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Abstract: Immunocompetent cells of earthworms, coelomocytes, comprise adherent amoebocytes and granular eleocytes (chloragocytes). Both cell populations can be expelled via dorsal pores of adult earthworms by exposure to an electric current (4.5 V) for 1 min. Analysis by phase contrast/fluorescence microscopy and flow cytometry demonstrated that eleocyte population of several species exhibits a strong autofluorescence. A high percentage (11-35%) of autofluorescent eleocytes was recorded in Allolobophora chlorotica, Dendrodrilus rubidus, Eisenia fetida, and Octolasion sp. (O. cyaneum, O. tyrtaeum tyrtaeum and O. tyrtaeum lacteum). In contrast, autofluorescent coelomocytes were exceptionally scarce (less than 1%) in representative Aporrectodea sp. (A. caliginosa and A. longa) and Lumbricus sp. (L. castaneus, L. festivus, L. rubellus, L. terrestris). Thus, this paper for the first time describes profound intrinsic fluorescence of eleocytes in some - but not all earthworm species. The function (if any) and inter-species differences of the autofluorescent coelomocytes still remain elusive. (www.cm-uj.krakow.pl/FHC) Key words: Amoebocytes - Eleocytes - Earthworms - Flow cytometry - Autofluorescence



Introduction The earthworm coelomic cavity is filled with fluid containing free, wandering coelomocytes and their pigmented aggregates, called brown bodies, formed during encapsulation of invading bacteria and particulate waste products. The coelom communicates with the outer environment directly by dorsal pores and paired nephridial tubules through which metabolites are excreted. The dorsal pores represent also one of the important routes for the elimination of bacteria and "exhausted" coelomocytes. Under stress conditions, the coelomic fluid with its suspended cells can be rapidly expelled by increased intra-coelomic pressure [19]. The latter phenomenon has been exploited as a non-invasive method of sampling coelomic fluid and coelomocytes using electric current [12, 15], ethanol [4, 5] or ultrasound stimuli [10]. The classification of earthworm coelomocytes is largely based on differential staining, ultrastructure and granule composition, as well as behavioural traits such as adherence and chemotaxis [9]. The origin and relaCorrespondence: B. Płytycz, Dept. Evolutionary Immunobiology, Institute of Zoology, Jagiellonian University, Ingardena 6, 30-060 Krakow, Poland; e-mail: [email protected]



tionships of the main populations of coelomocytes, namely amoebocytes and eleocytes [7] are not yet completely known. Perhaps amoebocytes derive from the mesenchymal lining of the coelom [9] while eleocytes originate by the detachment of chloragogen cells covering intestinal tract [1]. All these coelomic cells are involved in various aspects of cellular and humoral immunity: the former by phagocytosis [8], encapsulation [20], and cytotoxicity [17], and the latter by secretion of antimicrobial substances [6]. Chloragocytes/ eleocytes resemble the invertebrate liver cells in certain functions. For example, they are involved in the metabolism and storage of glycogen and lipids. They also transport nutrients via the circulation into the coelomic fluid as well as to various cells and organs [1, 9]. The most characteristic feature of eleocytes is the presence of distinct granules (chloragosomes) [1, 14]. During recent experiments we recorded a strong autofluorescence of eleocytes of Dendrobaena veneta [13], apparently absent in the amoebocytes. The number of autofluorescent eleocytes decreased in earthworms exposed to cadmium or copper and was restored after transfer to metal-free soil. This phenomenon yielded a new biomarker tool for the objective, rapid and reproducible quantification of the impact of various environmental toxicants on a cohort of immunocom-



66 petent cells in a terrestrial receptor organism, the earthworm. However, during pilot studies on another earthworm species, Lumbricus rubellus, no autofluorescent coelomocytes were encountered. Therefore the main goal of the present study was to perform a rapid screening of 12 earthworm species to investigate the presence or absence of autofluorescent coelomocytes. As the number and composition of such cells may depend on exogenous (i.e. environmental) and endogenous (i.e. biotic, life-cycle) factors, all earthworms used for testing were collected within a short period of time in the same locality.



Materials and methods Earthworms. Adult (sexually mature) earthworms were collected from Bute Park, Cardiff, in November. In total, 12 species were obtained, namely Allolobophora chlorotica (Savigny, 1826); Aporrectodea caliginosa (Savigny, 1826); Aporrectodea longa (Ude, 1885); Dendrodrilus rubidus (Savigny, 1826); Eisenia fetida (Savigny, 1826); Lumbricus castaneus (Savigny, 1826); Lumbricus festivus (Savigny, 1826); Lumbricus rubellus (Hoffmeister, 1843); Lumbricus terrestris L. (1758); Octolasion cyaneum (Savigny, 1826); Octolasion tyrtaeum lacteum (Örley, 1881), and Octolasion tyrtaeum tyrtaeum (Savigny, 1826) [16]. All earthworms were maintained at 15˚C in the original soil and used for experiments within one week after collection. The numbers and body weights of individuals from each particular species are presented in Table 1. Harvesting of coelomocytes. Earthworms were stimulated for 1 min with a 4.5 V electric current to expel coelomic fluid with coelomocytes through the dorsal pores according to a procedure modified after Roch [15]. Briefly, after weighing, washing and dry-blotting, the earthworms were placed individually in Petri dishes containing 1-4 mL (dependent on the earthworm body weight) of extrusion fluid (PBS supplemented with 2.5 g/L EDTA) to prevent cell aggregation [12]. Extruded coelomocytes were counted in a haemocytometer. Our preliminary experiments revealed negligible number of free coelomocytes retrieved by Pasteur pipette from the coelomic cavity through the incised body wall of animals soon after electric shock (data not shown). Cell viability was assessed using Trypan Blue exclusion test [11], after mixing equal volumes of coelomocyte suspensions and 0.4% Trypan Blue (Sigma) solution. Cell viability always exceeded 95%. As earthworms of various weights were used, the number of cells was calculated per unit of body mass (Table 1). Cells were examined by fluorescence microscopy (Olympus BH-2) and photographed (FUJIX Digital Camera HC-3002). Each earthworm was used only once and coelomocytes from each particular earthworm were analysed individually. Flow cytometry. Unfixed freshly prepared coelomocytes were analysed with a FACScalibur flow cytometer (BD Biosciences). Initial range-finding experiments used Draq V (Biostatus, Leicestershire, UK), a cell-penetrating DNA-binding fluorochrome, to discriminate intact cells from debris in order to determine appropriate voltage gain settings. During analytical experiments, 10000 thresholded events per worm sample were collected, with forward and side scatter and FL-1H autofluorescence being recorded. The resulting FCS files were analysed, using WinMDI 2.8 software (Joe Trotter, http://facs .scripps.edu), by producing quadrants to sector density plots of side scatter versus FL1-H autofluorescence and thus to quantify the proportions of cells that were strongly autofluorescent. The calculation of coelomocytes per worm and worm mass allowed the number of autofluorescent cells to be estimated.



J. Cholewa et al. Statistical analysis. Results were expressed as means ± standard errors. Differences between means were determined by ANOVA and post hoc Tukey test (with the level of significance established at p 
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