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Transdifferentiation and mesenchymal-to-epithelial transition during regeneration in Demospongiae (Porifera)

The cells of wound area have numerous small or few large phagosomes, which 335 contained fragments of the spherulous and granular cells . Such cells could be 336 found not only in the upper part of the wound, but also in the deeper zone up to 100 µm 337 beneath the wound surface. There still no visible changes in the regeneration area at this 338 stage.

339

At 12 hpo a regenerative clot at the wound surface is getting thinner, and wound surface 340 become aligned, flat and smooth (Figure 9A). The peripheral parts of the wound are clearly 341 limited by the flat outgrowths of intact exopinacocytes (Figure 9F).

342

In the wound area, сell distribution begins ordering, and ECM condensation occurs 343 (Supporting Figure 1E). The number of dedifferentiated choanocytes and endopinacocytes, 344 archaeocytes, and lophocytes increases in this area in comparison with the previous period of 345 regeneration (Figure 9B-E). Majority of these cells migrated from regenerated area. In 346 contrast, the number of the spherulous cells shows insignificant variations and remains 347 approximately the same as at 6 hpo (Figure 8; Supporting Table 4). Some of these spherulous 348 cells undergo the dedifferentiation, which is accompanied by the release of the spherules from 349 the cells. The amount of free mesohyl and concentration of the symbiotic bacteria decrease in 350 comparison with previous periods of regeneration (Figure 9C,D).

351

Simultaneously, the migration of the amoeboid cells (archaeocytes, dedifferentiated 352 choanocytes) from the regeneration area to the wound area and wound surface proceeds 353 (Figure 9C,E), and some of the migrating cells reach the wound surface, where they become 354 oriented with the long axis parallel to the wound surface (Figure 9B). Also first elongated 355 contractile cells (myocytes) appear in the regeneration area. 435 where intact choanocyte chambers could be retained.

436

At 120-144 hpo, after the recovery of ectosome and endosome structure in the 437 regeneration area, the cell proliferation returns to the normal state, showing the intact pattern 438 with majority of DNA-synthesizing cells, occurring in choanocyte chambers. However, the 439 level of cell proliferation is still lower than in intact tissues (Figure 15E).

440

In the tissues, distant from the wound, the intact cell proliferation pattern persists during 441 the whole regeneration process (Figure 15F).

443 Apoptosis

444

We found no apoptotic cell in the intact tissue of A. cavernicola.

445

Two waves of apoptosis occur during the regeneration process. The level of apoptosis is 446 low during both waves with few apoptotic cells, located only at the upper part of the wound.

447

In the endosome under the wound and in tissues distant from the zone of regeneration 448 apoptotic cells are completely absent.

449

The first wave is associated with the early stages of regeneration. Apoptotic cells appear 450 at 6 hpo, and their number gradually decline during further regeneration (Figure 16A). At 12 451 hpo only single apoptotic cells occur at the upper parts of the wound area (Figure 16B), while 452 at 24 hpo they are virtually absent. Apparently, this wave of apoptosis participates in the 453 elimination of damaged cells from the wound area.

454

The second wave of apoptosis occurs at 48 hpo, when relatively numerous apoptotic 455 cells appears at the upper parts of the wound area (Figure 16C). This wave is probably 456 associated with the active elimination of cells through the emerging exopinacoderm during 457 later stage of regeneration (Figure 11E,F). 

462

In vivo observations 463

Sponges are well known for their capacity to regenerate not only small body parts, but 464 also after substantial partial mortality and damage. In situ monitoring of naturally and 465 experimentally generated wounds confirms high recovery capacity of sponges from different 466 taxa and of different growth forms (Connes, 1966(Connes, , 1968;;Ayling, 1983;Hoppe, 1988;467 Duckworth, 2003;Henry & Hart, 2005;Wulff, 2010Wulff, , 2013)). These studies also discovered 615 Anucleated amoebocytes differ from archaeocytes by a smaller nucleus without nucleolus and 616 the presence of small phagosomes. The dedifferentiation of the spherulous cells through a 617 complete or almost complete loss of specific inclusions (spherules) was completely 618 unexpected process. However, the dedifferentiation of spherulous cells is not so rapid, as in 619 other dedifferentiating cells, because of high specialization of these secretory cells.

620

We identified two main cellular sources for the restoration of the lost tissue and 621 structures in A. cavernicola: archaeocytes and choanocytes. Both cell types contribute to the 622 restoration of the exopinacoderm and choanocyte chambers. The restoration of the choanocyte 623 chambers is carried out mainly due to the redifferentiation of the choanocytes, and to lesser 624 extent due to the differentiation of archaeocytes.

625

However, the future of dedifferentiated anucleated amoebocytes and spherulous cells 626 could not be traced. This issue requires the search and use of a special marker of these cells. It 627 is possible that dedifferentiated pinacocytes and spherulous cells could also participate in the 628 formation of the new exopinacoderm.

629

According to last investigations in Porifera there are not only two types of adult stem 630 cells (ASC): archaeocytes and choanocytes (Funayama, 2018), but at least four, including 631 pinacocytes and particular amoeboid vacuolar cells [START_REF] Ereskovsky | Oscarella lobularis (Homoscleromorpha, Porifera) Regeneration: 863 Epithelial Morphogenesis and Metaplasia[END_REF]Fierro-Constain 632 et al., 2017;Lavrov et al., 2018).

633

There are the differences in these ASC distributions among different sponge classes. In 634 Demospongiae the principal (pluripotent) ASC are archaeocytes and choanocytes, however

635 the experiments with their regeneration (including present data on A. cavernicola 636 regeneration) and dissociated cells aggregation demonstrated, that pinacocytes could also be 637 ASC (Korotkova & Nikitin, 1969a,b;Borisenko et al., 2015;Lavrov & Kosevich, 2016; Ereskovsky et al., 2016). In Calcarea archaeocytes absent and pluripotent ASC in these 639 sponges are choanocytes and pinacocytes (Korotkova, 1961a(Korotkova, , 1962b;;Korotkova & 640 Gelihovskaia, 1963;Lavrov et al., 2018). In Homoscleromorpha the pluripotent ASC are as 641 in Calcarea the choanocytes and pinacocytes, but also mesohyl amoeboid vacuolar cells 642 (Gaino et al., 1986;Ereskovsky, 2010;[START_REF] Ereskovsky | Oscarella lobularis (Homoscleromorpha, Porifera) Regeneration: 863 Epithelial Morphogenesis and Metaplasia[END_REF][START_REF] Fierro-Constain | [END_REF].
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644

Spherulous cells and their role in regeneration 645

Similarly, to intact tissues of A. cavernicola (Vacelet, 1967), two principal morphotypes 646 of spherulous cells occurs in the wound area of this sponge: larger cells with clear inclusions 647 and smaller ones with dense inclusions. In fact, these morphotypes represent different stages 648 of the ontogenesis of spherulous cells (Vacelet, 1967). According to Vacelet (1967) in intact 649 sponge "dense" small spherulous cells concentrate mostly in the ectosome and around big 650 exhalant canals, while "clear" larger ones are distributed in the mesohyl of endosome.

651

We have detected that in A. cavernicola the wound surface was free from invasive 652 microbes from the first hours after injury up to the end of the regeneration. All microbes, that 653 we detected at the wound surface and in the wound area during regeneration, shows 654 ultrastructure identical to the microbes, located in the deeper sponge tissues and described as 655 symbiotic in the previous papers (Vacelet, 1975;Fiedrich et al., 1999;Hentschel et al., 2001).

656 Such defense against invasive microbes is probably provided by the particular chemical 657 substances in the spherulous cells.

658

X-ray microanalysis revealed that these specialized cells of Aplysina produce and store 659 brominated metabolites (Turon et al., 2000). Turon et al. (2000) demonstrated that the 660 concentration of bromine peaks is slightly higher in the spherules from "dense" spherulous 661 cells than in "clear" ones. Thompson et al. (1983) have detected bromine in the spherulous 662 cells of Caribbean Aplysina fistularis. Spherulous cells have been shown to produce defense 663 metabolites in other species (Thompson et al., 1983;Bretting et al., 1983;Uriz et al., 1996a).

664

In addition, it was showed that tissue damage in Aplysina induces a bioconversion of 665 isoxazoline alkaloids into aeroplysinin-1 and secondary metabolite dienone (Thoms et al., 666 2006). This reaction is likely catalyzed by enzymes, and it may be ecologically important as 667 the dienone has the strong antibacterial power and toxicity (Reverter et al., 2016). Moreover, 668 this injury-induced reaction takes place within less than 1 min after wounding (Thoms et al., 669 2006). We have directly visualized and investigated apoptosis in the regeneration of sponges 673 for the first time. The only previous data on the involvement of apoptosis in sponge 674 regeneration emerge from the comparative transcriptomic analysis of the early stages of body 675 wall regeneration in Halisarca caerulea [START_REF] Kenny | [END_REF].

676

We have observed two waves of apoptosis during Aplysina cavernicola regeneration.

677 The first wave, occurring around 6 hpo, is probably involved in the elimination of damaged 678 cells and is characteristic for the early stages of regeneration of various animals, from 679 cnidarians to vertebrates (Vlaskalin et al., 2004;Tseng et al., 2007;Chera et al., 2009;680 Pellettiere et al., 2010;DuBuc et al., 2014;Brandshaw et al., 2015;[START_REF] Kenny | [END_REF]Cebrià 681 et al., 2018). For Hydra head regeneration after mid-gastric bisection (Chera et al., 2009) and 682 tail regeneration in tadpole larva of Xenopus laevis (Tseng et al., 2007) it was shown that 683 early wave of apoptosis not only clean a wound from damaged cells, but also generate signals,

684 essential for initiation of subsequent regenerative processes. Inhibition of this apoptotic wave 685 completely abolishes the regeneration. In particular, in both cases, apoptotic cells initiate a 686 synchronous burst of proliferative activity in neighboring cells (Tseng et al., 2007;[START_REF] Chera | proliferation induction also during A. cavernicola 690 body wall regeneration, as numerous DNA-synthesizing cells appears in the blastema only 691 after the first apoptotic wave, at 24 hpo. These observations illustrate a novel active 692 instructing role of apoptosis in morphogenetic processes[END_REF], which is similar to the well-known apoptosis-induced compensatory proliferation 688 in the imaginal disks of Drosophila (Fan & Bergmann, 2008;Bergmann & Steller, 2010).

689 Apoptotic cells may be involved in the proliferation induction also during A. cavernicola 690 body wall regeneration, as numerous DNA-synthesizing cells appears in the blastema only 691 after the first apoptotic wave, at 24 hpo. These observations illustrate a novel active 692 instructing role of apoptosis in morphogenetic processes, in contrast to its canonical passive 693 role as a destructive agent (Duffy, 2012).

694

The second wave of apoptosis during A. cavernicola regeneration is likely associated 695 with the extensive thrown out of spherulous cells though the forming exopinacoderm.

696 Spherulous cells of A. cavernicola demonstrate the similar behavior in the intact sponges.

697 Being one of the few terminally differentiated sponge cell lines, spherulous cells leave the 698 mesohyl through aquiferous system canals or external surfaces (Vacelet, 1967). Their release 699 outside from sponge is part of their normal physiology and possibly involved in the release of 700 various chemicals (Uriz et al., 1996a;Ternon et al., 2016) and/or discharge processes 701 (Maldonado, 2016) to the environment. The ultrastructure of spherulous cells eliminated 702 through the exopinacoderm during the third phase of A. cavernicola regeneration is identical 703 to that of the spherulous cells at the last stage of their evolution (Vacelet, 1967) (Cavolini, 1785;Vaillant, 1869;Weltner, 1893). However, there are only few papers, 73 concerning ultrastructural description of the morphogenesis and cell behavior in reparative 74 regeneration of sponges. Moreover, three of them dealing with the regeneration of specific 75 "organs" after amputation (oscular diaphragm in Hippospongia communis (Thiney, 1972), 76 oscular tube in Ephydatia fluviatilis (Sukhodolskaya, 1973), and papillae in Polymastia 77 (Boury- Esnault, 1976)). Reparative regeneration of the body wall is described only in seven 78 species. Regeneration in Spongilla lacustris (Brondsted, 1953), Halichondria panicea 79 (Korotkova & Nikitin, 1969), Geodia barretti (Hofmann et al., 2003) and Halisarca caerulea 80 (Alexander et al., 2015) was studied only with light microscopy. In the case of H. caerulea, 81 the light microscopy studies were supplemented with the investigations of the cell 82 proliferation during the regenerative processes (Alexander et al., 2015). Reparative 83 regeneration in Chondrosia reniformis was investigated with light and scanning electron 84 microscopy (SEM) (Pozzolini et al., 2019). Finally, SEM studies supplemented with time-laps 85 recordings were done for regeneration in Hymeniacidon heliophila (Coutinho et al., 2017).

86

At the same time, our complex detailed investigations of reparative regeneration, done 87 with TEM, SEM, epifluorescent and light microscopy, immunocytochemistry and time-laps 88 recordings, in homoscleromorphs [START_REF] Ereskovsky | Oscarella lobularis (Homoscleromorpha, Porifera) Regeneration: 863 Epithelial Morphogenesis and Metaplasia[END_REF], calcareous sponges (Ereskovsky 89 et al., 2017;Lavrov et al., 2018) and demosponges (Borisenko et al., 2015) show a high 90 diversity of morphogenesis, cell mechanisms, and cell turnover, accompanying these 91 processes.

92

Thus, having comprehensive data about mechanisms of the regeneration for only one 93 species from the huge and very diverse class Demospongiae, we cannot make any 94 generalizations regarding the mechanisms of regeneration of this class of Porifera.

95

Representatives of the genus Aplysina are widely distributed in subtropical and tropical 96 coastal waters (Bergquist & Cook, 2002). They are considered proper models in chemical 97 ecology and microbiology (Azevedo et al., 2008;Betancourt-Lozano et al., 1998 133 Surgical operations in laboratory were performed as an excision of a small part 134 (approximately 0.3-0.5x0.3-0.5 cm) of the body wall at the base of a cylindrical outgrowth 135 (Figure 2). A total of 24 individuals were used in the body wall regeneration experiments 136 (Supporting Table 1).

137

The surgical operations were done manually under a stereomicroscope using scalpel.

138 After the operations the sponges with excised body wall were maintained in a 100 l laboratory 139 aquarium with running natural seawater at a temperature of 15-16°C. The sponges were 140 inspected and photographed using a stereomicroscope Leica M165FC (Leica) equipped with a 141 digital camera Leica DFC 320 (Leica) and LAS Store and Recall v.4.1 software (Leica). The 142 observations were done at 3, 6, 12, 18, 24, 36, 48, 72, 96, and 120 435 where intact choanocyte chambers could be retained.

436

At 120-144 hpo, after the recovery of ectosome and endosome structure in the 437 regeneration area, the cell proliferation returns to the normal state, showing the intact pattern 438 with majority of DNA-synthesizing cells, occurring in choanocyte chambers. However, the 439 level of cell proliferation is still lower than in intact tissues (Figure 15E).

440

In the tissues, distant from the wound, the intact cell proliferation pattern persists during 441 the whole regeneration process (Figure 15F).

443 Apoptosis

444

We found no apoptotic cell in the intact tissue of A. cavernicola.

445

Two waves of apoptosis occur during the regeneration process. The level of apoptosis is 446 low during both waves with few apoptotic cells, located only at the upper part of the wound.

447 In the endosome under the wound and in tissues distant from the zone of regeneration 448 apoptotic cells are completely absent.

449

The first wave is associated with the early stages of regeneration. Apoptotic cells appear 450 at 6 hpo, and their number gradually decline during further regeneration (Figure 16A). At 12 451 hpo only single apoptotic cells occur at the upper parts of the wound area (Figure 16B), while 452 at 24 hpo they are virtually absent. Apparently, this wave of apoptosis participates in the 453 elimination of damaged cells from the wound area.

454

The second wave of apoptosis occurs at 48 hpo, when relatively numerous apoptotic 455 cells appears at the upper parts of the wound area (Figure 16C). This wave is probably 456 associated with the active elimination of cells through the emerging exopinacoderm during 457 later stage of regeneration (Figure 11E,F). Sponges are well known for their capacity to regenerate not only small body parts, but 464 also after substantial partial mortality and damage. In situ monitoring of naturally and 465 experimentally generated wounds confirms high recovery capacity of sponges from different 466 taxa and of different growth forms (Connes, 1966(Connes, , 1968;;Ayling, 1983;Hoppe, 1988;467 Duckworth, 2003;Henry & Hart, 2005;Wulff, 2010Wulff, , 2013)). These studies also discovered 615 Anucleated amoebocytes differ from archaeocytes by a smaller nucleus without nucleolus and 616 the presence of small phagosomes. The dedifferentiation of the spherulous cells through a 617 complete or almost complete loss of specific inclusions (spherules) was completely 618 unexpected process. However, the dedifferentiation of spherulous cells is not so rapid, as in 619 other dedifferentiating cells, because of high specialization of these secretory cells.

620

We identified two main cellular sources for the restoration of the lost tissue and 621 structures in A. cavernicola: archaeocytes and choanocytes. Both cell types contribute to the 622 restoration of the exopinacoderm and choanocyte chambers. The restoration of the choanocyte 623 chambers is carried out mainly due to the redifferentiation of the choanocytes, and to lesser 624 extent due to the differentiation of archaeocytes.

625

However, the future of dedifferentiated anucleated amoebocytes and spherulous cells 626 could not be traced. This issue requires the search and use of a special marker of these cells. It 627 is possible that dedifferentiated pinacocytes and spherulous cells could also participate in the 628 formation of the new exopinacoderm.

629

According to last investigations in Porifera there are not only two types of adult stem 630 cells (ASC): archaeocytes and choanocytes (Funayama, 2018), but at least four, including 631 pinacocytes and particular amoeboid vacuolar cells [START_REF] Ereskovsky | Oscarella lobularis (Homoscleromorpha, Porifera) Regeneration: 863 Epithelial Morphogenesis and Metaplasia[END_REF]Fierro-Constain 632 et al., 2017;Lavrov et al., 2018).

633

There are the differences in these ASC distributions among different sponge classes. In 634 Demospongiae the principal (pluripotent) ASC are archaeocytes and choanocytes, however

635 the experiments with their regeneration (including present data on A. cavernicola 636 regeneration) and dissociated cells aggregation demonstrated, that pinacocytes could also be 637 ASC (Korotkova & Nikitin, 1969a,b;Borisenko et al., 2015;Lavrov & Kosevich, 2016 [START_REF]number of spherulous cells per mm 2 in intact tissues and 1076 during regeneration in A. cavernicola. The differences between some of the means are 1077 statistically significant (ANOVA p-value = 2[END_REF]. Boxplot diagram of the number of spherulous cells per mm2 in intact tissues and during regeneration in A. cavernicola. The differences between some of the means are statistically significant (ANOVA p-value = 2.36E-07(<0.01)). Tukey's multiple comparisons showed no significant differences only in 3 pairs: Intact tissues-96 hpo; 6 hpo-12 hpo; 24 hpo-48 hpo. Duncan's new multiple range test (MRT) approve this, grouping these pairs into three clusters (A, B, C). The differences between Duncan's clusters are statistically significant (Supporting Table 4). 
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  a cell mass, consisting of heterogenous dedifferentiated and undifferentiated 359 (archaeocytes) cells, is formed under the upper part of the wound area. We considered it as a 360 blastema, as structurally it resembles blastemas formed during regeneration of other animals.361 Blastema occupies the wound area and the upper part of the regeneration area.362Simultaneously, the upper part of the wound area becomes similar to intact sponge 363 ectosome, showing structured ECM with collagen fibrils (Figure10A,B; Supporting Figure364 1F). The wound surface is mosaically covered with very thin superficial outgrowths of 365 developing T-shaped exopinacocytes, arising from blastema cells of the heterogeneous origin 366 (Figure10B,C,E). New exopinacocytes do not yet form close contacts with each other. In 367 some places submerged nucleated bodies of these cells are found. New exopinacocytes, in occur in the tissues, located 60-70 µm below the wound surface,

  et al., 2015). The principal difference of the transdifferentiation in 605 demosponges in comparison with Homoscleromorpha + Calcarea lineage is an occurrence of 606 the disruption of epithelial layers and cell dedifferentiation prior to this process in the 607 demosponges.608The similar processes were observed during A. cavernicola regeneration. The 609 archaeocytes and dedifferentiated cells participate in the restoration of the lost structures in 610 this sponge. We identify two cells types, which undergo dedifferentiation during A.611 cavernicola regeneration: choanocytes, spherulous cells, and population of anucleated cells of 612 mesohyl, including dedifferentiated pinacocytes, myocytes, and lophocytes. The choanocytes, 613 despite their dedifferentiation and loss of the flagella and collars of microvilles, are well 614 distinguished on ultrathin sections due to the persistence of two centrioles in their apical part.

Figure 1 .

 1 Figure 1. Time series photographs in situ of wounds to Aplysina cavernicola. Time series photographs of wounds to Aplysina cavernicola, Corrals Cave, Marseille, France June-July 2018. Two examples were chosen to illustrate individual variety of regeneration after experimental wounding. Wwound. Scale bar -1.2 cm. 179x68mm (300 x 300 DPI)

Figure 2 .

 2 Figure 2. Aplysina cavernicola in vivo A -intact sponge before operation; B -sponge just after operation; C -sponge after 48 hours after operation. o -osculum, w -wound. 90x198mm (300 x 300 DPI)

Figure 3 .

 3 Figure 3. Intact Aplysina cavernicola A -semi-fin section of upper part of sponge; B -TEM image of ectosome; C -exopinacocyte and spherulous cells (inset: detail of cell junctions between exopinacocytes); D -endopinacocyte; Echoanocyte chamber (inset: choanocyte); F -pocket cell with symbiotic bacteria; G -archaeocyte; Hmyocytes (inset: detail of myocytes with myofibrils). ar -archaeocyte, cb -cell body of exopinacocyte, cc -choanocyte chamber, ch -choanocyte, ectectosome, en -endopinacocyte, end -endosome, ex-exopinacocytes, f -flagellum, fp -flat part of exopinacocyte, in -inclusions in spherulous cells, my -myocyte, pc -pocket cell, n -nucleus, sbsymbiotic bacteria, sc -spherulous cell.180x272mm (300 x 300 DPI)

Figure 4 .Figure 5 .Figure 7

 457 Figure 4. Cells of the mesohyl in intact Aplysina cavernicola A -bacteriocyte; B -spongocyte; C -lophocytes; D -spherulous cell at the late stage of evolution expelled into exhalant canal; E -microgranular cell; F -granular cell; G, H -spherulous cells in two stages of their development. ar -archaeocyte, ba -bacteriocyte, ex-exopinacocytes, exc -exhalant canal, in -inclusions in spherulous cells, lo -lophocyte, mc -microgranular cell, n -nucleus, sb -symbiotic bacteria, sc -spherulous cell, sfskeleton fiber, sp -spongocyte. 180x266mm (300 x 300 DPI)

Figure

  Figure 8. Boxplot diagram of the number of spherulous cells per mm2 in intact tissues and during regeneration in A. cavernicola. The differences between some of the means are statistically significant (ANOVA p-value = 2.36E-07(<0.01)). Tukey's multiple comparisons showed no significant differences only in 3 pairs: Intact tissues-96 hpo; 6 hpo-12 hpo; 24 hpo-48 hpo. Duncan's new multiple range test (MRT) approve this, grouping these pairs into three clusters (A, B, C). The differences between Duncan's clusters are statistically significant (Supporting Table4).

Figure 9 Figure 10 .Figure 11 .

 91011 Figure 9. 12h of regeneration in Aplysina cavernicola A -semi thin section of the wound and upper part of endosome; B, C -TEM of the upper part of the wound, there are some non-secret cells at the wound surface (arrowheads), dedifferentiated choanocytes and spherulous cells; D -detail of the upper part of the wound; E -wound zone with dedifferentiated choanocytes; F -marginal zone of the wound with the part of intact exopinacocyte. ar -archaeocyte, cf -cells fragments, dch -dedifferentiated choanocyte, dsc -dedifferentiated spherulous cell, end -endosome, in -inclusions in spherulous cells, n -nucleus, ph -phagosome, sb -symbiotic bacteria, sc -spherulous cell, scf -spherulous cells fragments, w -wound, ws -wound surface.

  Figure 13. 96h of regeneration in Aplysina cavernicola A -semi thin section of the completely restored ectosome and upper part of endosome; B -TEM of the upper part of the restored ectosome; C -the endosome with new choanocyte chamber; D -the endosome with normal cell composition. ar -archaeocyte, cc -choanocyte chamber, ch -choanocyte, ect -ectosome, end -endosome, excexhalant canal, lo -lophocyte, n -nucleus, sb -symbiotic bacteria, sc -spherulous cell.

Figure 14 .

 14 Figure 14. Cell proliferation in intact tissues of Aplysina cavernicola. А -ectosome; B -endosome; Cendosome near the exhalant canal of the aquiferous system; D -DNA-synthesizing choanocytes with small round to oval nuclei; E -mesohyl DNA-synthesizing cells with large round nuclei. Cyan -DAPI, green -αtubulin, magenta -EdU. cc -choanocyte chamber, end -endosome, ect -ectosome, exc -exhalant canal of the aquiferous system. White arrowheads marks EdU-positive nuclei of DNA-synthesizing cells. Each image is a maximum projection, obtained from 55 µm Z stack

Figure 15 .

 15 Figure 15. Cell proliferation during Aplysina cavernicola body wall regeneration. A-E -cell proliferation in the wound area at different stages of regeneration: A -0-6 hpo; B -0-24 hpo; C -24-48 hpo; D -48-72 hpo; E -120-144 hpo; F -cell proliferation in intact tissues, distant from the wound, during regeneration. Cyan -DAPI, magenta -EdU. Dcc -disintegrating choanocyte chamber, cc -choanocyte chamber. White arrowheads marks EdU-positive nuclei of DNA-synthesizing cells. Each image is a maximum projection, obtained from 15 µm Z stack.

Figure 16 .

 16 Figure 16. Apoptosis during Aplysina cavernicola body wall regeneration. A -6 hpo; B -12 hpo; C -48 hpo. Blue -DAPI, red -TUNEL. White dashed line marks the wound edge, white arrows -TUNEL-positive nuclei of apoptotic cells. Each image is an optical slice through the wound area.

  

  

  

  

  

  Thus, the described increase in the level of apoptosis at the late stages of the A.709 cavernicola regeneration could be referred as a general tissue response, involved in the 710 restoration of the normal sponge physiology in the area of injury, rather than in regeneration 711 process itself. In planarians, the similar late general apoptotic response is also described, but it 712 participates in the intensive remodeling of intact tissues, adjacent to a wound, to restore 713 proper scale and proportions[START_REF] Pellettiere | [END_REF] Cebrià et al., 2018). V.E. and A.I.L. designed the study, conducted the experimental procedures with the living 740 animals; A.I.L. performed the cell proliferation studies; A.V.E. and D.B.T. performed 741 histological and ultrastructural studies. A.V.E.: Project administration and funding 742 acquisition; S.B., E.L.G., and A.I.L.: performed the apoptosis studies; A.V.E. and A.I.L. 743 prepared the manuscript with contributions from all authors. All authors reviewed and 744 approved the final manuscript. 745 746 Acknowledgements 747 Authors gratefully thank Alexandre Altié of Plateforme C2VN de Microscopie Électronique 748 TIMONE, Aix-Marseille Université, France, the Electron Microscopy Laboratory of the 749 Shared Facilities Center of Lomonosov Moscow State University sponsored by the RF 750 Ministry of Education and Science and Research Resource Center for Molecular and Cell 751 Technologies at St. Petersburg State University, the staff of the Common Service of 752 morphology in IMBE, and Dr. Jean Philippe Mévy (IMBE) -for help and assistance with 753 electron and confocal microscopy studies. Data used in this study were partly produced using 754 the Montpellier RIO imaging platform (confocal microscopy) (Montpellier, France). This 755 work was supported by grants of Russian Foundation for Basic Research no. 16-04-00084, the 756 Russian Science Foundation no. 17-14-01089 (histological and ultrastructural studies), and 757 Metchnikov fellowship 2019 by French Embassy in Russia. This work also is a contribution 758 to Labex OT-Med (n° ANR-11-LABX-0061) and has received funding from Excellence 759 Initiative of Aix-Marseille University-A*MIDEX, a French ''Investissements d'Avenir'' pro-760 gram for travel expenses. Alexander V. Ereskovsky 1,2,3 *, Daria B. Tokina 1 , Danial M. Saidov 4 , Stephen 5 Baghdiguian 5 , Emilie Le Goff 5 , Andrey I.Lavrov 2,6 In spite of big interest in various problems concerning origin and early steps of 66 evolution in animal regeneration, morphogenesis, cell turnover etc., up to now there are 67 surprisingly small number of the studies, dealing with ultrastructural, morphogenetic, cell and 68 genetic aspects of sponge reparative regeneration.
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. Similarly, in 704 the intact tissues of H. caerulea, many caspase-3 positive cells have a spherulous cell 705 morphology

(De Goeij et al., 2009)
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	158	Ultrathin sections (60-80 nm) were cut with a Leica UCT6 and an Ultramicrotome
	159 PowerTome XL, equipped with a Drukkert 45° diamond knife, and contrasted with 4%
	160 aqueous uranyl acetate. Ultrathin sections were studied under Zeiss-1000 (Carl Zeiss)
	161 transmission electron microscope.
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	163 sputter-coated with gold-palladium, and observed under Hitachi S 570 (Hitachi) microscope.
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146 cacodylate buffer (pH 7.4) and post-fixed for 2 h with 1% OsO 4 (Spi Supplies) on the same 147 buffer at room temperature (RT). Between fixation and post-fixation specimens were twice 148 rinsed with cacodylate buffer for 30 min. Finally, specimens were dehydrated in an ethanol 149 series at RT and stored in 70% ethanol at 4°C.

150

For semi-thin sections and transmission electron microscopy (TEM) specimens were 151 embedded in Araldite (Sigma-Aldrich) epoxy embedding media according to the 152 manufacturer instructions. Semi-thin sections (1 µm) were cut on a Reichert Jung 153 ultramicrotome (Reichert) and Ultramicrotome PowerTome XL (RMC Boeckeler) and then 154 stained with 1% toluidine blue -0.2% methylene blue mixture. The semi-thin sections were 155 studied under a WILD M20 microscope (Wild). Digital photos were taken with a Leica 156 DMLB microscope (Leica) using Evolution LC color photo capture system 157 (MediaCybernetics).