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African lungfish are almost unique amongst fish species in that they are able to aestivate for long periods of time when faced with drought conditions. An essential aspect of this ability is the production of a protective cocoon. The aim of this study was to investigate if specific aspects of the structure and composition of the cocoon could be instrumental in lungfish survival under aerial conditions.

African lungfish were maintained, in individual aquaria, at McMaster University for approximately 6 months before terrestrialization. During this period the lungfish were fed on alternate days a diet of bloodworms. The water was then removed and the fishes terrestrialized in a darkened environment. On every second day 2 – 5 ml of water were sprayed onto the fish. Cocoons were collected, from representative fish, after 2 weeks, 8 weeks and 4 months terrestrialization. During collection the addition of water was used to assist cocoon removal. Once collected the cocoon was immediately frozen in liquid nitrogen and then stored at -70oC.

For structural analysis samples of the cocoon were embedded in resin. Ten (m transverse sections were then cut, mounted glass slides and stained with toluene blue. For biochemical analysis cocoon samples were initially prepared by homogenizing a known amount (approximately 75 – 100mg) in 2.0ml, 0.2M perchloric acid (PCA). The homogenate was collected by centrifugation and washed twice more in 2.0 ml 0.2M PCA. The first and second supernatants were combined and retained for ammonia and urea measurements. Ammonia was measured using a commercially available ammonia detection kit (Raichem, San Diego, USA) and urea was measured according to the methods described by Rahmatullah and Boyed (1980). The final homogenate was dissolved, for 1 h at 37oC, in 5.0ml, 0.5M NaOH. Total protein, RNA and DNA were measured according to the methods described by Mathers et al (1993). 
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Light microscopy revealed the majority of the cocoon biomass is composed of a series of layers of approximately equal thickness (Fig 1). In addition structures which appear to be cells appear at intervals on the inner surface (Fig 1).




Figure 1. Toluene blue stained transverse section of the cocoon of the terrestrialized African lungfish (x40). 

The possibility of cells existing within the cocoon is supported by the detection of RNA and DNA in the overall composition (table 1). RNA : protein has been shown to be an index of the capacity for protein synthesis (Millward et al, 1973) and, in this sense, the African lungfish cocoon has a greater protein synthetic capacity than many fish tissues (e.g. Mathers et al, 1993; Smith et al, 1996).

Table 1. Nitrogenous waste and nucleic acid composition of the cocoon of the African lungfish at different terrestrialization periods. Superscript lettering indicates similarities and differences of each parameter in cocoons of different ages.

	Cocoon age 
	Nitrogenous waste concentration 

((mol g-1 wet mass)
	Biochemical indices

	
	Urea
	Ammonia
	RNA : protein 

((: mg)
	RNA : DNA

	2 weeks
	41.6 ( 10.8a
	2.1 (0.8a
	111.1 ( 8.2a
	21.6 ( 3.8a

	8 weeks
	3.8 ( 0.8b
	5.7 ( 2.5b
	119.2 ( 7.1a
	8.9 ( 2.6b

	4 months
	9.0 ( 1.8c
	28.2 ( 6.4c
	112.9 ( 15.5a
	10.8 ( 0.6b


The trend in ammonia and urea concentrations, with cocoon age, are similar to that measured in aestivating lungfish tissues (Chew et al, 2004) although cocoon ammonia concentrations are between 5 – 10 times higher than in the muscle, liver, brain or gut. This suggests a degree of compartmentalization of nitrogenous waste between the body and the cocoon during terrestrialization with the cocoon acting as a sink.

Whether or not these cells are instrumental in cocoon protein synthesis or nitrogen excretion is, as yet, unknown. More experiments are in progress to address these questions. Also a more detailed electron microscopy structure analysis is underway. However these data do suggest the cocoon of the African lungfish may be much more than an inert protective coating. Instead it may be a metabolically active tissue with specific excretory functions.
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