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Abstract  

The cultivation of marine invertebrate cells in vitro has been of special interest due to the 

availability of diverse cell types and cellular potentialities in comparison to vertebrates and 

particularly in response to the high demand for a multitude of scientific applications. While cells 

in the marine invertebrate urochordate Botryllus schlosseri possess extensive potentialities, 

valuable tools in a variety of biological disciplines, no permanently proliferating cell line has been 

established in B. schlosseri, with results indicating that cell divisions cease 24-72 h from initiation 

and cultures associated with the opportunistic micro-organism thraustochytrids. Since, previous 

results showed that B. schlosseri cell cultures, have supported the proliferation of thraustochytrid 

cell types. Consequently, there is a limited knowledge about special requirements to support 

Botryllus cell growth in primary cultures. In a research article, that serves here as the first chapter 

of my doctoral dissertation (publication 1, chapter 1), I show in details the development of 

thraustochytrid cell types in primary cultures originated from B. schlosseri by employing Botryllus 

cell culture medium, and describing the characterization of these cell types morphologically. To 

further, extend our understanding and for improved identification of cells (Botryllus or 

thraustochytrid) under in vitro conditions, in chapter 2, I made use of confocal microscopy. This 

allow me to distinguish between thraustochytrid and Botryllus cell types based on their natural 

fluorescences. Compared to mammalian and insect cell cultures, this approach is novel to Botryllus 

primary cell cultures as was used in publication 2 for the first time. The second chapter (publication 

2; research article) of the thesis, focuses on the effect of media optimization/variations on the 

proliferation, cell type composition and viability of primary B. schlosseri blood cell cultures up to 

a culture period of four weeks from initiation. Specifically, publication 2 evaluates the responses 

of various B. schlosseri blood cell types (haemoblasts, macrophage-like cells, granular 

amoebocytes, morula cells, pigment cells and nephrocytes) under primary cell cultures conditions, 

using five versions of basic medium. Results reveals that it is possible to maintain Botryllus 

primary cell cultures in vitro for up to one month in a consistent and reliable manner. The findings, 

and the knowledge obtained, of publication 1 and 2 thus improving the in vitro conditions required 

for B. schlosseri cells growth. In addition to the first and the second chapters in appendix 1, I show 

a study that was published as a book chapter demonstrating a general aseptic approach for blood 

cell extraction of B. schlosseri. The essence of this approach is to improve cell yields from a single 

colony of B. schlosseri for in vitro applications under aseptic conditions. 
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Introduction  

The capability of cells to live under in vitro conditions is an important tool in a variety of scientific 

disciplines including medical and biological sciences (Butler, 2005; Dietel et al., 1987; Domart-

Coulon et al., 1994; Rajala et al., 2007; Joyce, 2007; Saeidnia et al., 2015), which are used as 

alternative tools for animal experimentation, for biotechnological applications and pathological 

studies (Saeidnia et al., 2015, Butler, 2005; Kapalczynska et al., 2018; Naganuma et al., 1994). 

The literature further attests that the preparation of new cell cultures from freshly obtained tissues 

is still a delicate task requiring differentiated procedures for different types of cells (Alberts et al., 

2002). Marine invertebrates may be regarded as a major source for such applications comprising 

>30% of animal species within the invertebrates (Naganuma et al., 1994; Rinkevich, 1999) and 

covering more than 20 different phyla which representing a rich source of cell types that 

significantly differ from one group to another (Rinkevich, 1999; Qarri et al., 2022; Rosner et al., 

2021). Thus, different cell types from a variety of marine invertebrates hold a wide range of 

morpho-genetic potentialities such as multipotency and totipotency (Rinkevich et al., 1994; 

Rosenfield et al., 1994; Rinkevich and Rabinowitz, 1997; Qarri et al., 2022; Qarri et al., 2023). 

Consensually, the above direct to high in vivo structures of plasticity including cell replacements, 

proliferation processes and cell lineage in different invertebrate taxa, which may differ 

significantly even between systematically related groups of organisms (Rinkevich, 1999; Rosner 

et al., 2021). 

During the last decades, many attempts were made for the development of cell cultures from 

marine invertebrates, primarily within six phyla that include Porifera, Cnidaria, Crustacea, 

Mollusca, Echinodermata and Urochordata (Rinkevich, 1999, 2011; Rosner et al., 2021; Qarri et 

al., 2021; Mothersill and Austin, 2000; Munroe et al., 2019; Balakrishnan et al., 2022; Domart-

Coulon and Blanchoud, 2022). Although limited success has been achieved and until recently 

(Hesp et al., 2023), there is yet no single permanent proliferating cell line available from any 

marine invertebrate (Rinkevich, 1999, 2011; Rosner et al., 2021; Qarri et al., 2022) despite the 

realization that such cultures are needed for numerous applications (Rinkevich et al., 1994; Bayne, 

1998; Rosner et al., 2021; Balakrishnan et al., 2022; Domart-Coulon and Blanchoud, 2022; Hesp 

et al., 2023). As a matter of fact, it has been repeatedly shown that primary cultures of marine 

invertebrate cells stop dividing in vitro within 72 h from initiation, followed in many cultures with 
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contaminations of yeast, bacteria, fungi, cyanobacteria and amoebae (Rinkevich, 1998, 2011). In 

addition, most probably the vast majority of experimental failures are not documented in the 

refereed literature, leading to disintegrated knowledge on improved in vitro protocols for primary 

cell cultures from marine invertebrates (Grasela, 2012; Domart-Coulon and Blanchoud, 2022), and 

new research efforts repeatedly recapping former failed approaches and futile experimental 

protocols (Rinkevich, 1999, 2011). With all the above, a recent progress in sponge cell cultures 

has highlighted the importance of establishing optimized nutrient media for the development of 

primary cell cultures (Munroe et al., 2019), research that has led to the succeeded establishment of 

long lasting cultures from several species of sponges (Conkling et al., 2019; Hesp et al., 2023).  

The cosmopolitan colonial urochordate Botryllus schlosseri (Chordata, Tunicata, Ascidiacea) 

belongs to a taxonomic taxon considered as the closest living invertebrates to the Vertebrata 

(Delsuc et al., 2006) and is used as an important model organism in various scientific disciplines, 

including stem cells biology (Manni et al., 2019; Ballarin et al., 2021; Voskoboynik et al., 2008), 

where various cell types from this species possess extensive cellular potentialities such as 

multipotency and totipotency (Laird et al., 2005; Rinkevich and Rabinowitz, 1994; Rinkevich and 

Rabinowitz, 1997; Rosner et al., 2009; Rinkevich et al., 2013; Ballarin et al., 2021; Rosner et al., 

2021, Vanni et al., 2022), all revealing prospective in vitro capabilities. Consequently, these 

potentialities serve as an important tools in studying a wide range of biological disciplines in this 

organism such as ecotoxicology (Gregorin et al., 2021; Rosner et al., 2021), immunobiology and 

allorecognition (Magor et al., 1999; Rinkevich, 2004), developmental biology including colony 

astogeny (Manni et al., 2019; Rosner et al., 2006; Rosner et al., 2019), regeneration (Voskoboynik 

et al., 2007), senescence (Rabinowitz and Rinkevich, 2004a; Rinkevich, 2017) and evolutionary 

biology (Rinkevich, 2002). Colonies of B. schlosseri express two tight sexual and asexual (called 

blastogenesis; Figure 1) modes of reproduction (Manni et al., 2019). The sexual reproduction 

cycles occur weekly, where following the fertilization of eggs tadpole larvae are released 

(featuring chordate characteristics that includes striated musculature, neural tube, notochord and 

tail), swim for a short period of time, attaching to substrates (near the mother colony), losing their 

tail through apoptosis, and then developing into the first colonial modules, the oozooids that bud 

the following generations of zooiods (Berrill, 1950; Voskoboynik et al., 2007). Colonies develop 

from the oozooids through weekly cycles of growth and death (Manni et al., 2019; Rinkevich, 

2019) and form several typical star-shaped groups of zooids, each called a system, all embedded 
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within the tunic, the transparent gelatinous matrix of the colony which also holds the colonial 

circulatory system connecting all zooids, that is terminated at the periphery of the colony with 

blind vasculature termini, called ampullae. Each zooid in the colony possesses an oral siphon 

(branchial siphon/inhalant siphon) and an atrial siphon is shared for all zooids in each system 

(Berrill, 1950). The weekly blastogenic cycle is composed of four major stages (marked by the 

letters A to D; Figure 1 a-h; Mukai and Watanabe, 1976), during which sets of primary buds mature 

to adult zooids in concert with the development of the secondary buds from the body wall of each 

primary bud concurrently with the resorption (through a massive apoptotic event) of all functional 

zooids (Lauzon et al., 1993). Thus, the blastogenesis process of somatic self-renewal and high 

vasculature regeneration capacity suggests an invertebrate model organism that maintain high 

capacity of stem cell activity throughout life (Qarri et al., 2020; Rinkevich, 2019).  

Several studies attempted to develop primary cultures and permanent cell cultures from B. 

schlosseri blood cells (Rinkevich and Rabinowitz, 1994, 1993; Rabinowitz and Rinkevich, 2004; 

Qarri et al., 2021, 2022). These studies commonly used to extract blood cells that are directly 

collected from the blood vessels (Qarri et al., 2021, 2022). Other studies used cells originated from 

epithelial layers that show de novo stemness signatures (Rinkevich and Rabinowitz, 1997, 

Rabinowitz and Rinkevich, 2004, 2005, 2011; Rabinowitz et al., 2009), and cells derived from 

embryos (Rinkevich and Rabinowitz, 1994). Some of the studies have also focused on the type of 

medium and medium additives such as growth factors (Rinkevich and Rabinowitz, 1993, 2000). 

However, these studies described in general the in vitro conditions without specifying the cell 

types compositions of these primary cultures. The above attempts have failed to establish 

proliferating cell cultures from Botryllus, and showed no cell divisions 24-72 h from culture 

initiation, while in scores of cases cultures were overgrown by opportunistic micro-organisms such 

as thraustochytrids (Qarri et al., 2021, Rabinowitz et al., 2006, Rinkevich and Rabinowitz, 1993, 

Rinkevich, 1999, 2011). 

Thraustochytrids are an eukaryotic group of unicellular protists, classified into the class 

Labyrinthulomycetes of the kingdom Chromista, and include >12 genera of which the most studied 

are Aplanochytrium, Schizochytrium, Ulkenia, Japonochytrium, and Thraustochytrium 

(Raghukumar, 2002; Bongiorni, 2011; Nham Tran et al., 2020; Lyu et al., 2021). They are found 

throughout the world in freshwater, estuarine and marine habitats and feed as saprophores, as 
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parasites or as bacterivores, while generally found associated with organic detritus, decaying algal 

and plant material, and in the sediments (Nham Tran et al., 2020; Lyu et al., 2021). 

Thraustochytrids, produce large quantities of unsaturated fatty acids and Omega-3 long chain fatty 

acids (PUFA), docosahexaenoic acid (DHA), squalene and carotenoids (Huang et al., 2003; Burja 

et al., 2006; Jakobsen et al., 2007; Jakobsen et al., 2008; Nham Tran et al., 2020) which have been 

recognized by the biotechnology industry as highly valuable for a wide range of health benefits in 

humans, as for the general wellbeing of adults and infants (Huang et al., 2001; Calder and Yaqoob, 

2009; Zarate et al., 2017; Morabito et al., 2019). Hitherto, many yet undisclosed strains of 

thraustochytrids are found on and within tissues of marine organisms such as sponges, corals, 

hydroids, bivalves, octopus, squids, nudibranchs, echinoids and tunicates (Cousserans et al., 1974; 

Raghukumar, 1988; Porter, 1990, Raghukumar and Balasbramanian, 1991; Bower, 1995; Mo et 

al., 2002; Nham Tran et al., 2020). The literature reveals that some marine invertebrate cell 

cultures, have supported the proliferation of thraustochytrids originated from sponges, cnidarians, 

crustaceans, mollusks, echinoderms and tunicates primary cell cultures (Ilan et al., 1996; Blisko, 

1998; Frank et al., 1994; Awaji, 1997; Rabinowitz et al., 2006). In primary cultures, these strains 

thrived up to one month from culture initiation and outnumber the original primary cell cultures 

(Hsu et al., 1995; Rinkevich and Rabinowitz, 1993, 1994, 1997; Ilan et al., 1996; Blisko, 1998; 

Frank et al., 1994; Ellis and Bishop, 1989; Awaji, 1997; Kaneko et al., 1995; Ermak and Odintsova, 

1996; Kawamura and Fujiwara, 1995; Rabinowitz et al., 2006). For example, records from studies 

of primary cell cultures originated from urochordates and in particular primary Botryllus cultures 

(from buds and blood cells) where thraustochytrids were developed indicated that in most cases, 

they appeared >12 days after culture initiation and the authors were unaware of their presence 

(Rinkevich and Rabinowitz, 1993, 1994, 1997; Sawada et al., 1994; Kawamura and Fujiwara, 

1995; Rinkevich, 1999). Furthermore, there are several ways to identify thraustochytrids in vitro 

by carefully observing the cell cultures, but unfortunately, none of them are conclusive since some 

Botryllus and thraustochytrid cell types share the same colors and sizes in cell cultures. 

Conceivably, these reports on primary cell cultures described the development and the 

maintenance of thraustochytrids cultures instead of the original invertebrate primary cell cultures, 

results that point to the necessity of developing aseptic conditions and thraustochytrid detailed 

cells characterization in such primary cell cultures. 
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Responding to the above challenges, and in line with the recent progress in marine invertebrate 

cell culture methodology achieved via the development of optimized nutrient media for primary 

sponge cell cultures (Munroe et al., 2019), which led to the establishment of long lasting cultures 

from several species of sponges (Conkling et al., 2019; Hesp et al., 2023) and due to its importance 

of B. schlosseri as a model system in a wide range of biological disciplines and the needs for 

approved in vitro methodologies. The goal of the present thesis is to expand our know-how 

regarding in vitro requirements that better support B. schlosseri cell growth. Specifically, in the 

present publication 1 (chapter 1) by employing B. schlosseri cell culture medium, I showed in 

detail the development of thraustochytrid cell types in primary cultures originated from Botryllus 

blood vessels and further described the characterization of these cell types morphologically.  

Furthermore, in the present publication 2 (chapter 2) by using confocal microscopy, specific 

thraustochytrid cell types were distinguished from Botryllus cell types. The second chapter of the 

thesis, focuses on the effect of media optimization/variations on the proliferation, durability, and 

cell type compositions of primary B. schlosseri blood cell cultures up to a culture period of four 

weeks from initiation. 
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Figure 1: Blastogenesis in Botryllus schlosseri. a: a colony at blastogenic stage A with one system containing 14 

zooids embedded in the tunic, connected through a network of blood vessels and fringed by a pear-shaped vascular 

termini (ampullae) extending towards the colony margins. a1: higher magnification of the colony center in part ‘a’, 

depicting zooids with open inhalant siphons and exhalant siphon for each zooid. b: a colony at blastogenic stage B 

with 2 systems and 20 zooids. b1: higher magnification of the systems in part ‘b’, depicting zooids with open inhalant 

siphons connected through a network of blood vessels and fringed by a pear-shaped vascular termini (ampullae) 

extending towards the colony margins. c-c1: a colony at blastogenic stage C compose of one system and containing 5 

zooids with open inhalant siphons. The buds approaching the size of the zooids. d: one degenerated system of a colony 

at blastogenic stage D. d1: higher magnification of the degenerated system in part ‘d’, depicting 10 partly absorbed 

zooids with closed inhalant siphons and 10 mature buds which attained the size of the absorbed zooids. e-h: schematic 

illustration of the four major stages in the weekly blastogenic cycle of B. schlosseri. e: blastogenic stage A. An adult 

zooid with an open siphon, two small primary buds and marked areas (not yet seen) of four budlets (secondary buds, 

small red dots). f: blastogenic stage B, two days later. Developing buds and clearly depicting budlets connected to the 

primary buds. g: blastogenic stage C. three days later, further growth of buds that reach almost the size of zooids and 

fast organogenesis (not seen in the illustration) in the secondary buds. h: blastogenic stage D. Advanced absorption of 

the functional zooid through apoptosis while the two buds develop to pre-functional zooids, still with close siphons. 

Secondary buds are further developed, just about the state of primary buds. am = ampulla; az = absorbed zooid; bu = 

bud; bv = blood vessels; exs = exhalant siphon (black and white circles represent open and close siphons, respectively); 

ins = inhalant siphon (black and white circles represent open and close siphons, respectively); sbu = secondary bud; t 

= tunic; z = zooid. Bars = 1mm.                             
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Aims of the thesis  

This thesis focuses on the colonial urochordate Botryllus schlosseri that is used as an important 

model organism in various scientific disciplines including in vitro applications. B. schlosseri 

represents an invertebrate model system that maintain high capacity of adult stem cell activity, as  

various circulating blood cell types express multipotent or totipotent phenotypes throughout life. 

While in vitro cultures of isolated blood cells from Botryllus may serve as indispensable tools for 

studying stem cells biology, up to date, there is no single established cell line available from B. 

schlosseri, since these cells stop dividing in vitro within 24-72 h after isolation and many of the 

cultures supported the proliferation of thraustochytrid cell types. Tackling these two major critical 

obstacles, I applied the in vitro methodology on the isolated B. schlosseri blood cells to achieve 

the following aims: 1. Enhance our understanding of thraustochytrid cell types developed in B. 

schlosseri primary cell cultures. 2. To characterize and distinguish between thraustochytrid and 

Botryllus cell types. 3. Enhance our understanding of the in vitro conditions required for Botryllus 

cell type’s growth, by utilizing five media formulations. 4. To provide an assessment of the 

dominant cell types, proliferation statuses and viability of the cultured cells in the studied media.                     
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Results 

Chapter 1:  
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Chapter 2: 
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Discussion  

The world’s oceans and seas host a variety of invertebrates with multiple types of cells revealing 

a wide range of cellular potentialities that offer endless applications (Rinkevich et al., 2022). 

Nevertheless, while several cell lines have been commonly derived from terrestrial invertebrate 

taxa, e.g. insects and arachnids, until just recently (Hesp et al., 2023) all attempts to develop cell 

lines from marine invertebrates have failed, despite many efforts made on a wide range of species 

over the past decades (Rinkevich, 1999, 2005, 2011; Mothersill and Austin, 2000; Balakrishnan et 

al., 2022; Domart-Coulon and Blanchoud, 2022). The recent advances in marine invertebrate cell 

culture methodology that has been made by the development of optimized nutrient media for 

primary cultures (Munroe et al., 2019; Conkling et al., 2019), have led to the establishment of long 

lasting cultures from several species of sponges (Conkling et al., 2019, Hesp et al., 2023), revealing 

the importance of media for successful outcomes. Because of the importance of the marine 

invertebrate B. schlosseri as a model system in a wide range of biological disciplines (Rinkevich, 

2017; Manni et al., 2019; Rinkevich, 2005) and the need to develop approved in vitro 

methodologies for its research (Rinkevich  and Rabinowitz, 2000; Qarri et al., 2022), several 

research activities have focused on cell yields, distinguishing suitable factors for proper cell 

adhesion and attachment (Rabinowitz and Rinkevich, 2004; Qarri et al., 2022), initiating primary 

cell cultures derived from embryos, epithelial cells and circulating  blood cells (Rinkevich and 

Rabinowitz, 1993, 1994, 1997; Rinkevich et al., 1994). Other studies focused on revealing the 

impacts of media additives on primary cultures, such as growth factors (Rinkevich and Rabinowitz, 

1993), establishing medium for circulatory blood cells (Rinkevich and Rabinowitz, 1993) and 

evaluating in vitro stemness signatures in epithelial monolayers (Rabinowitz and Rinkevich, 2004, 

2011; Rabinowitz et al., 2009). The above attempts have failed to establish proliferating cell 

cultures from Botryllus, and showed no cell divisions 24-72 h from culture initiation, while in 

scores of cases cultures were overgrown by opportunistic micro-organisms such as 

thraustochytrids (Qarri et al., 2021, Rabinowitz et al., 2006, Rinkevich and Rabinowitz, 1993, 

Rinkevich, 1999, 2011). Consequently, the literature reveals that there is a limited knowledge 

about the characterization of cell types including the development of thraustochytrids, proliferation 

statuses, viability and special requirements needed to support Botryllus cell growth in primary 

cultures.  
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In response to the above challenges, chapter 1 (Qarri et al., 2021) focus on thraustochytrids 

developed in primary cultures of B. schlosseri colonies (at blastogenic stage C) using Botryllus 

cell culture medium. As of 24 h from Botryllus culture initiation (onset), the undescribed 

thraustochytrid strain BS2 (Thraustochytriidae sp. BS2; GeneBank accession number 

AF257315.2) developed and by day 8 thraustochytrid cells grew and dominated the cultures. This 

strain confirms previous results on Botryllus primary cultures (Mo et al., 2002). Thus, in order to 

improve our understanding of thraustochytrid cell types developed in Botryllus primary cultures, 

these were described and characterized morphologically using nuclei (Hoechst) staining. Results 

revealed the existence of three thraustochytrid cell types including mononucleated cells (5-10 µm), 

multinucleated cells (consisting of 2-30 nuclei per cell; 10-50 µm) and sporangia (20-200 µm). 

The mononucleated cells, also appeared as cell clusters composing at least 3 cells and reaching 

sizes of up to 200 µm per cluster. At day 8 and thereafter, all cultures contained thraustochytrid 

aggregates and single cells which included mononucleated, multinucleated cells and sporangia. 

Chapter 1 thus, enhance our understanding regarding the cell morphologies of thraustochytrid cell 

types developed in B. schlosseri cultures and further confirming previous documentation of their 

cell morphologies (Lyu et al., 2021; Morabito et al., 2019). Since the literature is lack of 

information and in many cases previous studies described the thraustochytrid cell types as 

aggregates or single cells that dominated Botryllus primary cultures without providing a sufficient 

documentation (Rinkevich and Rabinowitz, 1993, 1994). 

Chapter 2 (Qarri et al., 2023) investigates how different types of B. schlosseri blood cell 

(haemoblasts, macrophage-like cells, granular amoebocytes, morula cells, pigment cells and 

nephrocytes) respond under in vitro conditions. Specifically, their responses were assessed using 

five versions of a basic medium (TGM1- TGM5) during the initial few crucial weeks from onset. 

To enhance cell identification under in vitro conditions confocal microscopy have been used, for 

the first time, and the differential autofluorescence of various cells, revealing novel results. For 

example, haemoblasts were found as the only cell type in B. schlosseri to exhibit a high signal in 

the far-red channel, which distinguishes them from thraustochytrid cells as well, and they did not 

exhibit blue channel florescence like other blood cells, further supporting the finding of Rinkevich 

and Rabinowitz (1993) as described above. Moreover, the isolated haemocytes and the developed 

thraustochytrid cell types in primary cultures, were consequently identified using histological 

(H&E), nuclear (Hoechst) and membrane (DiD) staining, which resulted with further identification 
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of the cultured cells. Cellular morphology of all cell types, remained similar from onset except for 

storage cells (pigment and nephrocyte cells) which transformed from oval to elongated shapes 

structures in TGM3 medium, confirming past results of storage cells cultured in similar medium 

(Rinkevich and Rabinowitz, 1993). 

The primary cultures have been affected by changes in cell proliferation, viability, and dominant 

cell types due to the different versions of media used (TGM1, TGM2, TGM3, TGM4 and TGM5). 

As for cell proliferation, the basic condition of the medium can stimulate significant proliferation 

of various circulating cell types at different time points (onset, 24 h, 3 and 8 days). For instance, 

the most abundant cell types (haemoblasts, macrophage-like cells, morula and pigment cells) 

exhibited varying patterns of blood cells activity in different media versions from onset to day 8. 

The above media, were formulated with varying proportions of basal media (DMEM F12/HAM 

or RPMI) and artificial sea water (ASW) whereas, TGM1 and TGM2 contained basal media 

DMEM F12/HAM and RPMI respectively, without ASW, and TGM3 consisted of ASW without 

basal media. There are no scientific evidence culturing Botryllus cells without ASW or with only 

basal media. However, various levels of cell proliferation observed for haemoblasts, macrophage-

like cells and pigment cells in these media versions. Therefore, it is reasonable to assume that the 

three media version (TGM1, TGM2 and TGM3) are still “inappropriate” or lacking essential 

factors, such as basal media or ASW. Despite this, cell proliferation was achieved even though 

Botryllus cells typically stop dividing within 3 days of isolation in vitro (Qarri et al., 2022; 

Rabinowitz et al., 2006; Rinkevich and Rabinowitz, 1993; Rinkevich, 2011).  

As with cell proliferation, the viability of the cells also showed variation among the five media 

versions, leading to differences in the longevity of the cultures. The cultures initiated with TGM1, 

TGM2 and TGM3 lasted between two to three weeks (18, 16 and 12 days respectively), while 

longer cultivation periods of four weeks were observed with TGM4 and TGM5 (26 and 24 days 

respectively). The above confirming previous results (Domart-Coulon et al., 2004) that showed a 

short term in vitro study on coral cells and found that viability decreased from 70% to 30% within 

the first week of culture initiation as well as with Rinkevich and Rabinowitz, 1993 who observed 

decrease in Botryllus blood cells viability within four weeks from onset.    

Similar to cell proliferation and viability, the distribution of cell types also showed variation among 

the five media versions. At 24 h from onset, macrophage-like cells and morula cells being the 
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predominant cell types in all tested media and by day 3, while the abundance profiles of TGM3 

and TGM4 media remained like that of 24 h, morula and pigment cells were more prominent in 

TGM1 medium. At day 8, no further changes in cell type distribution observed, and the abundance 

profiles of all five media were almost identical as day three. As mentioned above, there are no 

scientific evidence revealing the distribution of Botryllus blood cell types under prolonged in vitro 

conditions. The findings of chapter 2, illustrate that it is possible for Botryllus blood cells to grow 

and multiply when the culture medium is altered, which corroborates the suggestions put forth by 

recent research on the cultivation of sponge cells (Munroe et al., 2019). These recommendations 

have led to an enhancement in both the quantity and viability of cells in the present study and to 

the development of proliferating cell cultures in sponges (Conkling et al., 2019, Hesp et al., 2023). 

The above results demonstrating the possibility of culturing Botryllus blood cells in vitro for a 

short period of time (up to one month) in a consistent and reliable manner.    

To conclude, the novel findings and the knowledge obtained, of publication 1 and 2 (chapter 1 and 

2 respectively) thus improving the in vitro conditions required for B. schlosseri cell growth and 

may lead to the creation of various cell cultures, each consisting of distinct cell types.   
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