages to gain a
comprehensive understanding of the effects. Fundamentally, 47 h, 53 h, 65 h, 73 h and
89 h’ time points were investigated. Specifically, 47 h and 53 h were selected for early
responses, focusing on the L4 - late L4 stage. On the other hand, 65 h, 73 h, and 89 h were

chosen to study late responses, with a focus on young adulthood and adulthood.
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Table 3: The detailed list of targeted genes of this study

Category C. elegans Gene Function Human Homolog
Longevity age-1 Lifespan regulator PIK3CA
Longevity daf-16 Lifespan regulator FOXO03
Response lite-1 Light sensitivity -
Responsiveness to
Response tax-2
chemical- and photo- CNGB1/3
sensation
Responsiveness to
Response tax-4
chemical- and photo- CNGAL/2/3/4
sensation
Circadian
lin-42 Circadian rhythm gene PER2
Rhythm
Circadian
tim-1 Circadian rhythm gene TIMELESS
Rhythm
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4.4.1. Impact of Modification Following LiCl Treatment

and Changes in Circadian Rhythm: age-1 Expression

The age-1 gene is one part of the regulation of longevity and stress responses in C.
elegans. The expression significantly influences lifespan and the development of C.
elegans by connecting to the insulin/IGF-1 signaling pathway. Understanding the
correlation between age-1 expression and various treatments or conditions provides
valuable insights into the molecular mechanisms of aging and identifies potential targets

for therapeutic interventions aimed at promoting healthy aging [90], [91].

Lithium causes an abrupt decrease in age-1 expression levels in all conditions (except 47h
light). In most cases, the expression levels of age-1 were barely detectable. Being in the
light or dark did not change the age-1 expression levels. It was lithium exposure that
affected the levels significantly. In Figures 4.4.1.D and 4.4.1.E, it is evident that the
decrease in gene expression significantly increases with prolonged treatment duration in
both dark and light conditions. The impact of light exposure on the age-1 gene in
comparison to the control groups is not conclusively determined until 89 h. However, as
depicted in Figure 4.4.1.E, at 89 h, increased exposure leads to greater age-1 expression
in the light-exposed groups as opposed to the dark condition. This disparity is particularly
notable in the light-exposed group when contrasted with the control groups,

demonstrating a more noticeable expression (P-value <0.001).
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In the groups subjected to light and treated with LiCl, there is a marginal increase in gene
expression compared to the dark group, although lacking statistical significance. Notably,
the slightly higher expression observed in LiCl-treated light groups compared to the dark

group equalizes the same expression levels at later response stages (65h, 73h, and 89h).
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Figure 4.4.1: The relative gene expression of age-1 in a C. elegans model.
Quantifications were performed according to LiCl treatment and dark as well as light
conditions. Green bars: control, Orange bars: lithium, shaded area: dark, unshaded area:
light. * P<0.05, ** P<0.01, *** P<0.001.

A-at47 h, B-at53 h, C-at 65 h, D-at 73 h and E- at 89 h.

4.4.2. Impact of Modification Following LiCl Treatment

and Changes in Circadian Rhythm: daf-16 Expression

The daf-16 gene serves as a key regulatory element in governing the lifespan and ability
to withstand stress in C. elegans. It primarily operates downstream within the insulin/IGF-
1 signaling pathway. The gene's expression is vital for facilitating the impact of diverse
interventions that promote longevity and exposure to environmental stressors [42][63].
As a downstream effector of the insulin/IGF-1 signaling pathway, DAF-16 becomes
activated upon pathway inhibition, leading to the translocation of DAF-16 into the
nucleus where it regulates numerous gene expressions. The human FOXO family of
transcription factors serve as the functional ortholog of DAF-16, which play similar roles
(Table 1). The importance of daf-16 expression is underscored by its significant influence
on an organism's capacity to adapt to environmental stressors and its association with

enhanced longevity [42], [92].
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Starting from 47h and 53h, lithium causes a reduction in daf-16 levels, this reduction
becomes significant after 65h. Light or dark conditions did not have a significant effect
on daf-16 expression, however, in 73h, lithium treatment resulted in more reduction when
combined with the light. In 89h, although not statistically significant, lithium exerts its

effect in diminishing gene expression.

After the administration of LiCl, it is observed that there is a decrease in the expression
levels of daf-16 in both dark and light groups. This mirrors the findings related to the age-
1 gene (Figure 4.4.2). As evidenced in Figures 4.4.2.C and 4.4.2.D, the decrease
demonstrates a more significant statistical impact with extended treatment duration. In
contrast to age-1, the presence of light does not lead to a notable alteration in the
expression levels in either the control groups or the LiCl-treated groups. However, under
light variation and LiCl treatment, there is a significant decrease in daf-16 expression in
the light-exposed LiCl-treated groups compared to the dark-exposed groups, especially
up to 73h. As illustrated in Figure 4.4.2.D, this reduced expression shows a significant
decrease. However, by 89h, this trend is reversed, signifying an elevation in daf-16

expression within the light-exposed groups when compared to earlier time points.
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Figure 4.4.2: The relative gene expression of daf-16 in a C. elegans model.

Quantifications were performed according to LICl treatment and different light

conditions. Green bars: control, Orange bars: lithium, shaded area: dark, unshaded area:

light. * P<0.05, *** P<0.001.

A-at 47 h, B-at53 h, C-at 65 h, D- at 73 h and E- at 89 h.
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4.5. LICl Treatment and Light-Induced Circadian
Rhythm Affects the Fertility Efficiency of C. elegans

The relation between the efficiency of fertility and longevity is another critical
characteristic of improving health span. The rate of reproduction and sustaining this
capability to produce offspring means being fertile. This is a highly crucial topic for the
continuation of living organisms and the opportunity for conveying genetic materials to
generations. C. elegans is one the animals that has this advantage with high reproduction
capacity as explained in section 1. 1. Longevity and health span concepts are effectors of
reproduction efficiency. Fundamentally, the longevity regulator pathway, 1IS is also a
key regulator element for controlling fertility by affecting the reproduction and growth
decision mechanism. Studies revealed that there is a direct association between the
lifespan extension of C. elegans and the reduction in germline. For this prominent effect
is facilitated through the modification of the nuclear localization of the DAF-16
transcription factor, a downstream element of the 11S pathway. This modification shares
an essential regulatory effect for longevity. Studies assumed that the occurrence of
germline reduction could be one of the significant players in lifespan extension. The
ablation or genetic disruption occurs in the germline, and the translocation of DAF-16
happens to the nucleus. Ought to this essential alteration, essential genes’ activity which
are involved in stress resistance, metabolism, and longevity. This dynamic regulation in
the 11S pathway highlights its significant role in maintaining the stability between
reproductive activity and lifespan. Therefore, the analysis of fertility provides insights
into the activity of daf-16 [93], [94], [95], [96]. In this part, the profound effect of changes

in the lifespan and normal living conditions of C. elegans on reproduction was examined
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to understand the change in daf-16. Similarly, the light-affected change in circadian

rhythm and LiCl treatment were examined for the assessment of reproduction efficiency.

In the constant dark condition, control groups produced higher brood size than LiCl-
treated groups (Figure 4.5.1.B). When the daily reproduction efficiency was investigated,
the control group started the progeny production on Day 2. On the other hand, the LiCl-
treated worms began to reproduce on Day 3 with a lower number and finished one day
later than the control group. As depicted in Figure 4.5.1.A, the daily brood size did not

exceed the control groups.
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Figure 4.5.1: The total counts of brood size comparison between control and LiCl-treated
groups at dark conditions. The green bars represent the control group that received no

treatment and the orange bars are the LiCl-treated groups at constant dark.
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Figure 4.5.2: The effect of LiCl administration on brood size of C. elegans in a daily
manner. The green bars signify the control group that received no treatment and the

orange bars are the LiCl-treated groups at constant dark.

Similar to dark condition, constant light triggered the reduction in LiCl-treated groups
when compared to controls (Figure 4.5.3). Additionally, the reproduction started on Day
2 for control groups and for LiCl-treated groups, it started on Day 3. On a daily basis, the
produced brood size of LiCl-administered C. elegans did not exceed the number of brood

sizes in control groups (Figure 4.5.4).

Meaningfully, in order to assign the effect of circadian rhythm alterations by changing
light, the dark and light conditions were compared (Figure 4.5.5). As illuminated, the
control group at constant dark condition produce more brood size than other groups. At
both conditions, LiCl treatment caused a reduction in brood size when compared to

controls. This reduction is slightly lower at constant light.
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Figure 4.5.3: The total counts of the brood size comparison between control and LiCl-
treated groups at light conditions. The green bars represent the control group that received

no treatment and the orange bars are the LiCl-treated groups at constant light.
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Figure 4.5.4: The effect of LiCl administration on brood size of C. elegans in a daily
manner at light conditions. The green bars signify the control group that received no

treatment and the orange bars are the LiCl-treated groups at constant light.
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Figure 4.5.5: The comparison of C. elegans’ brood size at different light conditions and
LiCl treatment. Green bars are the control groups and orange bars are the LiCl-treated

groups.
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CHAPTER 5

5. RESPONSE TO ENVIRONMENTAL CHANGES

5.1. Impact of Modification Following LIiCl Treatment

and Changes in Circadian Rhythm: lite-1 Expression

This section focused on investigating the pattern of the lite-1 gene expression to ascertain
its capability in detecting and responding to light stimuli. The lite-1 gene encodes a G-
protein-coupled receptor-like protein that exhibits high sensitivity to ultraviolet (UV) and
blue light, thereby facilitating critical phototransduction processes necessary for the
organism's survival and adaptation to its environment. Its pivotal role in
phototransduction enables the organism to perceive and react to light stimuli, significantly
influencing behavioral responses to changes in light conditions, which are essential for

circadian rhythm regulation [64].
Significantly, according to the current literature, there is no direct human ortholog of the

lite-1 gene. However, the presence of light-sensitive proteins and photoreceptors in

humans allows for correlating how lite-1 gene activity reflects in the photosensation of
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C. elegans. For this study, understanding the differentiation pattern of lite-1 is crucial for

assessing the impact of light condition changes and the presence of LiCl on C. elegans.
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Figure 5.1.1: The relative gene expression of the lite-1 expression in a C. elegans model.

Quantifications were performed according to LiCl treatment and different light
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conditions. Green bars: control, Orange bars: lithium, shaded area: dark, unshaded area:
light. * P<0.05.

A-at47h, B-at53 h, C-at65h, D-at 73 h and E- at 89 h.

The expression changes of lite-1, a gene responsible for detecting changes in light
perception and producing appropriate responses, exhibit a distinct pattern compared to
longevity genes. Notably, no significant difference in lite-1 expression was observed
between the control groups under light and dark conditions. However, the introduction of
LiCl treatment altered this expression pattern. As depicted in Figure 5.1.1.A, there was
an increase in lite-1 expression in both the light and dark groups at 47 h following LiCl
treatment as early response of lite-1. From this 47-hour time point onward, in the light
groups, lite-1 expression decreased compared to the control groups, and this reduction
became statistically significant, as represented in Figures 5.1.1.C and 5.1.1.E with a P-
value lower than 0.05. At 89h, although the control groups have regular lite-1 expression,

lithium treatment diminishes expression drastically.

5.2. Impact of Modification Following LIiCl Treatment

and Changes in Circadian Rhythm: tax-2 Expression

In C. elegans, the tax-2 gene holds considerable implications due to its essential role in
sensory perception and behavioral responses. tax-2 encodes a CNG ion channel subunit
that is predominantly expressed in the sensory neurons of C. elegans. These neurons are

essential for detecting environmental cues. Exploring tax-2 provides valuable insights
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into the molecular mechanisms involved in sensory processing and neuronal signaling.
Therefore, this enhances our understanding of neurobiology. This property makes tax-2
as a promising target for pharmacological interventions aimed at modulating sensory
perception and behavior. Investigating tax-2 in C. elegans facilitates the screening of
novel compounds and the evaluation of their effects on neuronal function, offering
potential avenues for drug discovery and development. In this study, LiCl administration
was employed as a pharmacological intervention to elucidate its impact on sensory

perception at the molecular level [97], [98], [99].

In addition to its chemo-sensation property, tax-2 plays a key role in mediating behavioral
responses to sensory stimuli, particularly in mechanosensation and photosensation. The
study of tax-2 is instrumental in understanding the transduction of sensory information
into behavioral responses, thereby shedding light on the mechanisms that govern
behavioral plasticity and adaptation. This provides valuable insight into how changes in
circadian rhythm can lead to alterations in the sensory perception of C. elegans [65], [66],

[100].
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Figure 5.2.1: The relative gene expression of the tax-2 in a C. elegans model.
Quantifications were performed according to LiCl treatment and different light
conditions. Green bars: control, Orange bars: lithium, shaded area: dark, unshaded area:
light. * P<0.05, ** P<0.01, **** P<(0.0001.
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At 47h, lithium has contrasting effects on tax-2 gene expression; it increases the
expression under dark conditions, whereas it decreases under light conditions. In the dark,
the difference between lithium and control is significant, as well as the expression levels
between light and dark, under the influence of lithium. This disparity is lost in 56h and
emerges back in 65h; reminiscent of a circadian curve. Then strikingly, after 73h, lithium
causes a suppression of the gene levels up to a barely detectable level. Apparently, light

or dark conditions do not affect the tax-2 levels, but lithium does, significantly.

In the early-stage response (at 47 and 53 h), the expression in the light control groups is
higher compared to the dark groups. However, as the exposure duration increases, this
pattern reverses, with the dark control groups exhibiting higher expression levels. When
examining the effect of light exposure on LiCl treatment, it is observed that at all times,
there is less tax-2 expression in the light control groups compared to the dark control
groups. At 73 h, this reduced expression value decreases significantly. In contrast to the
dark condition, while higher expression values are observed in the control groups at 47
and 65 h, decreases are observed at other time points. However, at 73 h, this expression

change occurs significantly.

The effect of LiCl treatment on the tax-2 gene, on the other hand, generally results in
lower expression compared to the control groups. As shown in Figure 5.2.1.D, this
decrease is significant at 73 h. However, at 47 h, there is notably higher expression in the
dark compared to the control, and importantly, the effect of LiCl in the dark group is
statistically significantly higher compared to the light group. A similar trend is also

observed at 65 h (Figure 5.2.1.C).
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5.3. Impact of Modification Following LiCl Treatment

and Changes in Circadian Rhythm: tax-4 Expression

tax-4 is even responsible for the regulation of sensory perception and behavioral response
when environmental conditions are altered with chemicals, temperature and the presence
of light. Similar to tax-2, this is essential for encoding a subunit of a CNG ion channel
and shares functional similarities with human genes involved in sensory transduction,
such as those CNG channels (Table 1). These channels are involved in the sensory
systems such as vision and olfaction in humans. Therefore, monitoring of tax-4 gene
alteration gives insights into the impact on sensation ability which is similar to sensory

and signaling mechanisms in humans [99].
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Figure 5.3.1: The relative gene expression of the tax-4 in a C. elegans model.

Quantifications were performed according to LiCl treatment and different light
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light. * P<0.05.
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When comparing the control groups under light and dark conditions, it is observed that at

53 h and 65 h, there is a higher expression of the gene in the dark conditions. However,

by the 73-hour and 89-hour time points, this difference in gene expression between the

light and dark conditions becomes nearly equal.
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In the presence of LiCl treatment, the pattern of gene expression did not represent a
distinct trend. Specifically, except for the 65-hour time point, the expression levels in the
dark-treated groups are generally lower compared to the control groups. As illustrated in
Figure 5.3.1.C, this decrease in expression becomes statistically significant at 73 h,
highlighting a notable reduction in gene activity due to LiCl treatment under dark
conditions. Conversely, under light conditions, LiCl treatment does not produce a
statistically significant difference in gene expression when compared to the control
groups. However, it is noted that higher expression levels are observed in the LiCl groups

than in dark groups at 53 h and 89 h, despite the absence of statistical significance.
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CHAPTER 6

6. CIRCADIAN RHYTHM

6.1. Impact of Modification Following LiCl Treatment

and Changes in Circadian Rhythm: lin-42 Expression

As a result of the manipulation of light conditions, controlling circadian rhythmicity is a
key aspect of understanding its molecular behavior. For this assignment, lin-42 gene
expression is the critical element in the biological clock of C. elegans, because it is the
ortholog of the period (per) gene in humans. This is the main regulator for developmental
timing and the circadian rhythm which helps the C. elegans synchronize its physiological

processes with environmental cycles [101].

The differential gene expression pattern of lin-42, which plays a critical role in regulating
circadian rhythms, exhibited similar expression levels in the control groups under both
light and dark conditions. However, the influence of LiCl treatment on lin-42 expression

varied significantly depending on the specific time points of exposure.
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Initially, at 47 h, there were no significant differences in lin-42 expression between the
control and LiCl-treated groups, indicating the minimal early effects of LiCl treatment.
At the subsequent time points of 53 and 65 h, a marked change was observed. There was
a statistically significant increase in lin-42 expression in the LiCl-treated groups
compared to the control groups at these time points. This increase was apparent under
both dark and light conditions, highlighting that the upregulation of lin-42 by LIiCl is
robust across different environmental lighting conditions. Specifically, at 53 h, the
increase in lin-42 expression in the light-presence group had a P-value lower than 0.05,
indicating statistical significance. At 65 h, the dark-treated group showed a P-value lower
than 0.01, and the light group showed an even more significant P-value lower than 0.001.
However, this trend reversed with further prolonged exposure. From 73 h onward, lin-42
gene expression began to decrease in the LiCl-treated groups compared to the control
groups. This reduction in expression continued and became statistically significant by 89
h. As shown in Figure 6.1.1.E, at 89 h, the decrease in lin-42 expression was significant,

with a P-value lower than 0.05.
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6.2. Impact of Modification Following LiCl Treatment

and Changes in Circadian Rhythm: tim-1 Expression

The tim-1 gene in C. elegans is another vital component of the circadian rhythm
regulatory system. This gene is homologous to the timeless (tim) gene in humans which
plays a fundamental role in maintaining and regulating circadian rhythms. Similar to the
lin-42 gene, the elucidation of these genes' function helps to offer new insights into
potential therapeutic targets, developmental biology and also, and improving health

conditions [102].

Similar to lin-42, another gene integral to circadian rhythm regulation, tim-1, did not
exhibit a significant difference in expression levels between the dark and light control
groups. This suggests that, under normal conditions without a treatment, the expression
of tim-1 remains consistent regardless of the environmental lighting conditions. However,
the influence of LiCl treatment on tim-1 expression presented a distinct pattern. At 47 h,
tim-1 expression did not show significant changes in the LiCl-treated groups compared
to the controls, indicating that the initial response to LiCl is not immediate for tim-1. This
absence of a significant effect at 47 h implies that tim-1's reaction to LiCl treatment

requires more extended exposure to become apparent.

Beyond the 47 h, LiCl treatment resulted in a consistent decrease in tim-1 expression at
subsequent time points. This downregulation of tim-1 was significant, as illustrated in

Figures 6.2.1.B and 6.2.1.C. The data indicate that at various later stages of exposure,
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LiCl exerts a suppressive effect on tim-1 expression. This suppression suggests that LiCl
has a potent inhibitory effect on the gene’s activity over time. Additionally, when the
effects of LiCl treatment were examined separately in the dark and light groups, an
interesting pattern emerged. Although the overall trend was a decrease with LiCl
treatment, tim-1 expression was slightly higher in the light-present groups compared to

the dark groups.
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CHAPTER 7

7. CONCLUSION AND FUTURE PROSPECTS

7.1. Conclusions

This study was initiated with curiosity about how environmental and biological variance
influences organisms' lifespan, which is one of the popular research areas. To address
this question, LiCl was used as a targeted drug, the potential effects of which have been
shown but not fully understood. One of the significant references in this study is the work
of McCol and colleagues, which demonstrated a correlation between intake of a specific
lithium dose and increased lifespan [49]. These studies suggested that LiCl treatment
increases the response to stress factors such as oxidative and hypoxia-induced in C.
elegans. For instance, LiCl could be targeted SKN-1 which is the transcription factor and
IS required for response to oxidative stress. SKN-1 accumulated with the case of
oxidative stress and LiCl acts as a depressor to activate the response [49], [103].
Moreover, critical chemosensory response is also found to link with LiCl treatment. One
of these is the hypoxia response. The administration of LiCl triggers the adaptation to
hypoxia conditions by mediating HIF-1 which is essential for the regulation of
hydroxylation and chemosensory response [104]. Therefore, LiCl is an essential target

for longevity studies.
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Most commonly, LiCl is used for regulating unstable mood fluctuations in bipolar
patients, providing an important treatment opportunity. How does the widespread use of
LiCl in bipolar disorder treatment trigger these effects? Remarkably, research addressing
this question points to the disruption of circadian rhythms in bipolar patients as a target
[70], [105]. The circadian rhythm represents our biological clock; hence it plays a role in
regulating many biological mechanisms and pathways, such as aging and metabolic
activity regulation. Studies imply that disrupted circadian rhythms in bipolar patients
must be considered regarding irregular neurological activity [106], [107]. Although the
fundamental mechanism of this effect is not fully elucidated, it is known that LiCl
interacts with clock genes to regulate this rhythm [107]. This interaction helps stabilize
the disrupted circadian rhythm. As explained in section 1.3, research has primarily shown
that the effects of LiCl occur primarily through GSK3p and are associated with cellular
processes, homeostasis, and various pathways. These effects include important factors
affecting lifespan. For example, the Wnt signaling, mammalian target of rapamycin
(mTOR) and 1S pathways interact to potentially alter lifespan. Furthermore, research
indicated that LiCl affects development, reproduction and maturation [108], [109]. As
these studies indicate, the effect of LiCl requires further investigation to understand the
main effectors and their relationships. Accordingly, this study aims to understand how
LiCl induces this change in circadian rhythm and how this effect combines to affect

lifespan.

The thesis was conducted utilizing the advantages of the C. elegans model organism. The
study was advanced by examining three main areas: aging, response to manipulations,

and circadian rhythm in C. elegans model organism. Primarily, manipulation of both

71



LiCl application and light changes triggered circadian rhythm disruption was attempted
to understand their effects on lifespan. The experimental results show an increase in
lifespan by 33% in darkness and 27% in light conditions with LiCl intake. This indicates
that LiCl application affects lifespan both under normal conditions and when circadian
rhythms are disrupted. The effect of circadian rhythm on lifespan resulted in an 8%
decrease when manipulated with light (Table 2, Figure 4.1.1 and 4.1.2). Notably, these
results indicate the presence of an associated mechanism of action between LiCl and

circadian rhythm and their effect on lifespan.

Furthermore, the developmental effect of this relationship was investigated by examining
early (47 h and 53 h) and late responses (65 h, 73 h, and 89 h). The developmental effect
was monitored starting from the L4 stage. When measuring the accumulated
autofluorescence signal associated with aging, an increase in signal intensity was
observed with the duration of both light and dark conditions at late stages. Outstandingly,
this elevation started at 65 h for darkness (Figure 4.2.1), although, it started at 53 h for
constant light (Figure 4.2.2). However, this natural increase in intensity was reduced

with LiCl treatment as consistent with the findings of lifespan experiments.

In order to better display this hour difference, confocal imaging was carried out (Chapter
4.3). Nuclear integrity loss, especially in the intestine is a sign of aging was tried to
determine. The results illuminated that at 53 h, the dark groups showed similar integrity,
while at 65 h, this integrity was disrupted for control groups. For light conditions, the

lost integrity was displayed at 53 h and continued at 65 h. These results were matched
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with the autofluorescence measurement that suggested early disruption when C. elegans’

circadian rhythm was manipulated with light.

Further, to deepen the impact on longevity, the differential gene expression pattern was
determined with longevity genes: age-1 (Figure 4.4.1) and daf-16 genes (Figure 4.4.2).
Studies suggest that the decrease in the age-1 gene affects the decrease in the activation
of the PI3K pathway and inhibits the IIS pathway. This inhibition allows the DAF-16
transcription factor to remain in the nucleus and activate genes that extend lifespan [31],
[110]. The relationship between the effect of LiCl on the age-1 gene and daf-16 was
examined, and the results showed a reduction in both age-1 and daf-16 gene expression
with LiCl treatment. This result is noteworthy because a reduction in age-1 gene
expression is associated with longevity while a decrease in daf-16 gene expression is
associated with shortened lifespan. To better understand the obtained results, changes in
reproduction were examined. The primary reason for this is that studies suggest if
reproductive health is damaged, the DAF-16 gene is displaced to the nucleus, similar to
when there is a reduction in the age-1 gene. This relocation leads to an increase in daf-
16 expression, which positively impacts lifespan [41], [92]. Figure 4.5.5 shows a
significant decrease in reproduction with LiCl treatment that needs to trigger the daf-16
gene expression. Therefore, this reduction indicates that the extension of lifespan caused
by LiCl is not related to daf-16 but has a stronger association with age-1. Therefore, the
decrease in reproduction with LiCl treatment might be indirectly connected to the age-1

gene.
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Additionally, when examining the effect of circadian rhythm on these genes, it was found
that there is no significant effect on the daf-16 gene. Conversely, for the age-1 gene, the
impact of circadian rhythm is not evident up to 89 hours. At this advanced time point, it
is seen that the light-manipulated circadian rhythm groups are more expressed than the
dark control groups. This could explain the observed 8% reduction in lifespan in a
meaningful way (Table 2). As related to the influence of LiCl treatment, the light-induced

circadian rhythm effect on longevity could be through the age-1 gene.

For circadian rhythm, which was determined as another area of the study, clock genes:
lin-42 and tim-1 were targeted and the effect of LiCl was tried to be investigated.
Previous research suggests that lin-42 is correlated with improved health and regulation
in the developmental timing of C. elegans by regulating circadian rhythms [102], [111],
[112], [113]. However, the interaction between the tim-1 and lin-42 genes still requires
investigation. In the current study, a noteworthy trend was observed in the expression of
the lin-42 gene when exposed to LiCl. Initially, up to 73 hours, there was a significant
increase in expression in the groups treated with LiCl. However, at 73 and 89 hours, a
notable decrease in expression was observed in the LiCl-treated groups, indicating the
effect on life cycle changes (Figure 6.1.1). As for the tim-1 gene, this effect became
evident at 53 hours and this change continued (Figure 6.2.1). In summary, the influence
of LiCl on circadian rhythm genes could be substantial. It suggests that exposure to LiCl
triggers mechanisms that are effective for lifespan and generation cycles. However, this
depends on the exposure time and has specific hourly thresholds relevant to circadian

rhythm genes.
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Finally, the study is designed to comprehend the effects of responses to these
manipulations. For this purpose, popular response genes lite-1, tax-2, and tax-4 were
examined. These genes play a crucial role in understanding responses to environmental
stimuli. The lite-1 gene encodes a photoreceptor protein that provides sensitivity to light.
It helps detect light signals and transmits them to cellular response pathways. This aids

in enabling the organism to avoid harmful light sources.

tax-2 and tax-4 are involved in the detection of chemical and circadian rhythm changes
in C. elegans and facilitate responses to these stimuli. These genes regulate signal
pathways in neuro-sensory cells, forming appropriate behavioral responses to
environmental stimuli. This enables the organism to quickly adapt to environmental
changes. The molecular mechanisms regulated by these genes play a critical role in
developing adaptive responses to environmental stress factors, enhancing survival, and

potentially extending lifespan.

In the current study, lite-1 gene expression was generally high up to 73 hours in the dark
groups treated with LiCl, followed by a decrease after 73 hours. This change in lite-1
gene expression indicates that adaptation to the chemical stimulus of LiCl in the dark
was rapid, but as exposure time increased, this response could no longer be compensated.
Similar results were observed for the tax-2 and tax-4 genes. Thus, it was found that the
chemical stimulus in the dark was detected and responded to, but the response was
negatively affected over time. In the presence of light, the results for tax-4 did not show

a significant trend, while the results for lite-1 and tax-2 were similar to those in the dark,
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except that the disrupted response rhythm began earlier. These findings indicate that C.

elegans responded to the circadian rhythm change induced by light.

7.2. Future Perspectives

Within the scope of this study, the hypothesis that LiCl treatment can alter the adverse
effects of circadian rhythm disruptions and reverse the aging process of C. elegans was
tested. The most important impact of the study is that it brings together LiCl treatment
and the circadian rhythm effect, which are two important perspectives for lifespan
studies. In this way, a significant insight has been achieved by creating a model to answer
many questions in this field. Similar studies will be continued with the mutants of these
targeted genes whose effects are promising in the future of the study. Thanks to these
studies, the effect of LiCl application on circadian rhythm and lifespan will be elucidated
and the mechanism of action will be determined. In this manner, the effects of the
changes in our circadian rhythm and the use of LiCl on the quality of life can be revealed

and lead to the creation of personal treatments or changes for these effects.
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