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Susumu Ishii, Waseda University, Tokyo, Japan

Endocrinological approaches to conservation biology using classic and modern techniques.

For captive and artificial breeding of the Japanese crested ibis or Toki, Nipponia nippon, we developed the following methods: non-invasive estimation of gonadal endocrine activity using fecal sex steroid analysis, hormonal treatments to induce ovarian development, ovulation and oviposition in the Japanese quail as a model bird and non-invasive sex identification of newly hatched chick of the ibis. A combination of clonic and acute administrations of crude chicken gonadotropin to female Japanese quail with completely regressed ovary could induce full process of the ovarian growth, ovulation and oviposition. Two of the oviposited eggs were incubated and two normal chicks hatched. One of them was a fertile male. However, chicken gonadotropin had minimal effect on the ovary of a related ibis species. We also conducted the genomic cloning of the follicle-stimulating hormone (FSH) beta subunit molecule gene and the common alpha subunit gene of the ibis. This information is indispensable to produce recombinant ibis hormone that is useful for artificial reproduction of the ibis. We found partial difference in the structure of the FSH beta gene and also the structure of mitochondrial DNA between Chinese individuals and Japanese individuals of the ibis. Relation of the Japanese and Chinese populations of the ibis will be discussed basing on these differences. In addition, when the last Japanese male of this ibis species died, we conducted isolation of living cells from the male preserved the living cells in liquid nitrogen for future use. The preserved cells may be used for artificial re-production of the Japanese bird using nuclear implantation technique to primordial germ cells. At the same time, tissues of almost all the organs of the bird was preserved in a frozen condition in liquid nitrogen. We are planning to provide the preserved material to qualified biologists for scientific study on Nipponia nippon.

Cynthia Carey, University of Colorado, Boulder

How Physiological Methods and Concepts Can Be Used in Conservation.

Conservation Biology is dedicated to the study of the causes of species declines and the determination of ways to save threatened species. However, identification of causal mechanism(s) is difficult when a number of environmental factors vary continuously and often independently. Organismal physiology can help conservation biology meet these challenges by contributing methods and standards by which cause and effect relations can be distinguished from correlative events.  Additionally, organismal physiology has traditionally studied mechanisms by which animals deal with environmental change: adjustments in tolerance limits, acclimation, behavioral shifts, etc. Two examples of the value of physiological methods and concepts to conservation biology will be taken from the phenomenon of amphibian population declines. Considerable debate has existed about what factors have caused amphibian population declines: habitat destruction, climate change, pathogens, introduction of predators/competitors, acid-rain, UVB, etc. Analysis of the potential effects of climate change on amphibian populations requires not only sophisticated, long-term climate monitoring but also knowledge of thermal and hydric tolerance limits, acclimatory abilities, and energetics of various amphibian species. Understanding of the effects of pathogens, like the chytrid fungus Batrachochytrium dendrobatidis, on the biology of amphibians and the potential roles of environmentally induced stresses on the vulnerability of amphibians to emerging pathogens has required a multidisciplinary approach using physiology, immunology, ecology, molecular biology, and population genetics.

John Wingfield, University of Washington, Seattle, WA

Field Endocrinology and Conservation Biology

Field endocrinology techniques allow the collection of samples (such as blood, urine, fecal, tissue etc.) from free-living animals for analysis of hormones, receptors, enzymes etc. These data reveal mechanisms by which individuals respond to environmental challenges, breed, migrate and regulate all aspects of their life cycles. Field endocrinology techniques can also be used to address many issues in conservation biology. We will briefly review past and current ways in which endocrine methods have been used to monitor threatened species, identify potential stressors and record responses to environmental disturbance. We will then focus on one important aspect of conservation: how free-living populations respond to human disturbance, particularly in relation to ecotourism. Breeding Magellanic penguins, Spheniscus magellanicus, appear to habituate well to a tourist trail through their breeding territories. Baseline levels of corticosterone return to normal after exposure of naïve birds to humans. However, penguin chicks appear to show a heightened adrenocortical response to handling stress in territories exposed to tourists compared with chicks from territories isolated from human intrusions. Given that developmental exposure to stress can have profound influences on how individuals cope with stress as adults, this potential effect of tourists on chicks could have long term consequences for the population. This field endocrine approach was able to identify a potential problem that would not have been easily detectable using non-invasive behavioral approaches.
Lou Guillette, University of Florida, Gainesville, FL

Aquatic Species in Ecosystems at Risk: Genomic Approaches for Assessing Normal and Abnormal Endocrine Responses.
There has been a dramatic increase in the data available on the genomic make-up of a number of species in the past decade. With the stimulus of the human genome project, techniques and technology has provided great advances in our ability to obtain genetic information from a wide range of species, and there are extensive databases for members of all vertebrate classes, with the exception of reptiles. Recent advances in our laboratories have begun to fill the gap in this information for reptiles. Given the amazing improvement in technologies for obtaining sequence information and the rapidly expanding technologies for their use, we have a research program that focuses on the development of new genomic and proteomic information and tools for a number of species in wetland ecosystems. These tools, such as microarrays, are being used in studies that examine organisms living in ecosystems at risk, such as most aquatic systems in Florida and the southeastern USA. The major focus of this project is to take these studies out of the laboratory and into real world situation examining non traditional species, such as alligators, mosquitofish, frogs and turtles. The tools developed would be of a design that would allow worldwide use and collaboration. Major questions currently being tested include studies of natural and contaminant altered sex determination and reproductive function in fishes and reptiles.

Louise Rollins-Smith, Vanderbilt Univ. Med. Center, Nashville, TN

Antimicrobial Peptide Defenses in Amphibian Skin.

The skin of amphibians is critical for fluid balance, respiration, and for transport of sodium and other essential ions. It also serves as a barrier to entry of pathogens. One of the natural defenses in the skin is production of antimicrobial peptides in granular glands of the dermal layer. Discharge of the granular glands is initiated by stimulation of sympathetic nerves. Thus, the immune defense of the skin must be intimately connected to other physiological responses. However, very little is known about how neuroendocrine regulation of other skin functions is integrated with production and release of antimicrobial peptides. In an effort to determine whether antimicrobial peptides play an important role in protection from invasive skin pathogens, we have studied the activity of more than 30 purified antimicrobial peptides from amphibians for growth inhibition of the chytrid fungus, Batrachochytrium dendrobatidis, which is associated with global amphibian declines. We have also studied the anti-chytrid activity of peptide mixtures recovered from the skin secretions of other amphibians. The picture that

emerges is that most species have one or more antimicrobial peptides with potent activity against the chytrid fungus. Further, there is a general trend to suggest that species with potent mixtures of peptides are more resistant to infection by chytrids than those with less active peptides. Thus, we conclude that antimicrobial peptides produced in the skin are an important defense against skin pathogens and do affect survival of populations. Because many species seem to have a reasonable defense against chytrids and yet suffer population declines that are associated with chytrid infections, it is likely that other factors such as temperature, conditions of hydration, “stress”, or pesticides may alter normal defenses and allow for uncontrolled infection. [Support NSF IBN-9977063; IBN-0131184; DEB-0213851]

Michael Baker, Univ. of California, San Diego 

Xenobiotics and the Evolution of Multicellular Animals.

Multicellular animals, which evolved about 700 to 1000 myr ago, contain many of the genes found in yeast and other protists. Important and necessary for the evolution of multicellular animals was the evolution of new pathways for intercellular signaling that regulated more complex physiological responses. We focus on the contribution to this process of lipophilic molecules that interact with nuclear receptors and the aryl hydrocarbon receptor. Members of both gene families are found in invertebrates and vertebrates. We propose that environmental chemicals have been an important influence on the evolution of multicellular animals by providing a selective pressure for the evolution of proteins that signal the presence of these chemicals in the environment and enzymes that detoxify these chemicals. In some cases xenobiotics were recruited as signals that regulated differentiation and development. Indeed, this cooption of xenobiotic swords into adaptive plowshare signals contributed to the diverse physiology found in multicellular animals.

Sam Wasser, University of Washington, Seattle, WA

Integrating Physiological and Genetic Approaches for Landscape Conservation.

Physiological studies can contribute greatly to conservation. However, the complexity of natural environments over space and time, coupled with the extent of land use and other disturbances facing wildlife, often demand a large-scale analysis that is atypical of many physiological studies. Specifically, the number of individuals and the area covered must be maximized to adequately partition impacts from the many pressures encountered by wildlife. My laboratory is addressing these needs by integrating non-invasive physiological and genetic approaches with a unique sample collection method. We use stress and reproductive hormones from scat to monitor physiological impacts of a variety of disturbances on wildlife. DNA acquired from these same samples allows us to ascertain the species, sex and individual identities, as well as determine species abundance and distributions of the animals that left the samples. The scale of these analyses is further broadened by the use of detection dogs, trained to find scat samples of multiple species over large landscape areas with high efficiency. Sample location is recorded using a GPS, and all data are layered onto a Geographic Information System to correlate species-specific abundance, distribution and physiological health measures with human disturbances over large landscape areas. Applications of this approach will be described for the study of large carnivores in the Americas.

Cathy Propper, Northern Arizona University, Flagstaff, AZ

Non-conventional Measures of Endocrine Disruption: From Orphan Nuclear Receptors to Pheromones.

Over the last decade, it has become clear that human-made compounds released into the environment are disrupting the endocrine systems of animals. Research has centered largely on direct steroidogenic or antisteroidogenic effects of these compounds with a recent focus on development of rapid in vitro assays targeting the estrogen receptor. A search of the literature confirms the attention placed on the estrogen and anti-estrogen-like aspects of endocrine disruption and/or on disruption of the reproductive system. Non-steroidal components of the hypothalamic-pituitary-end gland axes have received much less attention with regards to endocrine disruption research. Furthermore, aspects of endocrine physiology, such as the ability of animals to cope with stress or communicate chemically, have also received relatively less literature attention. In our lab, we have been studying less understood outcomes of endocrine disruption using amphibian models. In the red-spotted newt, we have found that a common pesticide disrupts pheromonal communication by both affecting pheromone production and the ability to detect pheromonal signals. In bullfrogs, we have found that exposure to a common industrial pollutant rapidly induces early sexual differentiation and changes production of steroidogenic factor 1 (SF-1), an orphan nuclear receptor important to sexual differentiation. The advantages of these and other in vivo models is that they facilitate the measurement of multiple disruption endpoints, and they allow development of hypotheses regarding fitness risks. Last, in vivo systems that measure multiple outcomes may be used to study the mixes of compounds that are found in the environment. Such in vivo tests may detect less well-understood forms of endocrine disruption.

Mickie Powell, Univ. of New Hampshire, Durham, NH

Reproductive Hormone Concentrations in the Atlantic Hagfish Myxine glutinosa.
Depletion of traditional fisheries stocks around the world has led to the development of nontraditional fisheries to replace lost income. The M. glutinosa has become the focus of a growing fishery in the North Atlantic. Currently fishermen and local agencies are attempting to draft a management proposal to maintain a sustainable fishery. A successful management plan requires an understanding of the growth and reproduction of the species. However, traditional stock assessment techniques cannot be applied to hagfish populations and even the most basic information on sex ratios and reproduction is not known.

The objectives of this research are to characterize gonad development and reproductive status over 18-months to gain insight into reproduction in M. glutinosa. Three size classes of hagfish were examined (small 20-35cm, medium 35-45cm, large 45-55+cm). Gonads were examined histologically to determine sex and developmental stage. Concentrations of steroids associated with reproductive activities (estradiol and progesterone) were measured in gonad tissue incubated with pregnenolone for 48 hr at 4°C. The small group contained females and immature hagfish; true males were rarely observed. However, hermaphrodites were frequently observed in the medium size class. Mature eggs were found only in the large size class. In the large and medium hagfish progesterone concentrations decreased over time between February and June 2002. Estradiol levels peaked in January suggesting the initiation of vitellogenesis and possibly the onset of reproductive activity. This study and earlier studies from this lab support the hypothesis that M. glutinosa has a reproductive cycle that must be considered in the formulation of a management strategy. Supported by UNH/UME NOAA Sea Grant R/FMD-168.

Milton Fingerman, Tulane University, New Orleans, LA.

A retrospective look at the development of ecotoxicology from Rachel Carson to the present.

The publication of Rachel Carson's Silent Spring in 1962 ushered in the beginning of a global awareness of the effects of environmental contaminants on both invertebrates and vertebrates. Since then the field of ecotoxicology, or environmental toxicology, has developed into one that involves studies of the biochemistry, physiology, endocrinology, reproduction, behavior, growth, and development of a wide array of animals. The studies in my laboratory have centered on the effects of heavy metals and organic pollutants on endocrine-mediated functions in crustaceans, particularly the red swamp crayfish and the fiddler crab. These substances were found to have negative effects on reproduction, molting, blood glucose levels, and pigmentary effectors. With the increasing awareness of the importance of ecotoxicology many talented investigators have been attracted to such studies, studies involving a wide range of organisms, including the human. I have witnessed the development of this field from the Rachel Carson years, and given the impressive talents of particularly the younger investigators entering the field, those of us who hope to see a cleaner environment have reason to be optimistic.

Enmin Zou, Nicholls State University, Thibodaux, LA

Impact of Xenobiotics on Crustacean Molting
Endocrine disruption by anthropogenic chemicals has been well documented for vertebrates, but has not been extensively studied for invertebrates except the imposex phenomenon in gastropods. Crustaceans are one of the larger animal groups. Concern has been expressed over the possibility that the same environmental agents that interfere with endocrine functions of vertebrates may also perturb hormonally regulated processes of crustaceans. My studies with Daphnia magna have shown that the estrogenic xenobiotics diethylstilbestrol (DES), endosulfan, Aroclor 1242, and diethyl phthalate, and the putative

estrogenic agent 2,4,5-trichlorobiphenyl (PCB29) inhibit molting of daphnids. To gain insight into the mechanisms for the inhibition of molting by these estrogenic agents, a larger crustacean model, the fiddler crab, Uca pugilator, was used. It was found that the delay of molting in the presence of these estrogenic xenobiotics can at least be partly accounted for by the inhibition of activity of chitobiase (also known as N-acetyl-&beta;-glucosaminidase) in the epidermis of Uca pugilator since this enzyme is essential for degradation of the old chitinous exoskeleton. Because activity of chitobiase is regulated by the molting hormone 20-hydroxyecdysone and none of the above chemicals are capable of inhibiting chitobiase activity in vitro, the inhibition of chitobiase activity in the presence of these xenobiotics strongly suggests that exposure to these compounds disturbs the Y-organ-ecdysteroid receptor axis in Uca pugilator.
Geoff Scott, NOAA/NOS, CCEHBR and HML, Charleston, SC

Agricultural and Urban NPS Runoff Effects on Grass Shrimp Population Life History Dynamics
The grass shrimp, Palaemonetes pugio, is the dominant pelagic macrofauna found in estuarine ecosystems of the southeastern Atlantic and Gulf coast of the US. Several watersheds in coastal SC have been monitored for grass shrimp population dynamics for > 15 years, including two agricultural watersheds, several urban sites and two reference sites. One agricultural site (TRT) is highly managed (IPM, BMPs and retention ponds) and the other site (KWA) is unmanaged and has changed land use from an agriculture to a golf course. Biomonitoring endpoints measured at each site include abundance, biomass, size-frequency, sex ratios and clutch size. Results indicated that grass shrimp abundance and biomass were adversely affected at agricultural sites following acute periods of significant pesticide runoff (endosulfan, fenvalerate & azinphosmehtyl). Management techniques employed at TRT agricultural site resulted in a healthier grass shrimp populations dynamics, with effects shifting from acute toxicity to more chronic effects (altered reproduction and sex ratio). The transition from agricultural areas to golf course did not result in improved grass shrimp population dynamics at KWA, rather reduced population abundances were noted. Reference site (CTL & NIOL) grass shrimp population dynamics varied annually, based on long term natural factors (temperature and rainfall). Results clearly indicate the importance of long term monitoring data in assessing contaminant effects on grass shrimp reproduction.

Chuck McKenney, Jr., USEPA, NHEERL, Gulf Ecology Division, Gulf Breeze, FL

The influence of insect juvenile hormone agonists on metamorphosis and reproduction in estuarine crustaceans.

Comparative developmental and reproductive studies were performed on several species of estuarine crustaceans in response to three juvenile hormone agonists (JHAs). Larval development of the grass shrimp, Palaemonetes pugio, was greater than two orders of magnitude more sensitive to disruption by JHAs than was embryonic development. For 2 JHAs, developing larvae of the mud crab, Rhithropanopeus harrisii, exhibited reduced metamorphic success at lower concentrations than grass shrimp larvae. These responses suggest that the more rigidly controlled metamorphic process in crabs is more sensitive to compounds acting as endocrine disruptors than is the more plastic metamorphic pattern in shrimp. The final crab larval stage, the megalopa, was more sensitive to JHA exposure than earlier zoeal stages. Mud crab larvae exposed to fenoxycarb had reduced biomass and lipid content, particularly triglycerides and sterols. Concentrations of fenoxycarb which reduced the reproductive capacity in single life-cycle exposures of the estuarine mysid, Americamysis bahia, were similar to those concentrations which inhibited metamorphosis in grass shrimp. Juvenile mysids released by exposed adults and reared through maturation without further exposure produced fewer young and had altered sex ratios (lower percentages of males) at lower parental-exposure concentrations than directly impacted parental reproduction. Since the endocrine glands responsible for regulating mysid sexual differentiation and reproduction develop during larval stages, these transgenerational responses may well be a product of irreversible effects during developmental exposures which become apparent following maturation and

initiation of reproduction.
Shea Tuberty, Appalachian State University, Boone, NC

Ecdysone responses of two estuarine crustaceans exposed through complete larval development to juvenile hormone agonist insecticides.
Fenoxycarb and pyriproxyfen are insecticides that gain their toxicity by specifically acting as insect juvenile hormone agonists (JHA), and so are endocrine disruptors by design and effectively prevent larvae from maturing into adults. Efforts to assess the environmental effects of JHAs on nontarget populations of invertebrates have resulted in the utilization of several established estuarine crustacean models. Gravid female grass shrimp (Palaemonetes pugio) and mud crabs (Rhithropanopeus harrisii), species with different developmental plasticity, were collected and held at wet lab conditions (20 ppt salinity, 25 ºC) until larval release. Larvae were collected <12hrs after hatch and exposed to JHAs during a static renewal test through end of development in dishes with seawater or nominal concentrations of JHA shown previously to induce significant developmental delays and/or decreased body wts.  (ie, 10 µg/L pyriproxyfen; crabs 100 µg/L fenoxycarb, shrimp 50 µg/L fenoxycarb).  Samples were collected from stages of development and tested for steroid perturbations as determined by an ecdysone (Ec) competitive enzyme immunoassay (EIA). Larvae were subsampled (10 larvae/sample, n=2 to 8) at each developmental stage, lyophilized, and Ec extracted by homogenization in 80% methanol and elution from C18 cartridges with 25%, 60% and 100% methanol to capture the polar, free, and apolar conjugates, respectively.  As was expected a significant difference in survival, delayed development stages, and total time to completion of development was seen in these crustaceans. These physiological endpoints will be linked with perturbations in Ec titers and reported as pg Ec/µg dry wt.

Sandy Raimondo, USEPA, NHEERL, Gulf Ecology Division, Gulf Breeze, FL

Population-level response of the mysid, Americamysis bahia, to varying thiobencarb concentrations based on age-structured population models.

To fully understand the potential long-term ecological impacts a pollutant has on a species, population-level effects must be estimated. Since long-term field experiments are typically not feasible, vital rates such as survival, growth, and reproduction of individual organisms are measured in life table response experiments (LTRE) and employed to extrapolate effects of a pollutant on the population. The population-level response of the mysid, Americamysis bahia, to varying concentrations of thiobencarb, a thiocarbamate herbicide suspected to interfere with juvenile hormone activity, was modeled using age-structured population models. Models were parameterized from the results of a LTRE conducted throughout the entire mysid life cycle. A density independent matrix model with time invariant demographic parameters was first developed to measure the change in population growth rate, &lambda, with change in thiobencarb concentration. Density dependence was then added to develop a second model that measured the effect of varying thiobencarb concentration on the population equilibrium size, Ne. A decrease in both &lambda; and Ne occurred with increasing thiobencarb concentration in the density independent and density dependent models, respectively, and populations in both models decreased toward extinction with thiobencarb concentrations nearing 300 µg/L. Sensitivity and decomposition analyses determined that reductions in fecundity was the primary influence on the observed decreases in &lambda; and Ne. The models demonstrate a non-linear relationship between thiobencarb concentration and population parameters that aid in projecting the response of mysid populations to varying thiobencarb concentrations.

Peter deFur, Virginia Commonwealth University, Richmond, VA

Importance of Invertebrate Models for EDC's in the Field.
The topic of endocrine disrupting chemicals (EDC) has become a central topic in research and for environmental programs around the world during the last decade. Most of the work on EDC’s has been devoted to vertebrates, partly from concern over human health threats from widespread exposures. Other vertebrates have received substantially less attention; invertebrates have been all but ignored. The phenomenon of endocrine disruption in invertebrates has been known and described for more than three decades. Additionally, invertebrates have been used as model test systems for detecting environmental contaminants for many decades, principally in soil and water. EDC’s are best known in invertebrates as pesticides that act on juvenile hormone systems of insects and, to a lesser extent, on molting hormones. Insecticides that act as EDC’s were first developed thirty years ago as juvenile hormone disruptors. These same chemicals are also known to act on crustaceans, owing to the similarity of the hormone systems in insects and crustaceans. Field and lab studies indicate that gastropods are susceptible to several types of EDC’s. The best known gastropod EDC is the antifouling biocide tributyltin (TBT) used in ship hull treatments. TBT alters normal sexual development with impacts on populations in the field, described around the world on more than 135 species. Recent work on polychaetes indicates that this group is also sensitive to some known EDC’s. This great diversity of biological systems of invertebrates makes them ideal for monitoring EDC’s in field assessments in a range of habitats and conditions.

Michael Horst, School of Medicine, Mercer University, Macon, GA

Acute Effects of Methoprene on Survival, Cuticular Morphogenesis and Shell Biosynthesis in the American Lobster, Homarus americanus.

The acute effects of methoprene on various life stages of the lobster are being investigated in five areas: bioaccumulation, exposure/survival studies, cytopathology/TEM studies, metabolic incorporation studies and SDS-PAGE analysis. After exposure of adult intermolt lobsters to field level concentrations of methoprene (25 ppb/ 24 h), tissue levels of methoprene were determined by GC-MS. The highest accumulation of methoprene was observed in epithelium, gonads and hepatopancreas (6.17 to 3.97 ppm), up to 250-fold concentration of the pesticide.seawater. We find that adult intermolt lobsters bioaccumulate methoprene in specific tissues. Metabolic studies involved exposure of intermolt juvenile lobsters to 10 ppb methoprene (18 h), injection with 35S Translabel, and incubation for 24 h. We observed 90% reduction in the hepatopancreas, 50% reduction in gills, and no effect in muscle. Thus, methoprene causes tissue specific decrease in protein synthesis in juvenile lobsters. The 72 h LC50 for methoprene was 2 ppb in stage II larvae. In vitro metabolic studies with 35S Translabel indicate that even at very low levels, methoprene may cause a block in the exocytosis and/or crosslinking of 3H GlcN labeled precursors into the nacent cuticle. We have analyzed fractions solubilized from control and methoprene treated shell by SDS-PAGE. The gels have then been examined by total protein staining and by Western blots probed with tomato lectin, or antibodies to stress proteins (HSPs). Our results indicate that methoprene alters the synthesis, secretion and/or incorporation of chitoproteins and HSPs in the postmolt lobster.
Tom Wilson, Ohio State University, Columbus OH

Response of Drosophila melanogaster to insect growth regulator insecticides.

Although Drosophila melanogaster is not a pest insect, studies of field populations demonstrate that this insect responds to insecticide usage by evolving resistance. We have studied resistance to the insect growth regulator insecticide methoprene in these flies to understand the genetic basis for resistance. Mutants of the Methoprene-tolerant (Met) gene show resistance to both juvenile hormone (JH) and methoprene. Our previous biochemical studies have demonstrated a mechanism of resistance involving an intracellular JH binding protein with reduced ligand affinity, suggesting that Met is a component of a JH receptor. Met expression results in two transcripts, whose levels were reduced in several Met alleles, including a null, Met27. The phenotype of Met27 is obvious only as reduced oogenesis, a juvenile hormone-controlled process, suggesting genetic redundancy. Overexpression of Met+ results in increased sensitivity to methoprene, but no other obvious phenotype. Antibody specific for MET localized it in the nuclei of cells of various tissues in all stages of development. Some of these tissues are demonstrated JH target tissues (male accessory gland; ovary), while others are not (early embryo). Sequence analysis showed Met to be a member of the bHLH-PAS family of transcriptional regulators. Met cloned from D. virilis and the mosquito Anopheles gambiae show conservation of bHLH and PAS domains as well as two other gene regions with unknown function.

Koji Arizono,  Prefectural University Kumamoto, Japan

The occurrence of intersex in Japanese freshwater crab.

Tributylin (TBT)-induced imposex phenomena have been reported only in mollusks. Our findings reveal that imposex is not a phenomenon exclusive to mollusks. The imposex phenomenon has been found to occur in a common Japanese freshwater crab, Geothelphusa dehaani, which inhabits TBT-uncontaminated mountain streams in Japan. In addition, the imposex of G. dehaani occurred not only in females but also in males (dual-gender imposex): either female genital opening (gonopore) or a single ovary occurred in male crabs. However, the definitive causal factors and mechanics relating to the occurrence of imposex are still unclear.

Matthew Sanders, University of Plymouth, United Kingdom

Vitellin-like proteins in larval Crustacea: potential biomarkers of xeno-oestrogen exposure.

While the ability of xeno-oestrogens, like 4-n-nonylphenol (4-NP), to disrupt the natural hormonal systems of aquatic vertebrates is well known, evidence for comparable endocrine disrupting effects in decapod crustaceans, particularly during their larval development, remains scarce. In this investigation, a polyclonal antiserum raised against an apolipovitellin purified from the mature ovaries of the intertidal prawn, Palaemon elegans, was found to be immunoreactive with a 86 kDa polypeptide (IRP) present in all the larval and early postlarval stages. An indirect ELISA technique, developed to quantify the levels of the immunoreactive proteins present in the soluble protein fraction of homogenates of P. elegans larvae, found the quantity of the IRP varied between 0.47-0.67 ng µl-1 depending on stage. Exposure of P. elegans larvae to 4-NP at the environmentally realistic concentrations of 0.2-20 µg L-1, resulted in a significant, concentration independent, increase in IRP levels of 13-18%. Conversely, exposure to comparable concentrations of the natural oestrogen, 17&beta;-oestradiol (E2), significantly reduced IRP levels by up to 11% in a similar concentration independent manner. Significant fluctuations in IRP levels were correlated with exposure to 4-NP and E2. However, with the exception of a slight reduction in the survival of larvae exposed to 4-NP at 2 µg L-1, neither 4-NP nor E2 had any significant effect on the development, growth or survival of P. elegans larvae.

Ernie Chang University of California, Bodega Marine Laboratory, Bodega Bay, CA

The Hormones Regulating Crustacean Growth, Metabolism, and Reproduction: Multiple Targets for Endocrine Disruption.

Crustaceans are ideal model organisms for the study of endocrine disruption and stress physiology in aquatic invertebrates. This is due to their ecological and economic importance and to the relatively extensive amount of research that has been conducted in the field of crustacean endocrinology. It is also due to the physiology of this group of organisms, especially the processes of growth (molting), metabolic regulation, and reproduction. Crustaceans rely upon their endocrine systems to constantly deal with the problems associated with these processes. I will present a brief overview of some of the hormones relevant to this symposium and then discuss areas where the disruption of endocrine systems have been documented or are likely to be affected by exogenous chemicals.

Ian Callard, Boston University, Boston, MA

 Caenorhabitis elegans and Elliptio complanata: steroid responses and potential steroid response pathways.
In order to gain basic understanding of the reproductive and developmental effects of endocrine disrupters in invertebrates, we are currently using two different invertebrate taxa: the nematode worm (C. elegans) and the fresh water mussel (E.complanata) as animal models. C. elegans is particularly advantageous for these studies based on a significant literature in biomonitoring , knowledge of its genome and the possibility to use DNA microarrays. Although a significant body of knowledge exists indicating a steroidogenic pathway similar to that of vertebrates in the mollusca, estradiol has not been definitively identified, nor have steroid receptors with homology to those of vertebrates been identified yet in invertebrates. In this regard, this paper addresses two basic relevant questions: is vitellogenin a biomarker of estrogenic action in invertebrates; and what type of receptor mediates the steroid response? Using western blot analysis, we will describe vitellogenin responses to steroids and heavy metals in C. elegans, as well as microarray data from the same studies, and discuss the data with regard to potential orphan nuclear receptors. Using E. complanata, we will describe changes in vitellogenin during natural conditions and after estradiol treatments. In addition, the presence and tissue distribution of estrogen receptor like proteins in the freshwater mollusk will be assessed by western blot analysis using a polyclonal antibody that targets the amino acid terminus of human ERb. The data will be reviewed in the context of endocrine disrupting chemical (EDC) effects in vertebrates and invertebrates in the aquatic environment. Supported by NIH ES 07381 to IPC and a Postdoctoral Fellowship from Spanish Government to AN.

Eva Oberdörster, Southern Methodist University, Dallas, TX

Expression of the peptide hormone APGWamide in imposex and normal snails: A neurotoxicity mechanism for imposex induction.

The environmental contaminant tributyltin (TBT), induces female neogastropods to grow male accessory sex organs. This condition is termed imposex, and has been shown in numerous species world wide. Although the initial focus for the mechanism of this condition was on the steroid hormone system, it has become clear that a neuroendocrine pathway is involved in inducing imposex. We have shown that an exogenously administered peptide hormone, APGWamide, induces imposex in mud snail, Ilyanassa obsoleta. Others have since shown that APGWamide is effective in imposex induction in other gastropod species. In this study, we examined endogenous APGWamide levels in imposex snails or TBT-exposed snails. Snails from a relatively pristine area were injected S.Q. with either 20 ng TBT, 500 ng testosterone (T), or vehicle(EtOH) controls. In addition, snails were caged for three months in a site which historically has 100% imposex females and males without regressing sex organs. Endogenous APGWamide immuno-reactivity was measured in snail body homogenates via Western blotting and ELISA and compared to purified APGWamide standard. Control males had significantly higher APGWamide levels than control females, and all TBT-treated animals, whether male, female, or imposex, had elevated levels of APGWamide. In T treated animals, APGWamide levels were identical to the corresponding vehicle controls. Since extremely high doses of T can induce imposex, but APGWamide levels are not elevated, it is possible that T interferes with a downstream signaling event. For the transferred animals, males, normal females and imposex females had significantly elevated levels of APGWamide. This research was funded by an EPA STAR grant #R827401-01.
Gerald LeBlanc, North Carolina State University, Raleigh, NC

Testosterone-Fatty Acid Esterification: A Unique Target for the Endocrine Toxicity of Tributyltin to Gastropods.

Contamination of the marine environment with tributyltin (TBT) has caused a global occurrence of endocrine toxicity – imposex - whereby female gastropods express male sex traits. Imposex has been causally associated with increased testosterone levels. We have previously demonstrated that free testosterone levels are regulated in the mud snail (Ilyanassa obsoleta) by esterification of excess hormone to fatty acid. We also have demonstrated that exposure to TBT causes a decrease in testosterone-fatty acid ester levels with a commensurate increase in free testosterone. In the present study, we demonstrate that acyl coenzyme A:testosterone acyltransferase (ATAT), the enzyme responsible for the esterification of testosterone, functions as a low affinity/high capacity enzyme to regulate free testosterone levels over a wide range of testosterone concentrations. ATAT activity is coordinated with the reproductive cycle of the snails causing seasonal differences in free testosterone levels between sexes. TBT does not directly inhibit ATAT activity at concentrations shown to elevate testosterone and cause imposex. Experiments are underway to define the precise mechanism by which TBT alters the ratio of free:esterified testosterone in snails. Testosterone is not currently known to function as a hormone in gastropods. Thus, experiments are being performed to establish whether mud snails possess an androgen receptor. Schatchard analyses has revealed the presence of high affinity (Kd=0.7 nM) testosterone binding activity. Future analyses will include screening the snail genome using PCR to identify and characterize androgen receptor-like gene sequences.

Kevin Krajiniak, Southern Illinois University Edwardsville, IL

A survey of invertebrate FMRFamide-Related Peptides: Annelid Endocrine Disruptors.

The FMRFamide-related peptides (FaRPs) are a group of neuropeptides that share a similar amino acid sequence. The first member of this family was the tetrapeptide FMRFamide, which was isolated from the ganglia of the clam, Macrocallista nimbosa, by Price and Greenberg in 1977. Its name was derived from the single letter abbreviations for the amino acids in the sequence and the fact that it was amidated at the C-terminus. Since then researchers have used antibodies to FMRFamide to identify a large number of FaRPs from many of the invertebrate phyla. More peptides have been predicted by screening cDNA libraries with sequences based on amino acid composition of FMRFamide. FaRPs have a variety of functions in invertebrates and can act as either neurotransmitters, neuromodulators, or neurohormones. Each function is both species and tissue specific. Studies of the FaRP receptor show that most are linked to a second messenger system, however at least one receptor is a chemically gated sodium channel. On going studies are examining these peptides from the molecular level to the level of the whole animal. Like the study of neuropeptides there is now a growing body of literature elucidating the actions of endocrine disruptors in invertebrates. In annelids it has been shown that endocrine disruptors can accumulate in both polychaete and oligochaete worms. These pollutants had many effects on these annelids. For example tri-–butyltin, the active ingredient in marine antifouling paints, was genotoxic, cytotoxic, and had developmental effects on the polychaete Platynereis dumerilii, while the polychlorinated biphenyl, Aroclor, suppressed phagocytosis in the coelomocytes of two different species of earthworms. The development of annelid assays like the earthworm coelomocyte assay will allow for screening of many more suspected endocrine disruptors and shed light on their biological activity.

Carsten Muller, Cardiff University, Cardiff, UK 

Pheromonal communication in Nereids and the likely intervention by petroleum derived pollutants.
Nereis succinea and Platynereis dumerilii (Annelida, Polychaeta) are broadcast spawners and reproduce semelparously. The co-ordination of the final events in reproduction, swarming and spawning, is achieved by well-characterized waterborne sex pheromones. Following an investigation into the effects of the water-soluble fraction of crude oil on the swarming behaviour of Nereids, the volatile fraction (C9 – C16) of EKO FISK crude oil was found to interfere with the pheromonal communication inducing release of gametes in male specimen at levels < 0.3 ppm. Subsequent bioassay-guided analysis of the

 oil using vacuum distillation, column chromatography, preparative GC and GC-MS analysis showed that C5-alkylated benzenes were most potent in inducing sperm release. After LC and GC separation n-butyl-4-methylbenzene and 1,4-diethyl-2-methylbenzene were found to induce release of gametes at concentrations <4 nM. Structure and activity of three tentatively identified active isomers (ethyl-4-propylbenzene, 1,2 diethyl-3-methylbenzene and 2,4-dimethyl-1-propylbenzene) were not completely confirmed. Oil fractions rich in higher boiling components showed a tendency to block pheromone reception or to narcotise and intoxicate animals. These effects were induced partly by napthalenes at levels down to approx. 320 nM but were, in the original mixtures, modified or compensated by the presence of gamete release inducing alkylated benzenes. Other highly paralysing substances remained elusive. The detected activity thresholds for inducing release of gametes are lower than of those reported for natural pheromones (nereithione: 60 nM, uric acid: 600 nM) but higher than background levels of aromatic compounds of 0.05 nM and below.

Ann Tarrant, Woods Hole Oceanographic Institution

Effects of Estrogens on Reef-building Corals: Comparisons with Vertebrates.

The vertebrate endocrine system is well-characterized, with many reports of disruption by environmental chemicals. In contrast, reef-building corals are less compartmentalized, physiological regulation is poorly understood, and the potential for disruption is unknown. While endocrine-like activity has not been systematically studied in corals, several classical vertebrate hormones (e.g., steroids, iodinated organic compounds, neuropeptides, and indoleamines) occur in cnidarians. A cascade of signals comparable to the vertebrate hypothalamic-pituitary-gonadal axis has not been identified in cnidarians, but compounds similar to several components of this pathway have been identified including putative GnRHs and vertebrate-like sex steroids. Specifically, estrogens are present in coral tissue, released during spawning and can affect coral growth and reproduction. The role of estrogens in cnidarians has not been demonstrated, but estrogens are hypothesized to act as hormones or pheromones

to regulate coral gametogenesis and/or spawning. If estrogens do play a role in coral reproduction, then natural or synthetic estrogens may accumulate in tissues and affect reproductive processes. More research is needed to explain the mechanism of estrogen action in corals. Several nuclear receptor genes have been identified in corals, but cnidarians contain no known orthologs of vertebrate estrogen receptors; thus other potential signaling pathways need to be investigated. Elucidation of coral regulatory pathways will provide insight into evolution of hormonal signaling. These studies will also improve understanding of how cnidarians respond to environmental cues and will provide a basis to investigate disruption of physiological processes by physical and chemical stressors.

Jennifer Fox,  University of Oregon, Eugene, OR

Non-traditional target of endocrine disrupting chemicals: the roots of hormone signaling.

Communication on a cellular level, defined by chemical signaling, sensing, and response, is an essential and universal component of all living organisms and the framework that unites all ecosystems. Evolutionarily conserved signaling “webs”, existing both within an organism and between organisms, rely on efficient and accurate interpretation of chemical signals by receptors. Therefore, endocrine disrupting chemicals (EDCs), which have been shown to disrupt hormone signaling in laboratory animals and exposed wildlife, may have broader implications for disrupting signaling webs that have yet to be identified as possible targets. Here we explore common themes of chemical signaling, for example estrogen signaling in vertebrates and phytoestrogen signaling from plants to symbiotic soil bacteria, and show that such signaling systems are targets of disruption by EDCs. Recent evolutionary phylogenetic data has shown that the estrogen receptor (ER) is the ancestral receptor from which all other steroid receptors have evolved. ERs bind phytoestrogens, an ability shared with nodulation D (NodD) receptors found in rhizobium soil bacteria. Hormone signaling to both receptors results in transcription of responsive genes regulating differentiation and development. We have found that many of the same synthetic and natural environmental chemicals that disrupt endocrine signaling in vertebrates also disrupt phytoestrogen-NodD receptor signaling in soil bacteria. Therefore, we propose that these evolutionarily distant species rely on analogous signaling systems for chemical communication. In addition, since chemical signaling is a common means of communication for countless species, we propose that other species, hitherto unrecognized as possible targets, may be vulnerable to EDCs found in the environment.
