

ASPECTS OF THE WORK OF DR ROBERT ENDEAN (1925-1997):
AUSTRALIAN MARINE BIOLOGIST AND TOXINOLOGIST

Robert Endean, commonly known as Bob, was born in December 1925 at Abermain in the western coalfields of New South Wales where his father was a mine surveyor. Bob won a scholarship to a college of the University of Sydney, and in 1948 graduated with First Class Honours in Zoology and a University Medal for outstanding work. His supervisor for his MSc was the noted marine biologist Professor William Dakin. In 1950 Bob Endean was appointed Assistant Lecturer in the Department of Zoology, University of Queensland, and in 1964 he became Reader in Marine Zoology.
   FIRST SLIDE. One of Endean's earliest studies on venomous marine animals concerned the stonefish (Synanceja trachynis) which he is admiring here with Ann Cameron. Bob's interest ranged from the stonefish's distribution, and habitat, to how the venom apparatus and secretory process worked. In 1961 he reported that a holocrine secretion containing gland cells and proteinaceous granules was emitted when the sharp dorsal spines penetrated a barrier to a certain depth, experimentally the barrier was a rubber sheet, but in nature the victim's flesh. Ann Cameron collaborated with Bob Endean in further work in this field; she became his scientific partner and partner in life. 
  SECOND SLIDE. Endean became attracted to a study of the venomous Conidae. This is the second plate of cone species illustrated in Linnaeus' book Systema Natura published in 1758. In 1956 Alan Kohn observed that certain cone snails such as Conus striatus preyed on live fish for food. In 1960 Kohn, Saunders and Wiener published the first paper on a cone venom, and showed that venom from the large fish-eating Conus geographus produced respiratory paralysis when injected into mice. In 1962 Whyte and Endean demonstrated that geographer venom had a direct action on isolated respiratory muscle producing flaccid paralysis. Endean and Rudkin then examined the crude venom from 36 other species of Conidae confirming that only the piscivorous species were potentially dangerous to man. Amongst the piscivorus species investigated were four on this plate: C. magus (no 25 for those who can see the numbers), C. stercusmuscarium (35), C. striatus (36) and C. tulipa (38). Endean and Rudkin observed that different symptoms were apparent when these venoms were injected into mice: that from C. sternusmuscarium produced flaccid paralysis, that from the magus cone produced spastic paralysis, that from the tulip cone hyperexcitability followed by coma, and venom from some specimens of the striated cone induced flaccid paralysis and venom from other specimens spastic paralysis. This was the first indication of the multiplicity of toxins present in crude cone venoms. In 1974 Endean, Parish and Gyr reported that geographer venom blocked contraction of isolated skeletal muscle when it was electrically stimulated but not when the muscle was depolarized by potassium ions. This and other findings suggested that the crude venom blocked voltage-dependent sodium channels, yet conduction of action potentials in the sciatic nerve was unaffected. This report was the first indication of the high specificity of action of :-conotoxin. Endean and coworkers also showed that crude magus venom had a direct excitatory action on skeletal and smooth muscles, increased the strength of contraction of cardiac muscle, and induced spontaneous activity in motor nerves. They suggested that magus cone venom increased the conductance of voltage-dependent sodium channels. Striated cone venom had somewhat similar properties though with differences that suggested an increased conductance of voltage-dependent calcium channels.
  SLIDE 3. Alan Kohn first described the cone venom apparatus shown here with its tubular venom glands, muscular venom bulb and barbed tooth. Endean was puzzled by the finding that venom extracted from the anterior end of the gland near the pharynx was weaker than that extracted from the posterior end near the bulb, and in the case of striated cones, venom from the two regions could even produce different toxic signs. Histological examination showed that proteinaceous granules were present in vacuoles lying within the syncytial lining of the duct. The granules or venom bodies were small in the anterior end and became larger and enclosed within a sheath at the posterior end. Endean postulated that venom which was injected into prey contained mature granules from the posterior region.
  SLIDE 4. Another major area of enquiry was envenoming by nematocysts from the cubomedusan Chironex fleckeri or box jellyfish. Endean devised a method of isolating undischarged nematocysts free of tentacle material using ice-cold conditions. A saline extract of these nematocysts was lethal to mice on intravenous injection, and in vitro produced sustained contracture and paralysis of the three types of mammalian muscle as well as barnacle muscle. 
  SLIDE 5. Three types of undischarged nematocysts are illustrated in these phase contrast micrographs. The uppermost type are microbasic mastigophores which discharge long spiny tubules; Endean and Rifkin showed that only extracts from this group produced the typical toxic effects on muscle. In 1987 Endean isolated two high molecular weight proteins, myotoxins T1 and T2 from mastigophores and these he considered were the principal toxins of envenoming. Later studies suggested that T1 and T2 were composed of aggregations of subunits.
  SLIDE 6. Bob Endean led an active research group. In 1983 at the 7th World Congress of the IST held in Brisbane which Bob co-organized, he and his group gave papers on toxic material from a species of crab, ciguatoxin-like material from Spanish mackerel, envenoming by box jellyfish nematocysts, and toxins in coral reef organisms. Here Endean explored the role of toxins in the ecology of reef communities as in competition between species for space, and in predation and defence.
  SLIDE 7. In 1963 Jack Barnes, physician and naturalist in Cairns spoke to Bob Endean about the growing number of toxic crown-of-thorns starfish (Acanthaster planci) which were appearing on the reefs surrounding Green Island. Contact with their spines produced intense pain and other toxic symptoms. Endean, who was also chairman of the Great Barrier Reef Research Committee, realized that a population explosion of this specialized coral-eating echinoderm posed a real ecological threat. Certainly by 1966, large areas of hard coral cover had been laid bare. Endean believed that human activity was responsible for this grave imbalance because of loss of the starfish's natural predators. In particular, the loss of the giant triton (Charonia triton) which had been overcollected, and the large reef fish, the groper (Promicops lanceolatus) which had been excessively speared by scuba divers. He sounded the alarm, and when he considered that insufficient attention was being given to what he believed was essential for the survival of the Great Barrier Reef, he brought the attention of the public to the issues. In 1975 the Queensland and Commonwealth Governments passed legislation to establish the Great Barrier Reef as a marine park, and founded the Australian Institute of Marine Science for research into the complexities of marine ecology.
   SLIDE 8. The Queensland government put up this notice on Green Island when tens of thousands of crown-of-thorns starfish were feeding on the reefs during the second massive outbreak (1979 to 1982). [Bob Endean is shown here with Peter James, author and environmentalist].
  In October 1997 Bob Endean suffered a severe heart attack at the Marine Research Laboratory on Heron Island and died shortly afterwards. Bob had a forthright personality and rejected anything tainted of humbug, he was also given to non-academic pranks. Roger Bradbury later commented that "with the blood of Basque, Cornish and Yorkshire miners flowing in his veins, Bob's nature was never in doubt". Bob Endean will be remembered as an outstanding marine biologist and toxinologist, but also as a man "who was strong and visionary- someone who was prepared to stand out from the crowd and defend his beliefs".  
