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ABSTRACT 

oxygen consumption immediately on being submerged in seawater after simulated 

, transport stress of 36 h, but values were lower than those of control animals. 

There was no mortality experienced during simulated transport of Haliotis Midae for 36 

hat 7 DC and 10 DC. 
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1. INTRODUCTION. 

1. 1. AIMSANDOBJECTIVES 

Abalones (Halio!is spp.) are in considerable demand as a delicacy (Olley,1971; Olley 

and Thower, 1977) in many parts of the world but especially in the Far East. This has 

led to an industry which involves not only harvesting natural populations but also, as 

such populations have declined, setting up artificial culture of appropriate species (Lo

Chai Chen, 1990; Knauer et al., 1996; Ebert et al., 1984; Uki et al., 1981; Britz, 1996; 

Gonzalez Aviles and Shepherd, 1996). The industry provides a significant number of 

employments and brings valuable foreign currency into South Africa. However, one of 

the major problems faced by the industry is spoilage of the flesh during transport 

(James and Olley, 1970; Baldwin et al., 1992). The main reasons for such spoilage, 

particularly in terms of metabolic end products, as well as steps which may be taken 

to alleviate flesh spoilage, are addressed in this project. 

This study was prompted a conspicuous lack of information on biochemical and 

physiological aspects Haliotis midae during transportation. This thesis then examines 

biochemical and physiological effects of transportation stress in live perlemoen, 

Haliotis midae, muscles under conditions designed to simulate those experienced 

when live animals are air-freighted to overseas markets. 

Aspect of abalone energy metabolism, particularly the accumulation of metabolic end 

products during air exposure to environmental anoxia and during whole body righting, 

were investigated. A further aim of the study was to compare H midde's metabolic 

capabilities with those of other abalone species for which similar data were available 

An additional objective was to assess some physiological responses (oxygen 

consumption and heart rate) of Haliotis midae to low temperature (7°C) at which 

transportation normally takes place, and possibly to suggest improvements to 

commercial handling and transport procedures. 
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1. 2. The genus Haliotis. 

Abalone are herbivorous prosobranch gastropods of the family Haliotidae, Linnaeus 

1758 (Hahn, 1989; FaUu, 1991; Shepherd et aI., 1992). Between 75 and 100 species 

have been described world-wide (Shepherd et al., 1992; Jarayabhand and Paphavasit, 

1996). All these species are assigned to the genus Haliotis. The name is apt and means 

"sea ear". 

1. 3. Morphology of Haliotis. 

The animals have a flattened, spiral shell with enlarged aperture and rows of small 

holes along the left side (Day, 1974; Fallu, 1991). The holes are largest towards the 

anterior and decrease in size towards the posterior, those at the back being almost 

blocked. The holes are used for both respiration and waste disposal; water enters the 

gill cavity under the front margin of the shell and exits through the holes. During 

growth periods, new holes are created and old ones are filled in. The shell hides the 

large, muscular foot, which is used both for locomotion and for holding firmly onto 

the substratum. It is protected from predation by a tough outer skin. The margin of the 

foot has sensory tentacles which detect predators and food. The gut is coiled between 

the stalk of the foot and the rim of the shell. A thin layer of skin grows out of the stalk 

and adheres to the surface of the shell, so sealing off the mantle cavity and gut from 

the external environment. 

1. 4. Biology, development and ecology of Haliotis. 

During spawning (Uki and Kikuchi, 1984) egg and sperm are shed into the mantle 

cavity, from which they escape into the water. During planktonic development 

(Newman, 1964, 1966, 1967, 1968, 1969; Fallu, 1991; Shofer and Tjeerdema, 1993; 

Branch et al., 1994; ) the larvae undergo changes from swimming trochophore to 

veliger, before metamorphosis and settlement as post-larval juvenile. As the shell 

develops, it grows by adding material onto the anterior right-hand side (Fallu, 1991; 

Trueman and Brown, 1985) and it rotates on the body as it grows. Shell lengths are 
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commonly used as an indicator of age. Final body size IS related to temperature (Lo

Chai Chen, 1990; Fallu, 1991). The largest species is the Californian abalone Haliotis 

rufescens, reaching a shell length of 290 mm and weighing more than 1.7 kg (Hahn, 

1989). Haliotis midae, the subject of the present study, attains a shell length of 100 

mm. 

Abalone are commonly associated with large brown algae, including kelp (Branch et 

al., 1994), and are exclusively herbivorous, scraping algae off the rocks by means of 

their radulae. They are active nocturnally. The staple foods of Haliotis midae are the 

kelps Ecklonia maxima, Graci/aria salicornia and Laminaria (Field et al., 1977; 

Barkai and Griffiths, 1986; Tarr, 1989; Singhagraiwan et al., 1992; Branch et al., 

1994). 

Abalone are often named after the colour of the foot; for example brownlip or 

greenlip (FaUu, 1991; Oakes and Ponte, 1996). 

1. 5. The distribution of Haliotis species. 

Abalone are cosmopolitan gastropods found in temperate and tropical seas, occurring 

from the intertidal zone down to depths in excess of 400 m (McLean, 1966; Tarr, 

1989), although some species, including the South African H. midae, are only found 

in shallow waters. The distribution pattern of the species indicates four distinct faunal 

regions (Shepherd et a/., 1992) - East Africa and the Indian Ocean; Australia - New 

Zealand; the Japan-China coast; and the Pacific Insular Arc. 

Five species of Haliotis occur in South Africa (Fig. 1). H. midae being found from 

Cape Columbine on the west coast to about Port Elizabeth in the south-east (Newman, 

1965; Kensley, 1973). 

3 
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20' 

Southern A fri 

Fig. 1. Distribution of temperate Haliotis in South Africa 1 

1. 6. Fishery industry. 

Among the 100 specIes of Haliotis, only 20 

fisheries. Major fisheries production areas are 

L.......,"UUUU, USA, Mexico and South Africa ( and 1 
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1996). Abalone products are marketed in different forms live, frozen, canned and 

dried. Japan and China are the major consumers, taking 80% of the world catch 

(Redmayne, 1991). About 20 000 metric tons of abalone production with a value of 

about US$ 300-400 million was estimated in the 1980's (Table 1). The abalone 

industry faces competition with other major fisheries, forcing the industry into decline 

(SFRl, 1998; Cook and Grant, 1998). 

Table. 1. Estimated supply volume and price structure for major abalone- producing 
countries. Supply is presented in metric tons (MT) of whole body, including shelL 
Weight and dollar values were calculated using the conversions given by Oakes and 
Ponte (1996). 

Country 

Mexico 

Species 

Hfulgens 

H rufescens 

H cracherodii 

South Africa H midae 

Australia H laevigata 

H rubber 

H roei 

Annual supply 

(MT) 

2000 

600 

3600 

Hong Kong H diversicolor diversicolor 567 

H diversicolor supertexta 

Japan H discus hannai 4000 

H discus 

USA Hrefescens 350 

1993 Price 

(US$ Mrl) 

24000 

25000 

21 850 

22200 

66000 

25000 
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H carcharoides 

H sorenseni 

Hfugens 

1. 7. South African abalone fishery. 

CHAPTER 1 

The abalone fishery in South Africa relies on only one species, H midae, locally 

known as Perlemoen - a Dutch word for mother of pearl (Tarr, 1989). The fishery is 

based on subtidal stocks covering a coastal length (Fig.2) of approximately 580 krn 

O'\fewman, 1964; Tarr, 1992). 

In 1953 the Government imposed a fishing size limit of 10.16 cm breadth (12.4 cm 

shell length) which later was elevated to 11.43 cm ( 13.8 cm shell length) due to over

fishing. There are four factories for the industry and, according to government 

legislation, the factories have to market 10% of their products locally. In 1968 each 

factory was granted a fixed percentage quota and divers were affiliated to specific 

factories. The quota system was changed to mass quota based on mass delivery to the 

factories and was expressed as the sum of total abalone catch in each of the fishing 

zones. The annual Total Allowance Catch (TAC commercial quota) stands at 515 

metric tons (SFRI, 1998) which represent a 16% overall reduction since 1995. This 

reduction in the TAC is an action implemented to compensate for the growth of other 

sectors of the fishery such as recreation (Sweijd, 1999). 
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Estimates of catch per unit effort (C.P.U.E.) are illustrated in Figure 3. These show a 

general declining CPUE over the period between 1960 and 1970 (Tarr, 1997). 

1200rC_.P_.U_._E_._(~ __ I_d_I~ __ r_/m_o_n_t_h_} ____________ C~.~P~.U~.E=.~(~~~/d~l~v:er~/~h~o~ur~) 
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Fig. 3. Catch per unit effort (C.P.U.E.) trends for all areas combined (after Tarr, 1997). 
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1. 8. Economic importance. 

Abalone fanning recently attracted the attention of investors as a viable commercial 

venture resulting in emerging industries. The cocktail abalone fetches high prices in 

the world market. Areas like California and Japan have succeeded in developing large 

abalone industries (Oakes and Ponte, 1996), while South Africa is still in the early 

stage of abalone industry development, but it seems likely that in future fanning of 

South African abalone will intensified with wider market opportunities to the eastern. 

For transportation of live abalone, speed of delivery is important; this being done 

almost exclusively by air. The cost of air freight will always necessitate the use of 

light packing mass, excluding the possibility of transport in tanks (Dichmont and 

Przybylak, 1990, 1991; Dela-Cruz and Morris, 1997). Abalone are therefore, 

transported in cold containers with some humid packing materials. 

1. 9. Energy metabolism of molluscs with special reference to 

Haliotidae. 

Many marine invertebrates undergo anaerobic metabolism during periods of oxygen 

lack, such as exposure in air during low tide. Haliotidae which are often subjected to 

such conditions during transportation have to develop adaptational mechanisms to 

enable them to survive. Such adaptation mechanisms are dictated by different 

enzymes that tenninate anaerobic glycolysis in the tissues of many marine 

invertebrates (Ellington, 1979, 1980; Giide and Grieshaber, 1986) producing end 

products such as tauropine, octopine, strombine and alanopine via reductive 

condensation of pyruvate (Field and Hochachka, 1981; Plaxton and Storey, 1982a,b; 

Storey, 1983; Nicchitta and Ellington, 1984) with respective amino acids (taurine, 

arginine, glycine, alanine). During low tide or reduced oxygen tension in mud flats, 

marine and fresh water invertebrates such as bivalves, gastropods and annelids 

experience anoxic conditions (de Zwaan, 1977; England and Baldwin, 1983). These 
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speCIes are able to withstand prolonged environmental anaerobiosis. Their 

metabolism, during such periods of environmental anoxia, is characterised by co

fermentation of aspartate and glycogen, leading to the formation of end products such 

as alanine, acetate, succinate and propionate depending on the species. The rate of 

energy production during anaerobiosis is low, but ATP yield increases (Barringtone, 

1979; Ebberink et al., 1979; Livingstone, 1982; Storey, 1985). 

The capacity of muscle tissues of Haliotis to synthesise ATP at times of excessive 

locomotory activity by aerobic means is reduced and energy provisions are met during 

functional anoxia via arginine phosphate and anaerobic glycolysis resulting in the 

accumulation of lactate and opines as end products as well as the building up of 

arginine in the tissues (Grieshaber, 1986; Glide, 1986, 1988; Baldwin et at., 1992). 

Arginine phosphate is a major source of energy supply during environmental and 

functional anoxia among Haliotis spp. 

1. 10. Energy n1etabolisrn ofHaliotis during transport. 

Reduced temperature during transportation of live abalone is necessary to minimise 

metabolic rate and flesh spoilage. It is important that good packaging methods are 

used during transportation to minimise stress which might lead to accumulation of 

anaerobic end products (Diclunont and Przybylak, 1990,1991; Morris and Oliver, 

1999). Transportation of live seafood at low temperature to minimise mortality has 

received limited attention by live seafood exporters (Whiteley and Taylor, 1990; 

Whiteley et al., 1990; Samet et al., 1996). 

The metabolic events associated with anaerobic stress during handling and shipping of 

live abalone is known for H iris (Baldwin et ai., 1992; Ryder et al., 1994). Abalone 

have biochemical mechanisms that enable them to survive when removed from water 

and these include the synthesis of pyruvate reductase compounds, such as tauropine 

(Glide, 1988). Tauropine is suggested to have a biological role in protecting tissues 

during hypoxia (Baldwin et al., 1992). 

10 
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Pyruvate reductase end products produced during air exposure, can be used as 

indicators of anaerobic stress (Bayne et al. 1976; de Zwaan and Wijsman, 1976; 

Baldwin et al., 1992) and these could as well be used to evaluate meat quality (James 

and Olley, 1970). Shofer and Tjeerdema (1998) suggested that the metabolic state of 

tissues can be evaluated from the adenylate energy charge, the ratio of concentration 

of ATP to its degradation products ADP and AMP (Atkinson and Walton, 1967). 

1. 11. Oxygen consumption during simulated transport. 

The relative abundance of oxygen over carbon dioxide in air compared to water 

often allows a relative hyperventilation for oxygen uptake and, consequently, carbon 

dioxide excretion becomes a problem (Dejours, 1981). 

Oxygen consumption of Haliotis kamtschatkana during locomotion exercise was 

reported by Donovan and Carefoot (1997), in gastropods (Boyden, 1972; Calow, 

1974). They reported a linear relationship between oxygen uptake and crawling both 

in aquatic and aerial environments. The Haliotis foot rhythmic movement is a strategy 

which saves energy during grazing and escape from predators ( Miller, 1974; 

Trueman, 1983). 

Insufficient oxygen consumption during air exposure causes stress that depends on the 

functioning of blood pigments which are not optimised (Storey and Storey, 1978; 

Wood and Randall, 1981; Storey, 1983; Morris et aI., 1985; McMahon and Burggren, 

1988). The acid-base balance of the blood during emersion has been studied in 

various crustaceans such as lobster Homarus gammarus (Taylor and Whiteley, 1989), 

cray fish Austropotamobius pallipes (Taylor and Wheatley, 1980) and crab Scylla 

serrata (Varley and Greenaway, 1992). 

11 
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1. 12. Heart beat. 

The first description of the haliotid cardiovascular system was given by Crofts (1929) 

for Haliotis tuberculata. Later, the vascular anatomy of H corrugata was studied by 

Bourne and Redmond (1977) and that of H cracherodii by Jorgensen et al. (1984). 

The relationship of Haliotis ruber heart rate to water temperature and partial oxygen 

tension was reported by Russell and Evans (1989). The heart rate decreases when 

animals are exposed to air. When marine invertebrates are exposed to air during low 

tide (Trueman, 1967) or subjected to pollutants (Stenton-Dozey and Brown, 1994) 

heart rate decreases, indicating stress which could result in death of the animal. 

The heart beat of Haliotis midae was measured during simulated transport to 

investigate physiological conditions of the stressed animal 

12 
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2. MATERIALS and METHODS 

2. 1. Experimental animals. 

CHAPTER 

Haliotis midae: Abalone (shell length 90 - 100 mm) were collected by divers from 

Onrus near Hennanus and from Cape Point. Live specimens were transported to the 

laboratory and kept in glass aquaria ( 90 x 32 x 37 cm) in circulating, aerated sea 

water at an ambient temperature of 15°C. The specimens were collected by divers 

using bar knives to lift the abalone from rock substrata. They were carefully removed 

without injuring the foot. The shell length was measured as the distance between the 

posterior and anterior extremities of the shell. Size of the animals was chosen to 

correspond to the market size. Animals were transporte~ on a flat, rigid plastic sheet 

in a polystyrene box (44 x 38 x 26 cm). The temperatuif inside the box was kept low 

by means of an ice block. On arrival they were placed in the aquarium at 15°C for 

two weeks before beginning the experiment. They were fed on kelp, which is their 

dominant food in the natural habitat (FaUu, 1991; Branch et al., 1994). Fresh kelp 

was provided twice a week. Abalone adhered to the glass walls of the aquarium and 

were extremely difficult to remove, they were in good condition and no damage to the 

foot was experienced. 

Loligo vulgaris: The enzyme octopine dehydrogenase was needed for one of the 

biochemical assays described later. The mantle tissue of the squid, Loligo vulgaris, 

was used as a source of this enzyme. Specimens of Lo/igo vulgaris were caught from 

False Bay by fishennen using line hooks. Six animals, with an average body length of 

25.17 ± 1.17 cm, were gutted, skinned and the mantle muscles kept frozen at - 80°C 

for future OcDH extraction. 

11 
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2. 2. Profile of distribution of various dehydrogenases in 

Haliotis midae tissues. 

2. 2. 1. Sample preparation. 

Abalone (n::::: 7) were removed individually from the aquarium and tissues removed 

from the shell immediately by applying thumb pressure to the posterior edge of the 

adductor muscle where it abuts the shell. The shell adductor, foot and gill were 

excised for analysis of enzyme activities (Gade, 1986). 

About 1 to 5 g wet weight of tissues were diced with scissors and homogenised ( 1 : 5 

w I v ) in ice cold, 50 mM imidazole buffer, pH 7.2, containing 1 mM EDTA and I 

mM dithiothreitol (DTT), using an Ultra Turrax T - 25 homogeniser. The homogenate 

was centrifuged at 2000 x g for 20 minutes at 4°C. The supernatant was kept aside. 

The pellet was rehomogenised in the same buffer as above and, after centrifugation, 

the supernatants were pooled. 

2. 2. 2. Enzyme assays in crude extract. 

Soluble protein was assayed in the clear supernatant according to the method outlined 

in Gade (1986). The following enzyme activities were detennined in the supernatant: 

tauropine dehydrogenase (TaDH), lactate dehydrogenase (LDH), octopine 

dehydrogenase (OcDH), strombine dehydrogenase (StrDH), alanopine dehydrogenase 

(AlaDH) and malate dehydrogenase (MDH). 

All detenninations were carried out at 340 nm and 25°C in 1 ml cuvettes in a 

Vitatron Universal photometer. The final volume was 1 ml. Detennination was 

perfonned in duplicate with different concentrations of extract used to ensure 

linearity. The various enzyme activities were measured under the following 

conditions: 

12 
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Tauropine dehydrogenase ( EC 1. 5. 1. X) 2.S mM pyruvate, O.IS mM NADH, SO 

mM imidazole-Hel buffer, pH 7.0. The reaction was started with taurine (80 mM). 

Lactate dehydrogenase (EC 1. 1. 1. 28) (pyruvate reductase) O.1S mM NADH, SO 

mM imidazole-Hel buffer, pH 7.0. The reaction was started with pyruvate (2.S mM). 

Dctopine dehydrogenase (EC 1. 5. 1. 11) 2.S mM pyruvate, O.1S mM NADH, 50 mM 

imidazole-Hel buffer, pH 7.0. The reaction was started with arginine (5 mM). 

Strombine dehydrogenase (EC 1. 5. 1. 22) 2.5 mM pyruvate, 0.15 mM NADH, 50 

mM imidazole-Hel buffer, pH 7.0. The reaction was started with glycine (200 mM). 

Alanopine dehydrogenase (EC 1. 5. 1. 17) 2.S mM pyruvate, 0.15 mM NADH, 50 

mM imidazole-Hel buffer, pH 7.0. The reaction was started with alanine (lOOmM). 

Malate dehydrogenase (EC 1. 1. 1. 37) 0.15 mM NADH, 50 mM imidazole-Hel 

buffer, pH 7.0. The reaction was started with oxaloacetate (0.5 mM). 

The oxidation of NADH was monitored at 340 nm usmg a Vitatron Universal 

photometer equipped with a recorder. One unit of enzyme activity (IU) is taken as the 

amount of enzyme causing transformation of 1 !-Lmol of substrate I min under standard 

condition. The absorption coefficient ofNADH at 340 nm is taken as 6.3 !-Lmol cm'l. 

2. 2. 3. Purification of enzymes from muscles of Haliotis midae and 

Loligo vulgaris. 

Tauropine and octopine dehydrogenases from H midae and Loligo vulgaris 

tissues were purified for the determination of metabolites from abalone muscles. 

13 
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Preparation of tissues : All procedures were carried out at 4°C. Fresh shell adductor 

muscle of Haliotis midae was diced with scissors, suspended in 50 mM imidazole

HCI buffer, pH 7.2 (1 : 5 w / v), containing 1 mM EDTA, 1 mM dithiothreitol and 

homogenised with an Ultra Turrax T -25 homogeniser. The homogenate was 

centrifuged for 20 min at 20 000 x g. The supernatant was put aside and the ,pellet 

rehomogenised in an appropriate volume of the same buffer and centrifuged as before. 

The combined supernatants formed the crude supernatant, it was brought to 45% 

saturation with ammonium sulphate under constant stirring and centrifuged as before. 

The protein pellet was discarded, and the resulting supernatant was then adjusted to 

80% saturation with ammonium sulphate, stirred and centrifuged as above. The 

precipitate was resuspended in 10 ml of homogenisation buffer and was applied in 2.5 

ml aliquots to a pre-packed G-25 Sephadex column ( 1.5 x 8.0 cm) equilibrated in 

homogenisation buffer. The crude extract was eluted with this buffer to the void 

volume to remove salt contents. 

Tauropine dehydrogenase (FaDH) from H midae tissues: The aliquots from the G-25 

Sephadex column were pooled and applied to a pre-packed DEAE-Sephacel column 

(1.6 x 40 cm) equilibrated with 50 mM imidazole buffer-HCl pH 7.2, containing 1 

mM EDT A and 1 mM DTT. After the application of the crude extract, column was 

washed with 100 mlof equilibration buffer. The unbound substances were washed off 

the column of the ion-exchanger matrix while proteins such 'as TDH bind to the 

matrix under these conditions. Bound enzyme was eluted from the column using a 

linear gradient of 0 - 180 mM NaCI in 600 ml equilibration buffer. Fractions (l0 ml) 

were assayed for tauropine, lactate and malate dehydrogenases. 

Octopine dehydrogenase : About 20 g of frozen mantle muscle of squid, Loligo 

vulgaris, was homogenised in ( I : 5 w / v) ice cold 10 mM Tris-HCI buffer, pH 7.5, 

containing 1 mM EDT A and 1 mM DTT and the procedure repeated. The combine 

supernatants were passed through a pre-packed 

G-25 Sephadex column ( 1.5 x 8.0 cm) equilibrated with the extraction buffer. The 

aliquots were pooled and applied to a pre-packed DEAE-Sephacel column ( 1.6 x 40.0 

cm), equilibrated with 10 mM Tris-HCI buffer, pH 5.0, containing 1 mM EDTA and 

14 
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I mM DTT. The column was washed with 100 ml of equilibration buffer. Elution 

fractions ( 10 ml) were assayed for OcDH, MDH, LDH. 

2. 2. 3. 1. Protein determination. 

Protein in the elutant was monitored by measuring the absorbance at 280 nm, using a 

LBK Ultrospec spectrophotometer. Protein detennination on the pooled enzyme 

fractions and of the purified enzymes was perfonned according to the method of 

Lowry et al. (1951), with bovine gamma globulin as standard. 

2. 3. Incubation of abalone in oxygen-free sea water. 

In total 18 abalone were incubated in pairs in an aquarium ( 21 x 40 17 cm) filled with 

sea water (15°C) that had been gassed with pure nitrogen until P02 (monitored with an 

oxygen electrode, Syland Scientific) reached almost zero mm Hg. The oxygen 

electrode was calibrated with air-saturated seawater as detennined by Winkler 

titration ( Strickland and Parsons, 1968). After the animals were inserted, the 

aquarium surface was covered with a polystyrene sheet and the water flushed with a 

constant, slow stream of nitrogen gas. After 6 h of anoxic incubation, the animals 

were removed, and the shell adductor, foot and gill muscles excised, blotted and 

frozen in liquid N2 then stored at -80 0c. Nine abalone were used as control by 

placing them in well aerated seawater at 151°C. After 6 h in anonnoxia, the animals 

were removed and tissues treated as above. 

2. 4. Behaviour of H midae during exercise 

Nine individual abalone were exercised for 15 to 18 minutes in an aquarium 

(25 x 25 x 25 cm) at 15°C with flowing aerated seawater. The animals were placed 

upside-down on their shells; their righting movements involved vigorous contractions 

of the shell adductor and foot muscles. When the animals had regained their nonnal 
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posture, they were immediately inverted again. The procedure was repeated for up to 

18 min, when the animal could no longer make any muscular movement and 

appeared to be too exhausted to right itself. Animals were then killed, the shell 

adductor, foot and gill muscles excised, frozen in liquid N2 and stored at - 80°C. 

2. 5. Transport simulation studies on Haliotis midae. 

In this experiment, the simulated transportation protocol was designed to b~ as similar 

as possible to that used in commercial operation. 

A clear plastic bag, 74 cm long and 54 cm wide, was packed with foam sponges (2.5 

cm thick) which had been soaked in seawater. A perforated polystyrene sheet was 

placed on top of the sponges with an ice block underneath. Abalone were removed 

from seawater ( 7 °C and 10°C respectively) and packed into the plastic bag resting 

on the polystyrene sheet and then flushed with pure oxygen. The bag was closed and 

placed in a polystyrene box ( 44 x 38 x 26 cm). Polystyrene chips were packed into the 

box. The lid of the box was then closed with adhesive tape. The boxes were placed in 

a temperature controlled room at 7 °C and 10°C respectively and sampled after 6, 12, 

24 and 36 hours. The temperature inside the box was monitored with Bailey Bat 

thermometer throughout the experiment. The adductor, foot and gill tissues were 

frozen in liquid N2, then stored at - 80°C for further analysis. 

2. 6. Metabolites in tissues. 

Metabolite concentrations were determined in shell adductor, foot and gill of Haliotis 

midae subjected to oxygen free seawater, exercise and simulated transport 

experiments. Assays were carried out at room temperature, using a Vitatron Universal 

photometer with a final concentration of 1 ml in the cuvette. 

2. 6. 1. Preparation of perchloric acid (peA) extract. 

Perchloric acid extracts (PCA) from frozen tissues were made according to the 

method of Zebe and Gade (1993). Frozen tissue samples were ground to powder in a 
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mortar, cooled by liquid N2. The powder was then transferred into a pre-weighed 

Eppendorftube containing perchloric acid (PCA, 1 M) which was adjusted to a tissue 

I PCA ratio of 1 : 5. The mixture was sonicated twice for 10 s by means of a Branson 

sonifier B 30 and centrifuged for 10 min at 20 000 x g (RC5C, SorvaU) at 4°C. The 

pellet was resuspended in PCA and the procedure repeated. The combined 

supernatants were neutralised by adding K2C03 ( 3 M), The precipitate was 

centrifuged as above and the final volume of the extract measured. Arginine, arginine 

phosphate and adenosine nucleotide concentrations from the PCA extract were 

assayed immediately. About 5 ml of the remaining extract was stored at - 80 for the 

determination of the other metabolites at later stage. 

2. 6. 2. Detennination of metabolite concentrations. 

Arginine assay: Arginine concentrations were assayed from the PCA extract 

according to the method described by Gtide and Grieshaber, (1975). The composition 

of the reaction was 100 mM KH2P04 buffer pH 7.0; 0.2 mM NADH; 2.SmM 

pyruvate; 27 UfI OcDH. 

Arginine phosphate determination: As outlined by Gtide (in Bergmeyer et al. 1985), 

arginine phosphate was hydrolysed in order to obtain arginine. Neutralised PCA ( 0.1 

ml) extract was mixed with 0.1 ml of 1 M HCI and 0.2 ml H20, hydrolysed at 100 

°c for 90 seconds in a tightly sealed tube. Tubes were immediately chilled in ice and 

samples neutralised with 0.1 ml NaOH (1 M). The solution was assayed for arginine 

as above. The difference between the calculated amount of arginine phosphate plus 

arginine and the previously determined arginine gave the value for arginine phosphate. 

Determination of adenosine nucleotide: Concentrations of ATP, ADP and AMP were 

determined from the PCA extract. A TP concentration was assayed using the method 

of Trautschold et al. (1974) while ADP and AMP were assayed according to the 

method of Jaworek et al. (1974). The energy charge in the muscles was calculated 

from the data obtained for concentrations of adenosine nucleotides as AEC = [ A TP] + 

O.S[ADP] I [ATP] + [ADP] + [AMP] (Atkinson and Walton, 1967). 
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Glycogen determination: Glycogen was precipitated from an aliquot of the PCA 

extract with 5 ml ethanol, to which 200 III Na2S04 (saturated) was added. The mixture 

was kept at low temperature overnight and centrifuged at 10 000 g for 20 min at 4 0c. 
The precipitate was then re-dissolved in 1 ml distilled water and 25 III samples were 

analysed using the anthrone method ( Carroll et al., 1955). Absorbance was measured 

at 585 nrn using a Vitatron Universal photometer with glycogen (Sigma Co.) as 

standard. 

D-Iactate determination: D-lactate concentrations were determined (Bergmeyer and 

GraBl, 1984 Hi-om PCA extracts, the composition of the reaction mixture being 0.22 

mM glutamate buffer pH 9.5; 5 mM NAD+; 11.6 U I I glutamate pyruvate 

transminase (GPT); 27.3 U I 1. D-Iactate concentrations were calculated according to 

Lambert- Beer's law. 

Tauropine determination: Tauropine concentrations from the PCA extracts were 

determined according to the method described by Gade (1986). 

The composition of the reaction mixture was 0.22 mM glutamate buffer pH 9.5; 5 mM 

NAD+; 11 U I I GPT; 27.3 U I I TaDH;. Tauropine concentrations were calculated as 

above. 

2. 7. Oxygen consumption by Haliotis midae 

Oxygen analyser: Oxygen concentrations were measured using an Ametek S-3A 

oxygen analyser. A glass tube, filled with soda lime and silica gel, was connected with 

a rubber tube to the inlet of the sensor of the oxygen analyser. The other end was fitted 

with a groove to the Indo- Gem hydro dermic syringe. 

The flow arrangement as illustrated in Figure 4 draws the gas through the cell and 

flowmeter with its pump and needle valve. Oxygen partial pressure across the cell 

generates a DC voltage which feeds to the S-3A readout I control unit for processing 

and display on a digital panel meter 

]8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

MATERIALS and METHODS 
2. 

Sensor 

Sample 

j 

S-3A Readout / control 

CHAPTER 

Flowmeter Pump 

Recorder 

Fig. 4. Flow diagram of Arnetek S-3A Oxygen analyser showing the path of oxygen flow through the 
analyser. Oxygen concentration is displayed on the readout panel. 

Oxygen consumption measurements in air: Oxygen consumption by individual 

Haliotis midae was measured in a closed perspex respirometer (1500 ml) held in a 

temperature controlled room at 7°e and lQoe respectively. A perforated plastic plate 

at the bottom of the chamber supported the animal. The chamber was provided with a 

tight lid and a rubber tube connected to a hole into the chamber. Both were air tight. 

The chamber was then placed in a transport box and closed. Air was sampled from the 

chamber after 6, 12,24 and 36 hours using a 50 ml Indo-Gem, hydrodermic syringe. 

Air samples were passed through a rubber tube connected to a glass tube containing 

soda lime and silica to absorb carbon dioxide and water respectively before entering 

the oxygen sensor and analyser. Oxygen consumption was calculated as ml 02 g-l h- I 

wet weight. 

Oxygen consumption measurements in water: A flow-through perspex respirometer 

chamber (1500 ml) was fitted with a dissolved-oxygen probe and placed in a constant 
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temperature room at 7°C, and used to measure rate consumption. This 

consisted of an upper reservoir from which seawater at (7 via 

"' .. , ...... 'v'"''' of respirometer into a bottom reservoir from which seawater was U\,.UUU\;;U 

to The chamber, fitted with a probe, could be instantly 

from flowing seawater 

the exit-taps aILi:lCfteU 

valves on the inlet and outlet hoses, or 

seawater to 

circulation within it. 

The chamber was submerged in a tank of 

a magnetic stirrer below the tank ensured 

and epifaunal organisms, Haliotis midae 

was placed on a disc to Seawater was sieved of 

micro-organisms using a filter 0.54 !-Lm. The "'U<~'U'V"'L 10 minutes with 

air-saturated seawater before being shut to monitor "v'un~'n "" ... "".u."" oxygen 

probe was calibrated with the oxygen concentrations seawater as 

Winkler titration at 7 0c. 

opened and 

when oxygen tension fell to about 80% saturation, the lid was 

'"'u<.LLU'..., .... was flushed with air-saturated seawater before repeating the 

procedure. About ten individual were obtained and averaged. 

2. 8. Heart beat 

The heart beat of Haliotis midae was measured by a by Trueman 

(1967). A hole of 10 mm diameter was drilled through the shell over the ..,V,","UVI 

heart without touching the underlying tissues using a Dremel Motor-258-5 drilling 

lU<tl,..,,,,,,u,", as by et al. (1953). Fine silver-wire electrodes were 

through a hole so that they just touched the heart The 

electrodes were cOlme:cte:a to an impedance pneumograph (AC. coupling) 

and a by a light cable Changes 

in the impedance between the electrodes 

volume of the heart or from movements of the animal 

on the oscillograph . 

from 

.n.V':<1Vl1,", with implanted electrodes were kept in a 1.5 I tank 

in the. 

were recorded 

_""""",-t,.rt seawater 

allowed to equilibrate overnight at 7 °C before the <>v,,,"' .... ,""."' ... -t The were 


























































































































































