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Abstract: Serotonin (5-HT) is crucial molecule in animal kingdom. It is involved in control of mul-
tiple processes. It might act via transmembrane receptors or via postranslational protein modifica-
tion (serotonylation). D. gyrociliatus is a marine worm-like invertebrate with quite short lifespan. In
this study lifetime experiments were performed. We incubated freshly laid eggs, adult females
lifelong in HTP, PCPA and cystamine. Every week we monitored the survived individuals. This
was lifelong (about 5 moth) monitoring. The survival analysis demonstrated that PCPA and
cystamine reduce lifespan longevity drastically and even in F1 offsprings from mothers with re-
duced level of serotonin. HTP incubation to the contary extended mean lifespan longevity up to 22
% even in F1 offsprings from mothers with extended levels of serotonin. Thus, our results demon-
strated that serotonin impacts lifespan longevity and moreover the level of serotonin in mother
organism affects offspring lifespan longevity.
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1. Introduction

Serotonin (5-HT) and its receptors represent one of the most ancient and widely
distributed signaling systems among Animal kingdom. It is a ligand for seven trans-
membrane receptors [1-3]. The majority of studies is involved in search for ago-
nists/antagonists and receptors molecules and their biochemical and pharmacological
characteristics. Serotonylation is a posttranslational protein modification [4]. At first it
was shown on vertebate model. A recent study demonstrated serotonylation on inverte-
brate model [5].

Annelid D. gyrociliatus has short-term life cycle and they are quite easy to maintain
in stock. There data on nervous system morphology and development [6-11]. There are
prominent identifiable and countable 5-HT-like immunoreactive neurons, especially in
males that contain only 5 neurons [6]. D. gyrociliatus demonstrates relatively simple or-
ganization. Thus juveniles only 500 microns in size, while adult females 1.5-2 mm. They
utilize gliding ciliary locomotion. They have circular ciliary bands on the body region for
swimming and filter feeding apparatus in the anterior region. CNS contains 5-HT in the
most part of nervous elements in juveniles and adult individuals There are also data on
5-HT impact on ciliary locomotion in juveniles and adults [12].Thus it was shown that
serotonin and its' biochemical precursor 5-hydroxy tryptophan (HTP) increase the speed
ciliary locomotion in juveniles and have no effect on ciliary locomotion in adults. The
authors hypothesize a possible change in receptor system. Nothing is known about 5-HT
impact on lifespan longevity.

In this study I show the difference in lifespan longevity with long-term increased,
decreased levels of serotonin and decreased level of serotonylation in treated worms and
in F1 worms from treated mothers.
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2. Results

In this section I compare the fluorescence intensity of brain neuropiles in control and
treated animals and the respective survival curves.

2.1 Treatment since 22day age

The results show the increased level of fluorescence during HTP treatment (Figure 2A2)
and decreased level of fluorescence during PCPA (Figure 2A3, A4) and cystamine
treatment (Figure 2A5). PCPA 10M (black line, Figure 2A6), 5*10”"M (red line, Figure
2A6) and cystamine 10-°M (brown line, Figure 2A6) treatment of adult specimens reduces
lifespan (Figure 2A6) with mean life longevity 43, 50 and 78 days respectively. HTP 10-M
treatment (green line, Figure 2A6)does not change the lifespan with mean life longevity
106 days, the same as control group (blue line, Figure 2A6).
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Figure 2. The increased and decreased 5-HT levels affect lifespan longevity during incubation since
22 days (A); egg laid (B); offsprings from treated moms (C). A1-A5 - Confocal images of 5-HT-like
immunoreactive brain neuropiles in 50 day age worms control and treated with HTP 10-°M, PCPA
10°M, PCPA 5*107M, cystamine 10-° M since 22 day age. A6 - survival curves of worms treated with
HTP 10°M (green), PCPA 10-°M(black), PCPA 5*107 (red), cystamine 10-°M (brown) and control
(blue) since 22 day age. P value < 0.0001. B1-B5 - Confocal images of 5-HT-like immunoreactive
brain neuropiles in 20 day age worms control and treated with HTP 10°M, PCPA 10-M, PCPA
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5*107M, cystamine 10°M since laid egg. B6 - survival curves of worms treated with HTP 10-°M
(green), PCPA 10-M(black), PCPA 5*107(red), cystamine 10°M (brown) and control (blue) since
laid egg. P value < 0.0001. C1-C5 - Confocal images of 5-HT-like immunoreactive brain neuropiles
in 12 day age worms control and Fi from moms 2 week treated treated with HTP 10°M, PCPA
10°M, PCPA 5*107M, cystamine 10°M. C6 - survival curves of F1 worms, from mothers 2 week
treated with HTP 10°M (green), PCPA 10°M(black), PCPA 5*107(red), cystamine 10°M (brown)
and control (blue) P value < 0.0001.

2.2 Treatment since laid egg

The higher rate of fluorescence during HTP treatment (Figure 2B2) and lower rate of
fluorescence during PCPA (Figure 2B3, B4) and cystamine treatment (Figure 2B5). PCPA
10-*M (black line, Figure 2B6), 5*10"M (red line, Figure 2B6) and cystamine 10-°M (brown
line, Figure 2B6) treatment of adult specimens shortens lifespan (Figure 2B6) with mean
life longevity 15, 15 and 78 days respectively. HTP 10-°M treatment (green line, Figure
2B6) increases the lifespan with mean life longevity 127 days, while control group mean
lifespan was 99 days (blue line, Figure 2B6).

2.3 Mother treatment

An increased fluorescence in F1 from mothers treated with HTP (Figure 2C2) and lower
rate of fluorescence in F1 from mothers treated with PCPA (Figure 2C3, C4) and cysta-
mine (Figure 2C5) comparing to control group (Figure 2C1). Offspings from mothers
treated with PCPA 10-*M (black line, Figure 2C6), 5*107M (red line, Figure 2C6) and
cystamine 10-°M (brown line, Figure 2B6) show reduced lifespan (Figure 2B6) with mean
life longevity 15, 15 and 50 days respectively. Descendants from mothers treated with
HTP 10-*M (green line, Figure 2C6) demonstrated prolonged lifespan with mean life
longevity 113 days, while control group mean life span was 92 days (blue line, Figure
2C6).

3. Discussion

The present study provides data on 5-HT impact on lifespan longevity. The previous
lifespan investigations used Drosophila melanogaster and C. elegance as model organims
and demonstrated quite similar results. Thus, our results demonstrated that serotonin
impacts lifespan longevity and moreover the level of serotonin in mother organism af-
fects offspring lifespan longevity.

4. Materials and Methods

4.1. Annelid Stock

The Dimorphilus gyrociliatus stock has been supported since 2007. The animals were
reared in plastic tanks with artificial seawater (33%o salinity) at 21° C and fed with ho-
mogenized frozen nettle leaves (Urtica sp.) once every 7 days during water and tank
changes. In this work we synchronized the age of animals. To obtain enough individuals
of the same age we monitored tanks with adults daily. We collected all freshly laid egg
cocoons using Pasteur pippette. Using this technique we able to collect up to 60 cocoons
(each contains 1-3 female eggs) in one day.

4.2. Survivalship trial

Life-time assays were performed in 24-well plates in artificial sea water, each well
was 2 ml total volume and contained 6-10 worms. Age-synchronized worms were seeded
in the plates at the cleavage stage and then were monitored weekly. The portion of indi-
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viduals alive was scored using binocular on the basis of gliding or swimming and
pharyngeal bulbs movement. In the experiments we used HTP (cas #4350-09-8, Sigma
Aldrich), PCPA (cas #14173-39-8, Sigma Aldrich) and Cystamine (cas#14173-39-8, Sigma
Aldrich) at final concentrations 10-°M, 10-°M and 5*10”7M and 10-*M, respectively.

During first experimental series drug HTP 10¢ M, PCPA (10 and 5*10"M) and
cystamine (10 M) was added to 22-days age individuals. In each experimental trial a
group of treated and control worms were fixed for immunochemistry to visualise
5-HT-containing nervous structures.

4.3. Immunohistochemistry

The individuals were fixed with 4% paraformaldehyde (PFA) in phosphate-buffered
saline (PBS, 0.01mM, pH=7.4) at 4°C overnight. Then, the specimens were subjected to
immunostaining according to the protocol used in [6]. Each staining was performed with
at least 50-60 adult female specimens. After fixation, the specimens were washed three
times in PBS and then incubated for half an hour at room temperature in 10% normal
goat serum and 1% bovine serum albumin in PBS. Subsequently, the samples were in-
cubated at 10 °C for 3 days in a solution containing primary antibodies. Aanti-serotonin
(5-HT) antibodies (Immunostar, Hudson, WI, USA; 428002; rabbit; polyclonal; Product
ID: 20080) diluted 1:2000 in PBS with 0.1% Triton X-100 (PBS-TX) were used to label
5-HT-like immunoreactive elements. The primary antibodies were washed three times
with PBS-TX solution and labeled with secondary goat anti-rabbit antibodies with
Alexa-555 (1:1000, Molecular Probes, USA; A-11008; goat; polyclonal) in PBS containing
0.1% Triton X-100 overnight at 10 C. The secondary antibodies were then rinsed with
PBS. The samples were then mounted on slides in 90% glycerol.

4.4. Image acquisition

A Zeiss LSM-880 confocal scanning microscope (Karl Zeiss, Jena, Germany) was
used to analyze the specimens. Optical stacks were acquired with an x40 objective and
processed at 0.7 um intervals and 30 stacks in total using ZEN (Karl Zeiss, Germany) and
Image ] (NIH, USA) to obtain two-dimensional images. The stacks were projected onto an
image and then imported into Adobe Photoshop CC.

4.5. Statistical analysis

For the statistical analysis Prism 7 (GraphPad) package was used. For survival
analysis Log rank (Mantel-Haenszel) test was used. We observed the death of all the
worms.

5. Conclusions

This study results demonstrate that 5-HT impacts on D.gyrociliatus lifespan longevity. The in-
creased level of serotonin extends lifespan longevity up to 22%. The decreased 5-HT level shortens
lifespan longevity drastically. The decreased level of serotonylation reduces lifespan longevity as
well. Moreover, 5-HT concentration and serotonylation in mother organism affects the F1 offspring
lifespan longevity.
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