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THE MOUNT DESERT ISLAND BIOLOGICAL LABORATORY

RESEARCH AND EDUCATION IN THE BIOLOGY OF MARINE ANIMALS

INTRODUCTION

HISTORY AND ORGANIZATION
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The Mount Desert Island Biological Laboratory is owned and operated by the Board of Trustees 
and Members of the Corporation; at present, there are 430 members. Officers of the Corporation - 
Chair, Vice-Chair, Director, Secretary, Treasurer, Clerk - and an Executive Committee are elected 
from among the Trustees. The Chair and Executive Committee oversee and promote long range 
goals of the Laboratory. The Director, with the aid of a full-time Administrative Director, staff and 
a Scientific Advisory Committee is responsible for implementing the scientific, educational and 
public service activities of the Laboratory.

The Laboratory is among the oldest cold water research facilities in the Eastern United States, and 
its unique site provides an outstanding environment for studying the physiology of marine and 
freshwater flora and fauna. During 2002, the scientific personnel included 86 doctoral level 
scientists (including 59 Investigators), plus 101 students, and technical staff, representing 88 
institutions in 25 states, Australia, Europe, and South America.

The Mount Desert Island Biological Laboratory (MDIBL) is an independent, non-profit marine and 
biomedical research facility and international center for comparative physiology, toxicology and 
marine functional genomic studies. The Laboratory is located on the north shore of Mount Desert 
Island, overlooking the gulf of Maine about 120 miles northeast of the Portland near the mouth of 
the Bay of Fundy. The island, well known for Acadia National Park, provides a variety of habitats 
including shallow and deep saltwater, a broad intertidal zone, saltwater and freshwater marshes, 
freshwater lakes and streams, forests and meadows.

MDIBL was founded in 1898 at South Harpswell, Maine by J.S. Kingsley of Tufts University. Its 
present site at Salisbury Cove was donated by the Wild Gardens of Acadia, and relocation was 
completed in 1921. The Wild Gardens of Acadia, a land-holding group headed by George B. Dorr 
and John D. Rockefeller, Jr., who was instrumental in the founding of Acadia National Park.

In 1914, the Laboratory was incorporated under the laws of the State of Maine as a non-profit 
scientific and educational institution. Founded as a teaching laboratory, MDIBL is now a center for 
marine research and education that attracts investigators and students from across the U.S. and 
around the world. Since the pioneering work of H.W. Smith, E.K. Marshall and Roy P. Forster on 
various aspects of renal and osmoregulatory physiology of local fauna, the Laboratory has become 
known worldwide as a center for investigations in electrolyte and transport physiology, 
developmental biology, electrophysiology and marine molecular biology.



NIEHS CENTER FOR MEMBRANE TOXICITY STUDIES
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Facilities Cores: The Center provides for five facility cores for Center investigators. These 
include:

Research Cores: The Center consists of two highly integrated research cores or themes consisting 
of:

• Signal Transduction and Ion Transport
• Xenobiotic Transport and Excretion

Investigators in the Signal Transduction and Ion Transport Core are examining the basic 
mechanisms concerning the cell's signaling response to changes in its external environment, 
particularly as related to environmental stress, heavy metal exposure, marine toxins and 
environmental estrogens. These signaling pathways often involve mechanisms of homeostasis of 
ion transport, pH and cell volume regulation. Investigators in the Core are interested in determining 
the fundamental mechanisms by which cells regulate their cell volume, maintain internal pH and 
secretory functions and how these processes are disturbed by environmental influences. 
Investigators in the Xenobiotic Transport and Excretion Core are examining the processes that are 
used by various epithelial tissues such as the liver and kidney to take up and excrete drugs and 
xenobiotics and other toxic compounds that enter from the environment and to study the effects of 
toxicants on this process. Investigators in this Core also interact with investigators working in the 
signal Transduction and Ion Transport Core.

The focus of the research programs of the Center has broadened in the last several years from the 
more narrow objective of identifying the molecular targets for the effects of heavy metals (or metal 
compounds) on cell functions, to include the effects of a broader range of environmental toxicants 
(including marine toxins) and the mechanisms by which the organism takes up and eliminates a 
wide range of xenobiotics and environmental pollutants. However, the concept that a "membrane 
lesion" accounts for the cellular toxicity of many environmental toxins still remains as a paradigm.

• an Animal Core that is responsible for the acquisition, and maintenance of the many marine 
species available to investigators at this Center;

• an Instrumentation Core that maintains the basic laboratory equipment that investigators would 
not otherwise be able to easily bring to the laboratory (a fully equipped cell culture and molecular 
biology facility is part of this core, as well as equipment for basic electrophysiologic measurements 
and an oocyte injection facility);

• a Cell Isolation, Culture and Organ Perfusion Core that provides isolated cells and tissues from 
marine species to Center investigators;

• an Imaging Core that maintains and operates a confocal fluorescent microscope as well as 
providing other imaging technology including epifluorescence and video-enhanced microscopy;

• A Bioinformatics Core that is the site of development of a national Comparative 
Toxicogenomics Database and webpage design. This core incorporates molecular data on marine 
sequences with a highly annotated database and provides comparative information with human 
genes of toxicologic interest.

The Center for Membrane Toxicity Studies (CMTS), an NIEHS Marine and Freshwater 
Biomedical Sciences Center was established at the Mount Desert Island Biological Laboratory 
(MD1BL) in 1985. The purpose of this Center has been to involve a group of internationally 
recognized investigators, who are primarily experts in mechanisms of epithelial transport, to study 
the biological effects of environmental pollutants on cell and membrane transport functions. The 
primary emphasis of this research effort has been to elucidate the mechanisms of toxicity of 
environmental pollutants at the cellular and molecular level, using novel aquatic models developed at 
this laboratory.
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Michael McKeman 
Director of Education and Conferences 

mmckeman@mdibl.org

Dr. Patricia H. Hand 
Administrative Director

Mount Desert Island Biological Laboratory 
P.O. Box 35

Salisbury Cove, Maine 04672 
Tel. (207) 288-3605 
Fax. (207) 288-2130 

phand@mdibl.org

The Mount Desert Island Biological Laboratory is indebted to the National Institutes of Health and 
National Science Foundation and for substantial support. Funds for building renovations and new 
construction continue to permit the Laboratory to expand and upgrade its research and teaching 
facilities. Individual research projects served by the Laboratory are f . .

All Center members and pilot recipients have free access to these core facilities. Non-Center 
members who utilize these facilities are charged appropriate fees.

Community Outreach and Education Program: The Center’s outreach program involves community 
education on water monitoring programs. This is directed primarily at high school and college 
students in the immediate area of the laboratory. However, an extensive summer research 
educational program includes high school students from both regional and national sites, the latter 
emphasizing minority student education as well as college and postdoctoral fellowship training.

Pilot Projects: The Pilot Project Program provides support for investigators who are interested in 
pursuing a new project related to environmental toxicology in one or more of the Center's Research 
Cores. The purpose of these Pilot grants is to obtain preliminary data to facilitate new grant 
submissions. Grants are awarded competitively and successful applicants receive up to 
$10,000/season.

A number of fellowships and scholarships are available to research scientists, undergraduate faculty 
and students, and high school students. These funds may be used to cover the cost of laboratory 
rent, housing and supplies. Stipends are granted with many of the student awards. Applicants for 
fellowships for the coming summer research period are generally due in January.

Research space is available for the entire summer season (June 1 - September 30) or a half-season 
(June 1 - July 31 or August 1 - September 30). Applications for the coming summer must be 
submitted by February 1st each year. Investigators are invited to use the year-round facilities at 
other times of the year, but such plans should include prior consultation with the MDIBL office 
concerning available facilities and specimen supply.

mailto:mmckeman@mdibl.org
mailto:phand@mdibl.org
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government agencies, and all of these projects have benefited from the NSF and NIH grants to the 
Laboratory. For supporting our educational initiative, MDIBL acknowledges the National Science 
Foundation Research Experience for Undergraduates, Maine Biomedical Research Infrastructure 
Network (NCRR/NIH), Cserr/Grass Foundation, Milbury Fellowship Fund, Northeast Affiliate of 
the American Heart Association, Cystic Fibrosis Foundation, Blum/Halsey Fellowship, Stanley 
Bradley Fund, Stan and Judy Fund, Bodil Schmidt-Nielsen Fellowship Fund, Maine Community 
Foundation, the Hearst Foundation and many local businesses and individuals.



Evamaria Kinne-Saffran, M.D.
(1941-2002)

Dedicated to my dear wife, companion in life and love, and partner in spirit and science; and to all people who 
similarly as Partners in Science by their joint endeavors promote knowledge for the sake of mankind.

Evamaria was born in 1941 in Berlin during the height of World War II. Her mother, Paula Helene 
Vogelsang, was a secretary who had come to Berlin from Gevelsberg, a hilly region in North-Rhine Westphalia. Her 
father, Anton Saffran, had his family roots in Schwanheim, a rural part of Frankfurt am Main, where the family name 
is synonymous with a small restaurant that serves “ apple wine He cultivated his family roots during all his later life 
as director of an engineering firm. Evamaria was very close to him and she inherited from her father the love of family 
and her interest in history'.

After attending the Luise-Henriette Gymnasium in Berlin she began her medical studies at the Free University 
with the aim to become a practicing medical doctor and thereby serve the community. We were classmates and were 
married in 1966 In the same year Evamaria graduated from Medical School, but by then her interests had shifted to

vi

Much too soon and entirely unexpected. Evamaria Kinne-Saffran died on December 6, 2002 while at work in 
her laboratory in Germany. Since 1975 she had come to the MDIBL every summer as part of the Kinne-duo. that 
became a Kinne-trio with son Daniel, and sometimes a Kinne-quartet when her mother joined the family at the 
Laboratory at the Sea. Her role as daughter, wife, mother and spousal partner in science was greatly admired, and she 
served as role model for a great number of students and colleagues. Her friendship was unpretentious in its warmth and 
honesty, and those who considered themselves a friend of Eva’s felt fortunate to have met her. It is common that 
absence intensifies the awareness of loss. Departing so suddenly, Evamaria leaves us with a heightened recognition of 
her inner beauty and of how much she has meant to me, son Daniel, our family, to the Max Planck Institute in 
Dortmund, to the MDIBL in Maine, and to her students and colleagues around the world.
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At the MDIBL, the Na+-K+-2Cl'-cotransport system and its sensitivity to loop diuretics was discovered in 
basolateral membrane vesicles isolated from the shark rectal gland [15]. These studies formed the basis for detecting 
and characterizing this transporter in apical membranes of rabbit kidney thick ascending limb of Henle’s loop [16-18]. 
Studies of other sodium-cotransport systems in tissues of the hagfish, the shark, the skate and the flounder were aimed 
at delineating the origin and evolution of transporters [19-21]. The biochemical approach to transport systems in so 
many tissues and animals enriched Comparative Physiology by illuminating as well commonality as diversity.

In her scientific work Evamaria combined a sharp intellect and broad biomedical interests with an 
extraordinary talent for organization, excellent technical skills, unerring concentration on the essential goal, and 
untiring perseverance. She gave her scientific life to the study of epithelial transport phenomena in plasma membranes 
using biochemical approaches [1-3]. She was among the first to isolate the luminal and contraluminal membranes of 
epithelial cells of renal proximal tubules that still expressed transport activity [4]. Producing such membrane fractions 
made it possible to investigate transport systems in apical and basolateral membrane domains independently from each 
other as well as from the cellular metabolism. She discovered a Ca2+-ATPase in the contraluminal membrane [5] and 
an ATP-driven proton pump (H+-ATPase) in the luminal brush border membrane [6;7]. She detected the hormone
sensitive adenylyl cyclase in basolateral membranes and cAMP-dependent kinases in apical membranes of the 
proximal tubule and the papillary collecting duct [8-10]. The study of transporters in isolated membranes was 
successfully applied to many epithelial tissues. The molecular basis of glucose transport was elucidated in rat proximal 
tubule and rat intestine [11 ;12], transport-related elements of the acid/base balance were localized and characterized in 
the turtle bladder [13] and the first channel-like transport system for magnesium was identified in the trout kidney [14]. 
All these investigations provided biochemical evidence that plasma membranes in epithelial cells have a functional 
asymmetry, a prerequisite for vectorial transepithelial transport.

In 1984 the family moved to Dortmund, Germany where I had been called upon to head the Max Planck 
Institute of Physiology of Complex Systems. Here Evamaria established her own Laboratory of Membrane 
Biochemistry and maintained her ties to teaching by joining the Department of Physiology of the Ruhr-University in 
Bochum. In 2000 she was appointed an Adjunct Professor of Physiology at the University of Witten-Herdecke. She 
was a devoted and passionate teacher who was committed to provide the students with an easy to understand and yet in 
depth-knowledge in Physiology.

In 1979, after having given birth to our son Daniel and having nurtured him for three years at home, she 
moved to New York and became Assistant Professor at the Albert Einstein College of Medicine, where I had been 
appointed as Chairman of Physiology. She flourished in this environment that welcomed us without any reservation 
and where she could combine ideally her role as scientist, teacher, mother and spouse.

In New York she also was much closer to Maine and the MDIBL, whose spirit of collaboration, sharing, and 
friendship in an international family she had been enjoying since 1975, when the late Bill Kinter and his wife Ann first 
introduced us to the beautiful Mount Desert Island. During the years to come her commitment to the Lab broadened 
and deepened. Tending to personal needs, tutoring students, and advising junior and senior investigators in Membrane 
Biology gave her pride and satisfaction. In 1992 she was elected to the Board of Trustees where she served until 1995. 
At that point she joined the Editorial Committee contributing in an additional manner to the scientific excellence of the 
Laboratory. When Evamaria died she was also a member of the Development Committee and of the Research 
Resources Committee- representing the breadth of her interest, caring and abilities. Unforgotten is her pivotal role in 
organizing in 1995 the scientifically exciting and for all participants personally rewarding symposium on the occasion 
of the 100Ih birthday of Homer Smith, the eminent nephrologist and long time “spiritus rector” of the MDIBL. Again 
she added warmth and heartfelt hospitality to the program and was a superb and admired host. In 1998 the MDIBL 
celebrated its Centennial. The overwhelming success of this event can to a significant part be traced back to 
Evamaria’s creative involvement in planning and organizing, and compassion in helping and assisting. On this, as on 
many other occasions she generously gave back to the Lab what over the years the Lab had given to her. The MDIBL 
was a haven of joy Eva cherished during all her life.

science. Her move with me to the Max Planck Institute for Biophysics in Frankfurt in 1967 marked the beginning of 
our fruitful and enduring partnership in professional activities. Together we built the Laboratory for Membrane 
Transport that soon attracted visitors from around the world. Evamaria was always the one who welcomed our 
scientific colleagues as part of the family, and many deep friendships developed.
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Written in Dortmund on March 17, 2003
By Rolf K.H.Kinne, M.D.,Ph.D.
Director at the Max Planck Institute of Molecular Physiology, Dortmund, Germany and
Vice-Chairman of the Board of Trustees,
Mount Desert Island Biological Laboratory, Maine, U.S.A.

“Future readers of Eva’s work will take knowledge and inspiration from her pages, blind to Eva the human being - like 
the sand that trickles through small fingers forming miniature mountains, castles, and kingdoms is blind to the child 
and all the human activities around her on a sunny July day on the beach at Salisbury Cove, at the Laboratory by the 
Sea.”

Not only students and colleagues, but also editors and publishers sought Evamaria’s scientific acumen. She 
reviewed extensively for the American Journal of Physiology, the Journal of Membrane Biology, and the Proceedings 
of the National Academy of Sciences, and she co-published a book series on Comparative Physiology.

Lately she also applied her interest in history to Nephrology where she chronicled the role Jacob Henle had 
played in developing the concept of the epithelium and the mechanism of renal function [26]. She wrote about the 
science of Friedrich Woehler who proved the chemical basis of biological reactions by synthesizing urea [27]. And she 
reflected on the contribution of “wise women” in the early days of Medicine and on the role of William Withering in 
discovering the potency of cardiac glycosides in the treatment of dropsy [28].

Acknowledgements:

The generous, inspiring, and comforting help of Klaus and Christa Beyenbach in composing this obituary is 
acknowledged in deep gratitude and friendship. They formulated this concluding sentence:

It is noteworthy that methods to separate plasma membranes and techniques to investigate transport systems 
using vesicles have not been supplanted by molecular biology. Functional genomics, cell biology, and integrative 
physiology will continue to call for such experimental approaches in the awareness that life is a complex network of 
components and reactions at a variety of levels of organization. The contributions of Evamaria Kinne-Saffran to 
science are thus perpetuated by the current and certainly future generations of scientists.

The development of the experimental tools for the preparation of isolated plasma membrane vesicles and for 
investigations of individual transport systems therein occurred when it became clear that the thermodynamic models of 
epithelial transport and the biophysical study of whole cells with microelectrodes were reaching the limits in their 
important contributions. This new approach paved the way for obtaining direct information on the molecular details of 
transport phenomena. At the same time, the first observation of a single membrane channel by the methods of patch 
clamp was reported [29]. Thus, in retrospect, the study of membrane vesicles constitutes an essential transition from 
the black box analysis of epithelial cells to the molecular study of individual transporters.

Next to well-defined characterization of transporters, the availability of isolated membranes also provided a 
fruitful approach to investigate the membrane-molecular basis of the toxic action of pollutants on epithelia. Under the 
umbrella of the N1EHS Centre for Membrane Toxicity Studies at the MDIBL cadmium was found to inhibit amino 
acid transport systems in flounder and rabbit kidney, and flounder intestine [22;23]. According to Evamaria’s studies it 
also affected the Na+-K+-ATPase by different mechanisms in shark rectal gland and rabbit outer medulla [24]. She also 
observed that mercuric chlorid. another heavy metal, inhibited the Na+-K+-2Cl -cotransport system in the rectal gland 
[25]. Investigating the toxicology of heavy metals Evamaria returned to her roots as physician, trying to define the 
molecular basis of disease. Shortly before her death she had started yet another clinically oriented research project that 
focused on the molecular mechanisms of calcium and phosphate transport in human salivary glands and their role in 
the development of dental diseases.
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Franklin H. Epstein

Mary Rush
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Their friends at MDIBL treasure their memories of Eva, that elegant, gracious, gentle 
and beautiful woman; modest, forthright and unselfconscious. Meticulous in her science, she 
was completely generous with her time and knowledge. She shared with Rolf an unobtrusive 
but deep and genuine concern for people that everyone instinctively and immediately 
perceived.

She had one extravagance - a flaming red Triumph roadster that she kept in Maine to 
drive the short distance from Spruce Point to MDIBL each day in style. We will miss, but 
always remember, the red Triumph and the warm and gentle smile.

Eva and Rolf Kinne were an inseparable pair of scientific researchers who led the world 
in the investigation of transport by isolated cell membranes and enriched the lives of their 
colleagues.

Dr. Kinne offered to teach me basic aspects of laboratory biochemistry and subcellular 
purification techniques. I was a young college student spending the summer in an adjacent 
laboratory and Dr. Kinne went out of her way to ask about my project and my interests. I was 
inexperienced but eager and I recall her firm corrections of my misunderstandings coupled 
with that infectious smile. She conveyed her lessons with firmness and confidence but with a 
tenderness that made learning painless. She taught as she worked, describing each step, 
allowing me to repeat it and then requiring an explanation to ensure that I understood. During 
these lessons, she acted as if she had nothing more critical to do, making me feel that 
imparting her wisdom to me was important to her.

A summer season at MDIBL arouses mixed emotions in the full-time staff. It is a very 
busy time, but also a time to renew dear acquaintances. And it was always particularly 
uplifting to find on my desk those boxes of sweets distributed by Lufthansa Airlines that Eva 
had saved and brought to me. But there was also the gift of her lovely presence and beautiful 
smile. We had a special relationship that I had hoped to cultivate further as I reached 
retirement. We exchanged favorite books and family anecdotes. We shared amusing tales. 
She was fun, and she was happy to pitch in, never hesitating to help clear tables following a 
banquet. She didn’t worry that this might diminish her elegant style and prominence. And, of 
course, it didn’t. I hold dear these tokens of her friendship. For me Eva was the balance 
needed during the hectic summers at MDIBL. I will surely miss her.

Amidst a very special environment for laboratory training at MDIBL, Eva Kinne had 
an unusual impact on me and left an indelible impression. Her radiant warmth was mixed 
with patience and a demand for exquisitely careful laboratory observation. She was the 
admired teacher whom I hoped never to disappoint.
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It is only in the years since these special summers at Mount Desert Island that I have 
learned to appreciate the uniqueness and importance of Dr. Kinne’s special attributes. As I 
listen to the misinterpretations of data by my own students and I consider my own responses, I 
frequently envision Dr. Kinne’s warm smile, reassuring, reminding me of her example. She 
teaches me still, forcefully conveying her combined message of competence, unselfishness 
and tenderness - rare traits that are even more precious when combined in one remarkable 
role model. We will miss that welcoming smile and cheerful laugh when we return to Mount 
Desert, for they belong there, epitomizing the goals and values of that precious laboratory 
retreat. As my own role as scientist and teacher evolves, I know I will continue to be assisted 
by the friend we so adored and by the teacher I hope not to disappoint.



REPORT TITLES

INVITED REVIEW

Introduction 1

IONIC REGULATION

-

xii

■

I
F i

Reports preceded by an asterisk were prepared by investigators funded by the NIEHS 
Center for Membrane Toxicity Studies at the Mount Desert Island Biological Laboratory I

Silva, P., C. Sighinolfi, K. Hessler, R. Hays, K. Spokes and F.H. Epstein. Effect of 
clotrimazole on the secretion of chloride by the shark rectal gland 22

Koomoa, D.L., B. Goldstein, M. Musch and L. Goldstein. ATP release and osmolyte 
channel regulation in skate (.Raja erinacea) erythrocytes 21

Fellner, S. and L. Parker. Effect of changes in ionic strength on the calcium sensing 
receptor in rectal gland artery and tubules in Squalus acanthias 10

Fundis, A., K. Zarella, E. Donnelly, R. Preston, G. Kidder and C. Petersen. Fundulus 
heteroclitus distribution in Northeast Creek: Sex and size class changes along a salinity 
gradient 18

Evans, D. and R. Rose. The role of prostaglandins in the inhibition of NaCl transport 
across the opercular skin of the killifish, Fundulus heteroclitus 13

Evans, D. and R. Rose. A role for superoxide in the inhibition of NaCI transport across 
the opercular skin of the killifish, Fundulus heteroclitus 14

Epstein, F.H., K. Hessler, K. Spokes, C. Sighinolfi, R. Hays and P. Silva. Thrombin 
activates chloride secretion by the rectal gland of Squalus acanthias 24

i
i
=
i

* Villalobos, A.R., C. Unites, A. Gordon, D. Miller and J.L. Renfro. Transport function 
following explant culture of dogfish shark (Squalus acanthias) choroid plexus 17

* Wohlgemuth, S. and D. Julian. Mitochondrial sulfide-sensitivity in coelomocytes from 
the sulfide-adapted marine invertebrate Glycera dibranchiata 15

* Pelis, R., C. Unites and J.L. Renfro. Acute regulation of renal sulfate secretion by 
winter flounder (Pleuronectes americanus) 12

Schmidt-Nielsen, B. and L. Bankir. Dilution of urine through renal fluid secretion: 
anatomo-functional convergence in marine elasmobranchs, earthworm and leeches 2



COMPARATIVE BIOCHEMISTRY & MOLECULAR BIOLOGY

xiii

g
=

Hyndman, K., D. Miller and D. Evans. Immunological localization of Na,K-ATPase in 
the kidney tubules of the killifish, Fundulus heteroclitus 53

Spanings-Pienot, C., D. Towle and J.Y. Toullec. Identification of two different forms of 
crustacean hyperglycemic hormone (CHH) in sinus glands of the euryhaline crab 
Pachygrapsus marmoratus 49

Klemme, M. and A. Flemmer. NKCC-Expression and activation in yolk sac chloride 
cells of Japanese medaka (Oryzia lapides) embryos 47

Musch, M. and L. Goldstein. Tyrosine kinase inhibition differentially alters cellular 
events following volume expansion in little skate (Raja erinacea) erythrocytes 43

Spanings-Pierrot, C. and D. Towle. Expression of Na+,K+-ATPase mRNA in gills of the 
euryhaline crab 44

Pedersen, S., S. King, R. Rigor, Z. Zhuang and P. Cala. Cloning and functional 
characterization of a NHE1 from the red blood cells of winter flounder 
(Pseudopleuronectes americanus)'. activation by osmotic shrinkage, cAMP, and calyculin 
A 38

Epstein, F.H., K. Hessler, K. Spokes, C. Sighinolfi, R. Hays, and P. Silva. Vasoactive 
intestinal peptide (VIP) stimulation of chloride secretion in shark rectal gland (Squalus 
acanthias) is not inhibited by cytochalasin D and procaine 26

* Elmore, L., P. McChesney, M. Lankowski and S. Holt. Identification of high levels of 
telomerase in marine animals 40

* Bewley, A., G. Weber and J.N. Forrest, Jr. Functional expression of the shark VIP 
receptor in Xenopus oocytes: Activation of CFTR chloride channels 35

* Kullman, S. Analysis of medaka CYP3A gene regulation, promoter regulatory regions 
and cloning of the orphan nuclear receptor PXR 29

* Kamaky, K., P. Ryder and L. Forte. Regulation of intestinal chloride secretion and 
cloning of uroguanylin in the killifish, Fundulus heteroclitus 32

Hyndman, K. and D. Evans. Endothelin stimulates prostaglandin secretion by the 
opercular epithelium of the killifish, Fundulus heteroclitus 52

* Hill, W., J. Mathai, R. Gensure, J. Saenz, E. Kinne-Saffran, M. Zeidel and R.K.H. 
Kinne. Studies of osmoregulation In teleosts and elasmobranchs: Water and solute 
permeabilities of apical membranes isolated from the gills of flounder (Pleuronectes 
americanus) and shark (Squalus acanthias) 27



=

■

xiv

i
!

Hyndman, K. and D. Evans. Immunological localization of endothelin receptors in the 
gill of the killifish. Fundulus heteroclitus 55

Pannabecker, T. and W. Dantzler. Dogfish shark renal urea transporter (ShUT) mRNA 
expression in bundle zone nephrons of Squalus acanthias 58

Litteral, J., T. Kirsch, M. Eiger, H. Hentschel, G. Weber, R. Raymond, A. Sheldon, P. 
Waldron and H. Haller. Expression and distribution of renal growth factors in Squalus 
acanthias and Leucoraja erinacea 76

|

-

Lanier, C. and J.B. Claiborne. Evidence for gill Na7H+ exchanger (NHE3) in long- 
homed sculpin (Myoxocephalus octodecimspinosis) 80

Henry, R. A branchial carbonic anhydrase repressor is down-regulated in the eyestalks of 
the euryhaline crab, Carcinus maenas, after acclimation to low salinity 60

* Seward, D., C. Bennet, J.L. Boyer and N. Ballatori. Expression of nuclear hormone 
receptors in the liver of the little skate, Raja erinacea. 64

* Peters, K., S. Watkins, J.N. Forrest, Jr., C. Marino and R. Frizzell. Identification of 
SNARE proteins in the rectal gland of Squalus acanthias 71

Luquet, C., M. Senek and D. Towle. Na7K72CI’ cotransporter and Na+ K+-ATPase 
mRNA expression in the South American rainbow crab Chasmagnathus granulatus after 
acclimation to low and high salinity 63

* Preston, R.L., R. Clifford, A. Guy, N. Richards, C.W. Petersen and G.W. Kidder. 
Preliminary studies of salinity adaptation in Fundulus heteroclitus and apparent CFTR 
levels in gill tissue and oocytes 68

* Baldwin, W., L. Chapman, J. Roling and R. Thibodeau. Altered gene expression 
induced by mammalian PXR ligands does not indicate these compounds bind the PXR in 
winter flounder (Pseudopleuronectes americanus) 74

* Seward, D., A. Koh, J.L. Boyer and N. Ballatori. Molecular identification and 
functional complementation between a novel human and mouse organic solute 
transporter, and a transporter from the little skate, Raja erinacea, OSTd/OSTB. 66

Pannabecker, T. and W. Dantzler. Vacuolar H+-ATPase immunoreactive protein 
expression in Squalus acanthias kidney tubules 56

Weakley, J., K. Choe and J.B. Claiborne. Immunological detection of gill NHE2 in the 
dogfish {Squalus acanthias) 81



!

COMPARATIVE PHYSIOLOGY

xv

l

■ 
I

Rodrigues, G., Hartline, D. and P. Lenz. High speed video analysis of escape responses 
of four calanoid copepod species to shadow stimuli 107

Eiger, M., J. Litteral, J.L. Renfro, H. Haller and H. Hentschel. In vitro culture of renal 
tissue of Leucoraja erinacea 105

Koob, T. and M. Koob-Edmunds. The nature of the polyelectrolyte gel in the ampullae of 
lorenzini of Squalus acanthias 100

Kidder, G.W., C. Goldsmith, M. Neville, C. Petersen and R.L. Preston. Salinity effects 
on surface respiration in Fundulus heteroclitus during hypoxia 96

Lovett, D., C. Tanner, T. Ricart and D. Towle. Modulation of Na+,K+-ATPase expression 
during acclimation to salinity change in the blue crab Callinectes sapidus 83

Tilden, A., M. Crane and G. Cary. Melatonin modulation of tide-associated processes in 
the green shore crab, Carcinus maenas 93

- 
■

* Parton, A., L. Dowell, D. Sato, J.N. Forrest, Jr. and D. Barnes. Extended culture of 
cells from tissues of the dogfish shark and little skate 108

* Fei, Y., A.P. Mehr and J.N. Forrest, Jr. The puzzle of cloning shark (Squalus 
acanthias) CFTR cDNA: Multiple toxic sequence motifs may be key to isolating a full- 
length expression clone 111

* Djurisic, M., P. Isenring and B. Forbush. Cloning, tissue distribution and changes 
during salt adaptation of three Na-K-Cl cotransporter isoforms from killifish, Fundulus 
heteroclitus 89

* Saenz, J., R.K.H. Kinne and E. Kinne-Saffran. Determination of the purity of 
membrane fractions isolated from flounder (Pleuronectes americanus) gills by a selective 
biotin exposure technique 85

Tong, X.Y., L. Cleeman and M. Morad. Partial sequence of the cardiac Na+-Ca2+ 
exchanger of the spiny dogfish (Squalus acanthias) 115

Evans, D. and K. Giesbrandt. Preparation of the longhorn sculpin (Myoxocephalus 
octodecimspinosus) for simultaneous cardiovascular and videomicroscopic studies 98

Lovett, D., C. Tanner, R. Ricart, and D. Borst. Effect of seawater osmolality on 
hemolymph levels of methyl famesoate in the green shore crab Carcinus maenas 103

Bridges, J., C. Stanton and J. Mickle. CFTR accessory protein identification via 
comparative proteomics 91



MOLECULAR TOXICOLOGY AND XENOBIQTIC TRANSPORT

xvi

■

■

■

The
127

* Harrison, M., A. Hunacek, W. Motley, D. Rieck, J.N. Forrest, Jr. and G. Kelley. Nickel 
inhibits VIP stimulated chloride transport in the shark rectal gland by binding to the 
peptide hormone 136

* Notenboom, S., R. Masereeuw, F.G.M. Russel and D. Miller. Involvement of cGMP in 
endothelin-regulated drug transport in killifish {Fundulus heteroclitus) renal proximal 
tubules 123

* Motley, W., G. Lizano, S. Decker, C. Kelley, R. Rolston, W. Versfelt, M. Epstein, G. 
Kelley and J.N. Forrest, Jr. Toxicological effects of nickel on VIP-stimulated chloride 
secretion in the rectal gland of Squalus acanthias are not mediated by inhibition of a T- 
type calcium channel 134

* Villalobos, A.R., J.L. Renfro, C. Unites, A. Gordon, K. Bleasby and D. Miller. Ion 
dependence of organic anion transport across dogfish shark {Squalus acanthias) choroid 
plexus 125

* Notenboom, S., L. Kuik, F.G.M. Russel, R. Masereeuw and D. Miller. Long-term and 
short-term effects of gentimicin exposure in killifish {Fundulus heteroclitus) renal 
proximal tubules 121

* Hartz, A., B. Bauer, G. Fricker and D. Miller. Long-term effects of zinc on Mrp2 
function in killifish {Fundulus heteroclitus) brain capillaries 124

* Mattingly, C., G. Colby, M. Rosenstein, J.N. Forrest, Jr. and J.L. Boyer. 
Comparative Toxicogenomics Database (CTD)

* Ballatori, N., D. Seward, C. Bennet and J.L. Boyer. Low biliary excretion of 
indocyanine green in perfused skate {Raja erinacea) liver: Possible role of the multidrug 
resistance P-glycoprotein-2, Mdr2, in hepatic elimination of this hydrophobic anionic dye

130

* Hartzell, H.C., C. Hartzell and T. Tweedie. Effect of mercury on Ca-activated Cl 
currents 132

* Senek, M. and L. Bain. Mechanisms of arsenic toxicity in mummichogs {Fundulus 
heteroclitus) 120

Stanton, C., D. Prescott, A. Lankowski, K. Karlson, J. Mickle, J. Shaw, J. Hamilton and 
B. Stanton. Arsenic and adaptation to seawater in killifish {Fundulus heteroclitus) 117


