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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 (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.

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 2003, the scientific personnel included 82 doctoral level 
scientists (including 55 Investigators), plus 137 students, and technical staff, representing 81 
institutions in 27 states, Australia, Europe, and South America.

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.

The Mount Desert Island Biological Laboratory is owned and operated by the Board of Trustees 
and Members of the Corporation; at present, there are 378 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.
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• an Animal Core that is responsible for the acquisition, and maintenance of the many marine 
species available to investigators at this Center;

• an Instrumentation and Facilities Core that maintains the basic laboratory equipment that 
investigators would not otherwise be able to easily bring to the laboratory (a fully equipped cell

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.

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

The Center for Membrane Toxicity Studies (CMTS), an NIEHS Marine and Freshwater 
Biomedical Sciences Center was established at the Mount Desert Island Biological Laboratory 
(MDIBL) 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.

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

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.

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.

culture and molecular biology facility, Marine DNA Sequencing Center, and an 
electrophysiology 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.



For further information on research fellowships, please contact:

Students should contact:

ACKNOWLEDGEMENTS

■

v

Michael McKernan
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

!

I

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 funded by private 
and 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, Adrian Hogben Fund, Bodil Schmidt- 
Nielsen Fellowship Fund, Maine Community Foundation, the Hearst Foundation, the Betterment 
Fund and many local businesses and individuals.

mailto:mmckeman@mdibl.org
mailto:phand@mdibl.org


REPORT TITLES

Invited Review

1Rappaport, Raymond. A minimal mechanism for organizing the events of cytokinesis

6

9

15

17

30

33

vi

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

Ionic Regulation

*Spanings-Pierrot, C., & D.W. Towle. Salinity-related mRNA expression of Na7K72Cl‘ 
cotransporter and V-type H+-ATPase in gills of the euryhaline crab Pachygrapsus marmoratus.......

Pedersen, S.F., King, S.A., Holt, M. & P.M. Cala. Signal transduction mechanisms involved in 
the regulation of NHE1 from Pseudopleuronectes americanus red blood cells by osmotic 
shrinkage, b-adrenergic stimuli, and calyculin A........................................................................................

*Pelis, R., Edwards, S., Claiborne, J. & L. Renfro. pH-dependent sulfate secretion by the renal 
proximal tubule of Pleuronectes americanus..................................................................................................12

Epstein, F.H., Sighinolfi, C., Hessler, K., Verkman, A.S., Riordan, J.R. & P. Silva. A synthetic 
CFTR inhibitor blocks stimulation of rectal gland secretion by CNP and VIP..........................................13

Silva, P., Sighinolfi, C., Hessler, K., Spokes, K., Hays, R.M. & F.H. Epstein. Sildenafil citrate 
enhances the stimulation of the secretion of chloride by CNP in Squalus acanthias rectal gland.......

Silva, P., Sighinolfi, C., Hessler, K., Spokes, K., Hays, R.M. & F.H. Epstein. TMAO has no effect 
on the secretion of chloride or its stimulation by VIP or CNP in Squalus acanthias rectal gland.......

*Scharlau, D., Althoff, T., Hentschel, H. & R.K.H. Kinne. Immunohistochemical studies of 
NaVD-glucose cotransporters in the intestine and kidney of Squalus acanthias and LeucoRaja 
er inace a............................................................................................................................................................... 18

Catches, J.S. & J.B. Claiborne. NHE2 and Na7K+-ATPase immunoreactivity in Myoxocephalus 
octodecimspinosus.............................................................................................................................................. 22

Catches, J.S., Bums, J.M. & J.B. Claiborne. Na7K72Cl-cotransporter immunoreactivity in
Myoxocephalus octodecimspinosus ............................................................................................................... 24

*Preston, R., Clifford, R., Thompson, J., Slager, D., Petersen, C. & G. Kidder. CFTR mRNA 
expression in developing Fundulus heteroclitus embryos............................................................................ 25

♦Bewley, M., Decker, S., Klein, C., Ratner, M., Kelley, C., Burks, K., Motley, W., Peters, A. & 
J.N. Forrest. The CFTR inhibitor-172 has minimal effects on shark CFTR as compared to human 
CFTR.......................................................................................................................................................................28

♦Decker, S., Klein, C., Ratner, M., Kelley, C., Epstein, M., Burks, K., Motley, W., Peters, A. & 
J.N. Forrest. Effects of quinidine and other K+ channel inhibitors on chloride secretion in the 
rectal gland of the spiny dogfish, Squalus acanthias...................................................................................

Rigor, R.R., Zhuang, Z. & P.M. Cala. Regulatory volume decrease by Pseudopleuronectes 
americanus red blood cells: the nature of the potassium flux pathway....................................................



65

vii

Koomoa, D.T. & L. Goldstein. Skate (Raja erinacea) anion exchanger, skAEl expression in
Xenopus laevis oocytes...........................................................................................................................37

Comparative Biochemistry & Molecular Biology
Fellner, S. & L. Parker. Endothelin B Ca2+ signaling in Squalus acanthias vascular smooth 
muscle: participation of IP3 and ryanodine receptors............................................................................. 38
*Roer, R. & D. Towle. Partial nucleotide sequence of a putative cuticular hexosaminidase from 
the blue crab, Callinectes sapidus...........................................................................................................40
*Campbell, J.D., Jensen, T.J., Scarlet, C., Borchers, C., Rosenberg, M.F., Ford, R.C. & J.R.
Riordan. Immunoisolation of CFTR from shark rectal gland for proteomic and structural studies.... 43
Rose, R., Choe, K.P. & D.H. Evans. Sequencing of a putative COX-2 from the killifish (Fundulus 
heteroclitus) gill.....................................................................................................................................45
*Sato, J.D., Chapline, M.C., Alestorm, P., Fan, L. & P. Collodi. Receptor kinase expression in 
germ-line competent zebrafish (£). rerio) ES cells................................................................................46
*Henson, J.H., Davis, J.E., Huang, K. & R.F. Murphy. Computer-based recognition of drug- 
induced changes in the distribution of fluorescently labled microtubules in NIH 3T3 cells.................49
*Straub, P.F., Higham, M.L., Phoel, W.C. & B. J. Landau. Functional genomics and quantitative
PCR for the study of environmentally related gene expression in Pseudopleuronectes americanus.... 51
*Sato, J.D., Sun, L., Yu, Y., Herley, M.T. & C.M. Chapline. Variable region characterization of 
monoclonal antibodies to the VEGF receptor Fit-1................................................................................ 54
Crockett, E.L., Hassett, R.P., Funk, K.R. & C.M. Doering. Activities of Na7K+-ATPase and 
cholesterol contents are not altered by dietary supplementation with cholesterol in Acartia 
hudsonica and Calanus finmarchicus...................................................................................................... 58
*Fan, L., Crodian, J., Parton, A., Collodi, P. & P. Alestrom. Use of marine cell lines as a source 
of factors that maintain pluripotency of zebrafish (Danio rerid) ES cell cultures.................................61
*Bayne, C. & A. Parton. Derivation of cell lines from Strongylocentrotus droebachiensis, the 
Northern sea urchin................................................................................................................................. 62
*Elmore, L.W., Parton, A., Barnes, D.A. & S.E. Holt. A novel role for telomerase in fish..............
*Gaskins, H.R., McCray, N.R., Collier, C.T., King, D.E., Thurmond, J.E. & R.I. Mackie. 
Molecular ecological and phylogenetic analyses of the intestinal microbiota of the ascidian 
tunicates Boltenia echinata, B. ovifera, Halocynthia pyriformis and Ciona intestinalis....................... 68

Thomason, K., Towle, D. & R. Henry. Quantitative expression of carbonic anhydrase mRNA and 
protein-specific activity in the gills of the euryhaline green crab, Carcinus maenas, during low 
salinity acclimation.................................................................................................................................72
*Crane, M., Wong, S., Tilden, A. & D. Towle. Identification of Na7Cl-dependent 
neurotransmitter transporters in the lobster, Homarus americanus........................................................74

*Stoller, J., Ryder, P., Gitler, A., Vosburgh, B. & J. Epstein. Gene knockdown using morpholino 
nucleotides in zebrafish (Danio rerio) to investigate the function of Nfl and FoxP4 in 
cardiovascular development.....................................................................................................................76



99

viii

Quantitative differences in escape responses to 
... 118

Comparative Physiology

*Pelis, R. & L. Renfro. Feeding and PKC activation inhibit sulfate secretion by the intestine of
Pleuronectes aniericanus 84

Blakaj, A., Plattus, R.B., Berliner, N. & E.J. Benz, Jr. Cloning of the 5’ end of Na, K-ATPase 
cDNA in the rectal gland of the Squalus acanthias 79

Day, R.M., Nagase, H., Lee, Y.H., Kraev, A., Cleemann, L. & M. Morad. Sequencing the cardiac 
Na(+)-Ca(2+) exchanger of the spiny dogfish shark {Squalus acanthias) 80

*Knickelbein, R., Boyer, J.L. & N. Ballatori. Glutathione export from skate {Raja erinacea) liver 
is unaffected by taurocholic acid 85

Hyndman, K.A. & D.H. Evans. Immunolocalization of the endothelin receptors in the gill of the 
longhorn sculpin, Myoxocephalus octodecinispinosus 87

Giesbrandt, K., Choe, K.P. & D.H. Evans. The cardiovascular and branchial perfusion effects of 
endothelin in the longhorn sculpin {Myoxocephalus octodecinispinous) 89 

Crane, M., Hand, E., LeBlanc, J., Pfeiffer, A., Shanahan, K. & A. Tilden. Influence of tides, 
exercise, and melatonin on hemolymph glucose andlactate levels in the fiddler crab Uca pugilator .. 90 

Litteral, J., Kirsch, T., Wortmann, J., Beese, M., Borley, K., Hentschel, H., Haller, H. & M. Eiger. 
Evaluating mechanisms of nephrogenesis on tissue cultures from adult Little Skate, Leucoraja 
erinacea kidney 93 

Swenson, K.E., Eveland, R.L, Reiter, C., Gladwin, M.T. & E.R. Swenson. Nitric oxide (NO) in 
vascular regulation of the spiny dogfish, Squalus acanthias 95 

Long, J., Koob-Emunds, M. & T. Koob. The mechanical consequences of vertebral centra  

Koob, T.J., Dean, M.N. & M.M. Koob-Emunds. Extracellular matrix compisition in the rostral 
gel of Squalus acanthias: A non-cartilaginous skeletal element 102 

Freiji, A. & J.B. Claiborne. mRNA for the NHE2 exchanger is expressed in a variety of epithelial 
tissues in the spiny dogfish, Squalus acanthias 106 

Lanier, C. & J.B. Claiborne. Analysis of branchial longhorn sculpin {Myoxocephalus 
octodecinispinosus) Na7H+ exchanger isoform 3 using Northern hybridization 107 

Smith, K. & R.P. Henry. A carbonic anhydrase repressor is found in the hemolymph of the 
euryhaline green crab, Carcinus maenas 108 

Baldwin, J., Goldsmith, C., Petersen, C., Preston, R. & G. Kidder. Synchronous hatching in 
Fundulus heteroclitus embryos: Production and properties 110 

Mohebbi, N., Wellner, M., Herold, D. & M. Gollasch. Structure and function of the dicarboxylate 
transporter INDY 112 

*Salinas, S., Brandvain, Y.J., Anderson, R., Marty, J., R.L. Preston, G.W. Kidder & C.W. 
Petersen. Reproductive ecology of Fundulus heteroclitus and Fundulus diaphanus in a New 
England watershed  .......................................................................................

Burdick, D., Hartline, D.K. & P.H. Lenz, 
hydrodynamic stimuli by calanoid copepods..



133

ix

Effects of thermal stress on 
131

Henry, R. Initial characterization of a carbonic anhydrase repressor from the eyestalks of the 
euryhaline green crab, Carcinus maenas.............................................................................................. 119
*Althoff, T., Scharlau, D., Luig, J., Schuetz, H. & R.K.H. Kinne. Sodium-D-glucose transport in
Squalus acanthias and Leucoraja erinacea: an update and new perspectives..................................... 121
*Hill, W.G., Mathai, J.C., Gensure, R.H., Zeidel, J.D., Saenz, J.P., Kinne-Saffran, E., Kinne, R. &
M.L. Zeidel. Barrier function of teleost and elasmobranch gill apical membranes.............................124

Molecular Toxicology & Xenobiotic Transport
*Sato, J.D., Coutermarsh, B., Chapline, M.C. & B.A. Stanton. Effects of arsenic, an inhibitor of 
CFTR function, on intracellular signaling in Fundulus......................................................................... 126
*Park, G., Knickelbein, R., Boyer, J.L. & N. Ballatori. The liver X receptor-alpha, LXRa, is 
expressed in the liver of the little skate, Raja erinacea.........................................................................129
*Gordon, A., Renfro, J. L., Miller, D.S. & A.R.V. Villalobos.
xenobiotic transport by Squalus acanthias choroid plexus..............
*Chen, C. & B. Mayes. Trophic transfer of metals in estuarine food webs.......................................
*Shaw, J.R., Curtis-Burnes, J., Stanton, B.A. & J.W. Hamilton. The toxicity of arsenic to the 
killifish, Fundulus heteroclitus'. Effects of salinity............................................................................... 134
*Notenboom, S., Masereeuw, R., Russel, F. & D. Miller. Upregulation of multidrug resistance- 
associated protein (Mrp2) in renal proximal tubules from killifish, Fundulus heteroclitus................ 135
*Baehr, C., DiPasquale, K., Fricker, G. & D.S. Miller. Fluorescein-methotrexate (FL-MTX) 
transport in dogfish shark, Squalus acanthias, choroid plexus..............................................................137
*Decker, S., Klein, C., Ratner, M., Kelley, C.» Epstein, M., Burks, K., Motley, W., Peters, A., 
Stanton, B.A. & J.N. Forrest. Arsenic inhibits chloride secretion in the perfused rectal gland and 
cultured tubularepithelial cells of the dogfish shark, Squalus acanthias.............................................. 139
*Parton, A., Dowell L., Rafferty, J., Forrest, J.N., Boyer, J.L. & D. Barnes. Culture of marine 
elasmobranch cells in vitro....................................................................................................................141
*Mayer, G.D., Berry, J.P., Patenaude, C.A. & P.J. Walsh. Effect of lipopolysaccharides from 
Microcystis and Lyngbya on metal toxicity in Fundulus heteroclitus.................................................. 143


