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Year 2 saw expanded collaborations between the PRCMB and other centers for oceans and
human health as a result of Hurricane Katrina.  In collaboration with scientists at Louisiana State
University (LSU), the PRCMB partnered with the Miami and Woods Hole centers to develop a
scientific plan to study the impact of pumping the contaminated floodwaters from New Orleans
into Lake Pontchartrain.  The projects were funded by the NSF SGER program.  Total funding
amounted to $600,000, with the PRCMB receiving approximately $150,000.  Dr. Grieg Steward
was the PI on the Hawaii SGER proposal.  Companion proposals from LSU, Miami, and Woods
Hole were directed by Drs. Aixin Hou, Helena Solo-Gabriele, and Rebecca Gast, respectively.
The primary focus of the research has been on human pathogens Ð viruses, bacteria, and
protozoans.  Traditional indicator organisms have been monitored for comparative purposes.
Both molecular and traditional plate-count methods have been used to estimate the numbers of
pathogens.

Collaborations continued during year 2 with the Diversa Corporation in the area of
pharmaceutical development.  DiversaÕs expertise is in the area of anti-infectives.  They have
developed sophisticated, high throughput techniques for isolating and screening microorganisms
for potential use as sources of relevant pharmaceuticals.  The principal contact at Diversa has
been Mr. Eric Mathur, Vice President, Scientific Affairs and Molecular Diversity.  The Diversa
expertise is a good complement to the screening protocols used by the UH Cancer Research
Center, which target compounds that inhibit cancer cell lines.

On the ciguatera project, collaborations continued and expanded during year 2 with the Hollings
Marine Lab (NOAA).  The principal contact there has been Dr. Peter Moeller.  The Hollings Lab
marine biotoxins facility undoubtedly has the most sophisticated facilities in the United States
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for detecting and measuring the concentrations of marine biotoxins.  Their ability to measure
ciguatoxin, in particular, provides a gold standard with which all other methods can be
compared.  They have provided invaluable assistance (at no cost to the PRCMB) that has enabled
us to troubleshoot methods such as the n2a assay for ciguatoxin.

Support provided by the School of Ocean and Earth Science and Technology (SOEST) has
allowed us to bring Dr. Paul Bienfang into the PRCMB.  Dr. Bienfang is a microbial ecologist
with a long background in culture work.  He has been helping out primarily with the ciguatera
project.  One of his important contributions has been to develop a working relationship with a
local offshore cage fish-culture company.  The algae that grow on the fish cages have turned out
to be a reliable and abundant supply of Gambierdiscus toxicus cells and of ciguatoxin derived
from those cells.  This collaboration has allowed us to move forward with the development of
sensitive analytical techniques for measuring ciguatoxin concentrations and in particular for
developing a quick and inexpensive assay for ciguatoxin in fish tissue.

Strong experienced leadership with complementary expertise in the ocean and biomedical
sciences, as well as with knowledge and skills about the NIH and NSF ÒculturesÓ, has provided
the foundation for the establishment and accelerated development of a new center of research
excellence in marine biomedicine.  By convening monthly meetings with the Project Leaders, the
Administrative Core has been able to create an interactive and collegial milieu that has been
highly conducive to forming genuine cohesiveness.  Regular meetings have also facilitated
timely responses to requests from agency and other COHH programs.  Importantly, close
monitoring of progress and oversight of productivity have resulted in anticipating shortcomings,
prioritizing needs and/or changes in approaches, and finding solutions for unanticipated
problems.  Furthermore, the creation of a center logo (Fig. 1), which incorporates the stylized
depiction of water, the development of a graphic interactive structure (Fig. 2) and the
establishment of an informative website (http://www.prcmb.hawaii.edu/) have helped to welcome
disparate elements and disciplines into the activities of the new Center.

Figure 1. PRCMB Logo Figure. 2. Interaction between Research and Cores

In keeping with the spirit of developing inter-Center collaboration, the PRCMB leadership has
taken part in monthly conference calls with other Center directors and assumed responsibility of
scheduling these conference calls, beginning in June 2005.  In addition, the Director, Co-Director
and Research Project Leaders attended and participated in the inaugural Oceans and Human
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Health Center DirectorsÕ Meeting, hosted by the Rosenstiel School of Marine and Atmospheric
Sciences, of the University of Miami, in Miami, Florida, on January 27-28, 2005.  The second
annual Oceans and Human Health Center DirectorsÕ Meeting is scheduled for April 24-25, 2006,
and will be hosted by the Pacific Northwest Center for Oceans and Human Health in Seattle,
Washington.

In addition to these partnerships, the following organizations have collaborated with the PRCMB
during the past year as shown in table 1.

Table 1.  PRCMB collaborations.
Research
Project

Organization Nature of collaboration

1 NOAAÕs marine
toxin facility in
South Carolina

Under the direction of Dr. Peter Moeller, has provided state-of-
the-art analyses of ciguatoxin congeners to this project pro
bono.

2 Wastewater
Division, City and
County of
Honolulu

Provided: 1) sewage and ocean outfall samples, 2) data on
ocean and environmental assays, 3) enterococci recovered
from ocean samples, 4) information on sewage contamination
events.

2 HawaiÕi
Department of
Health

Provided: 1) information on water quality regulations, 2)
information on risk of diseases in community, 3)
environmental water samples, 4) microorganisms recovered
from environmental water samples, 5) information on national
health-related statistics versus similar statistics in HawaiÕi as
provided by Centers for Disease Control and Prevention, 6)
characterization of microorganisms we have isolated from
environment with similar organisms isolated from human or
human-related samples, 7) microorganisms used as controls or
recovered from clinical samples.

2 Centers for
Disease Control
and Prevention

Provided: 1) information on antibiotic resistant strains of
bacterial pathogens using national and international data as
compared to data for the State of HawaiÕi, 2) information on
research methods to type microorganisms, 3) agreement for
collaborative research to characterize S. aureus that we have
isolated from beach water samples for comparison with S.
aureus isolated from clinical samples obtained from all states.

2 USEPA, Office of
Research and
Development

Provided: 1) information on EPA Beach Act, 2) information on
EPA epidemiological study, 3) information and guidance on
new monitoring methods used by EPA.

2 Straub Clinic and
Hospital

Provided: 1) information on risk of disease infections in
patients at this hospital in HawaiÕi 2) information on antibiotic
resistance in bacterial pathogens isolated at this clinic, 3)
agreement to provide isolates of bacterial pathogens (S.
aureus) recovered from patients in HawaiÕi.

2 Queens Medical
Center

Provided: 1) information on risk of disease infections in
patients at this hospital in HawaiÕi, 2) information on problems
related to treatment of infections with some bacterial
pathogens, 3) agreement to provide clinical samples for
isolation of pathogens by our laboratory.
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related to treatment of infections with some bacterial
pathogens, 3) agreement to provide clinical samples for
isolation of pathogens by our laboratory.

2 Surfrider
Foundation

Agreed to cooperate with Dr. Alan Tice in a project to collect
samples from swimmers and surfers before and after entering
coastal water to determine ability of S. aureus in coastal waters
to colonize humans during their recreational use of coastal
waters

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

The project received substantial in-kind support for its repeated G. toxicus collection efforts from
the firm of Cates International Inc. that is operating the large submerged aquaculture structures
offshore of Oahu, Hawaii.  Cates International Inc. has not only allowed access to their offshore
facilities, but they have provided no-cost support in the form of the marine transportation to and
from the site, marine platform/logistics, and the divers to collect macrobiota for subsequent
isolation of the G. toxicus.   The project has maintained contact with the Hawaii Department of
Health, because of their history monitoring ciguatera poisonings in the State.  This information
transfer has gained their verbal and written support to aid in the provision of data, records, and
public communications in continuing phases of this research.  The program has also continuously
apprised the Hawaii Aquaculture Association of its ciguatera research pursuits and developing
information bases because of the relevance to the aquaculture community and the fish eaters they
serve; this also provides the program with up-to-date information on site-specific CTX issues
within the community.  The project has regularly provided algal biomaterials to the Cancer
Research Center of Hawaii because their investigations involving pks-active bioproducts, anti-
infective and/or anti-tumor compounds appears to have encountered activity(s) in this algal
material that present interesting properties.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Division of Environmental Quality, City and County of Honolulu.
This city agency is responsible for monitoring the cityÕs wastewater treatment plants and selected
city and state beaches on the island of Oahu, Hawaii. This agency cooperated with our project to
meet our objectives and to obtain information, data and recommendation from our project. They
provided our project with data on water quality of beaches, pollution events, collected samples
for our analysis and provided us with cultures of their enterococci. They provided us with part of
the water samples they are analyzing for enterococci and C. perfringens under their compliance
monitoring program to meet water quality standards.  We analyzed these same samples for
FRNA coliphage as well as for Bacteroides assay and for esp and efaAfS genes in enterococci.
This collaboration will continue for the next year to establish sites on Oahu where fecal
contamination is occurring.

Clean Water Branch, Hawaii State Department of Health.
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This state agency regulates state water quality standards, oversees all agencies in the state that
affect water quality and is responsible for monitoring the stateÕs recreational waters. This agency
cooperated with our project to meet our objectives and to obtain information, data and
recommendations from our project. They provided our project with data on water quality of
beaches, pollution events, collected samples for our analysis and provided us with cultures of
their enterococci. They provided us with part of the water samples they are analyzing for
enterococci and C. perfringens under their compliance monitoring program to meet water quality
standards. We analyzed these same samples for FRNA coliphage as well as for Bacteroides
assay and for esp and efaAfS genes in enterococci. This collaboration will continue for the next
year to establish sites on Oahu where fecal contamination is occurring.

Division of Healthcare Quality Promotion and Infection Prevention, Centers for Disease Control
and Prevention, Atlanta, GA
This federal agency provided our project with information on national and international
outbreaks and the specific strains of S. aureus that have caused these disease outbreaks. They
requested and we sent them 30 of our beach water isolates of S. aureus that they characterized
and compared with strains recovered from clinical samples throughout the nation.

Environmental Health Analytical Services Branch, Hawaii State Department of Health
This Hawaii State Department of Health provides laboratory services and assisted our project by
analyzing and characterizing some of our S. aureus isolates using pulse field gel electrophoresis
to compare our environmental isolates with clinical isolates from Hawaii.

Kewalo Marine Laboratory, University of Hawaii.
This off-campus, University of Hawaii research facility provided us with a flowing sea water
source and tanks to maintain the mollusks (Isognomon incisum) we collected before our
experimental use.

Straub Hospital Clinical Laboratories, Honolulu, HI.
Director Dr. Francis Pien provided our project with 50 clinical isolates of S. aureus recovered
from patients in Hawaii. These isolates have been stored in our cell culture bank and will be used
to compare with our environmental isolates of S. aureus.

Other Cooperative agencies

Louisiana State University
School of the Coast and the Environment
Baton Rouge, LA
Provided laboratory facilities and field collection support for project-related activities

Massachusetts Institute of Technology
77 Massachusetts Ave
Cambridge, MA 02139-4307
Sharing of supplies and data

University of Miami
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Rosenstiel School of Marine and Atmospheric Science
4600 Rickenbacker Causeway
Miami, FL 33149
Sharing of supplies and data

Woods Hole Oceanographic Institution
Woods Hole, MA 02453
Sharing of supplies and data

Contacts

George A. Pankey, MD
Director, Infectious Disease Research
Ochsner Clinic Foundation LT 7S
1514 Jefferson Highway
New Orleans, LA 70121-2483

Joseph R. Dalovisio MD
Head, Section on Infectious Diseases
1514 Jefferson Highway
Ochsner Clinic Foundation
504-842-4005

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No organizations to report at this time.

Pilot Project Program Overall

Organizations are reported below for each pilot project supported by the PRCMB.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

No organizations to report at this time.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

No organizations to report at this time.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

PRCMB. The PRCMB Pilot Project Program is providing financial support to cover the costs of
the PIÕs time commitment to the project, of materials and supplies, and of travel of Diversa
personnel
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Kamehameha High School. KHS is providing salary support for Ms. DuffyÕs time commitment
to the project, and to materials and supplies used at KHS.

Diversa Corporation. Diversa Corporation is providing salary support for Diversa personnel
participating in the project, as well as in-kind support in the form of equipment and supplies used
at Diversa.

Facilities Core:  Culture and Characterization of Marine Microbes

Diversa Corporation (San Diego, CA) - Dr. Bidigare was awarded a $77,805 sponsored research
grant by Diversa for the construction of eDNA libraries from select symbiotic assemblages in
Kaneohe Bay. Benthic marine organisms such as sponges and cnidarians have long been known
to produce a variety of interesting small bioactive molecules. These benthic life forms are often
symbiotic assemblages consisting of the metazoan host and a variety of microbial symbionts. It
is now known that these symbionts often play key roles in the construction of the bioactive
molecules that have attracted the attention of chemical ecologists and pharmacologists. In the
complex community of a symbiotic assemblage, it is not always known which member or
members of the partnership are responsible for synthesizing a given bioactive molecule. We
propose to apply the proprietary techniques developed by Diversa and licensed by the University
of HawaiÕi to the construction of eDNA libraries from various marine symbioses found in
Kaneohe Bay. These libraries should contain all of the genes required for the construction of any
small bioactive molecules synthesized by the members of the given symbiosis. Diversa will
screen the eDNA libraries for (1) sequences that can be used to take taxonomic inventories of the
microbial composition and (2) genes and gene pathways coding for desired 'small molecule'
synthesizing enzymes. Diversa has agreed to sponsor student and post-doctoral interns within
their laboratories to provide training in high throughput (HTP) culturing and screening
techniques.

Bidigare, Hemscheidt and Yanagihara (University of Hawaii) and the Diversa Corporation
received NOAA OHH funding for a proposal, entitled ÒDiscovery of Pharmaceutical Lead
Compounds from Marine OrganismsÓ. For the NOAA OHH Initiative, we will expand the
research scope of the PRCMB to include the (1) isolation, characterization, cultivation and
screening of novel marine microbes from coastal and oceanic sediments and marine sponges, and
(2) screening and structural elucidation of novel anti-infectives and anti-tumor agents isolated
from diverse species of Hawaiian cnidarians.

Bidigare received $10,000 from the Pacific Islands Fisheries Science Center to survey  b-N-
methylamino-L-alanine (BMAA) distributions among cyanobacteria and zooplankton collected
in the vicinity of the Hawaiian Islands and travel support from the Institute for EthnoMedicine to
attend a workshop entitled ÒBMAA: Cyanobacteria, Ecosystems, and Human HealthÓ in Jackson
Hole, Wyoming (12-13 October 2005).

Collaborators
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Overall Program Summary and Administrative Core

PRCMB Organizational Structure.  An updated organizational chart (Figure 3) of the PRCMB
shows the convergence of expertise and skills of faculty from six level-V units at the University
of HawaiÔi at Manoa, including the School of Ocean and Earth Science and Technology
(SOEST), John A. Burns School of Medicine (JABSOM), College of Natural Sciences (CNS),
Water Resources Research Center (WRRC), Pacific Biomedical Research Center (PBRC), and
Cancer Research Center of HawaiÔi (CRCH).  The deans of SOEST and JABSOM and the
director of the PBRC have each pledged a tenure-track faculty member to the PRCMB.  In
addition the dean of SOEST has pledged to provide matching funds to invite an internationally
recognized investigator to speak at the PRCMB research seminar series.

External to the UH, the funding of the PRCMB has been leveraged through a $340,000 grant
entitled Discovery of Pharmaceutical Lead Compounds from Marine Organisms from the NOAA
Oceans and Human Health program (Dr. Robert R. Bidigare, PI).  This grant has created two
extramural partnerships for the PRCMB, one involving the NOAA marine biotoxins laboratory
in Charleston, SC, and the other involving Diversa Corporation, a biotechnology company based
in San Diego, CA.  The partnership with the NOAA biotoxins laboratory has allowed us to
obtain state-of-the-art analyses of the various congeners of ciguatoxin.  The collaboration with
Diversa has provided us with information on the results of many screen protocols that would not
otherwise have been available to the center.  In addition, Diversa has donated several hundred
thousand dollars worth of analytical equipment to the center.  In all cases the equipment in
question has either been unavailable on the UH campus or has been superior to equipment
otherwise available to us.

PRCMB External Advisory Committee (EAC).  The PRCMB EAC is composed of five
distinguished scientists in biomedicine and ocean sciences from research-intensive institutions
and other organizations, who are recognized nationally and internationally for their contributions
in research on marine microbiology, biotechnology, marine toxicology and toxinology, new drug
discovery, and novel culturing methods of marine organisms (Table 2).  Members of the PRCMB
EAC have been selected for their administrative experience and organizational skills at
developing and overseeing complex, multidisciplinary centers or departments of ocean sciences
and/or marine biomedicine; their experience in serving on NIH and NSF study sections; their
funding records; and their commitment to building research capacity at minority-serving
institutions.

A two-day EAC meeting will be held on May 17-18, 2006.  PRCMB Collaborators, members of
the PRCMB ISC (see below) and a representative from NIEHS and/or NSF will also be invited
to participate.  The PRCMB EAC will thoroughly evaluate all aspects of the Center, including a
rigorous review of the scientific progress of the PRCMB Research Projects and the productivity
of each PRCMB Investigator.  In addition, the PRCMB EAC will assess the effectiveness of the
administrative structure, assist in revising guidelines for monitoring the progress of individual
developmental projects, identify and develop additional opportunities for mentoring and research
training (either at their respective universities and other research-intensive institutions), provide
advice for improvements and make recommendations for future research priorities and
directions.  A detailed written critique will be prepared by the PRCMB EAC at the closure of
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each annual meeting, a copy of which will be included in the continuation application to NIEHS
and NSF.  In turn, the NIEHS and/or NSF representatives who attend the PRCMB EAC meeting
will help the new Center to better and more efficiently address any new NIEHS and NSF goals
and priorities.

Table 2.  PRCMB External Advisory Committee
Bruce S. Anderson, Ph.D. President, Oceanic Institute, Waimanalo, Hawaii
Alfred P. Dufour, Ph.D. Senior Research Microbiologist, National Exposure Research

President
UH System

Chancellor
UH Manoa

J. Moncur
Director
WRRC

C. Vogel
Director
CRCH

T.S.Shomaker
Interim Dean

JABSOM

K. Keil
Interim
Dean

SOEST

G.K. Ostrander
Interim Director

PBRC

C. Hayes
Interim
Dean
CNS

PRCMB Internal Steering Committee
J.C. Leong (SOEST), R.F. Cox
(OTTED), M.G. Hadfield (PBRC), R.E.
Moore (CNS),

Pacific Research Center for Marine
Biomedicine Administrative Core

E.A. Laws (SOEST), Director
R. Yanagihara (JABSOM), Co-Director

PRCMB External Advisory
Committee  B.S.Anderson
(OI), A.P.Dufour (EPA),
W.Fenical (Scripps), F.

Holland (HML), S.M.Ostroff
(DHHS)

B. S. Anderson

B.S.

Pilot Program
R. Yanagihara (JABSOM)

Facilities Core  R. Bidigare
(SOEST), M. Rappe (SOEST), S.

Brown (SOEST)
Research Core  E. Laws

(SOEST)

Research Project 1
Harmful Algal Blooms
R. Bidigare (SOEST)
P. Bienfang (SOEST)

N.A. Palafox (JABSOM)
M.L. Parsons (UHH)

H. Trapido-Rosenthal (SOEST)
A.A.Yanagihara (PBRC)

PRCMB Research Project 2
Water- and Vector-Borne Diseases

R.S. Fujioka (WRRC)
A.R. Katz (JABSOM)

P.C. Loh (CNS)
S.E. Seifried (JABSOM)
G.S. Steward (SOEST)
A.D. Tice (JABSOM)

B.A. Wilcox (JABSOM)

PRCMB Research Project 3
Marine-Derived Pharmaceuticals and

Probes
K.T. Hemscheidt (CNS)
M.J. Berry (JABSOM)

P. Lorenzo (CRCH)
N. Sitachitta (CNS)

B. Warn-Cramer (CRCH)

Figure 3.  PRCMB organizational structure.
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Laboratory, U. S. Environmental Protection Agency,
Cincinnati, Ohio

William Fenical, Ph.D. Director, Center for Marine Biotechnology and Biomedicine,
Scripps Institution of Oceanography, University of California,
San Diego, La Jolla, California

Fred Holland, Ph.D. Director, Hollings Marine Laboratory, Charleston,
South Carolina

Stephen M. Ostroff, M.D. HHS Representative to the Pacific Islands, Office of Global
Health Affairs, U. S. Department of Health & Human Services,
Honolulu, Hawaii

PRCMB Internal Steering Committee (ISC).  Chaired by the Director of the PRCMB, the
PRCMB ISC is composed of representatives from each of the participating units (Table 3).
Committee members have been selected for their experience in program oversight and
evaluation, and they assist the PRCMB Director in this important area.  The PRCMB ISC closely
monitors the progress of the Research Core and Facilities Core, discusses internal operational
concerns, and ensures coordination of research and administrative activities between PRCMB
participating units and other UHM Programs.  The PRCMB ISC is responsible for reviewing,
responding to and implementing recommendations of the PRCMB EAC.  Disputes arising in the
course of PRCMB activities are adjudicated by the ISC through consensus or majority vote, as
appropriate.  The PRCMB Directors are ultimately responsible for implementing decisions of the
ISC.

Table 3.  PRCMB Internal Steering Committee
Edward A. Laws, Ph.D.,
Chair

Director, PRCMB; Professor, Department of Oceanography,
SOEST

Richard Yanagihara, M.D. Co-Director, PRCMB; Professor, Department of Pediatrics,
Public Health Sciences and Epidemiology, and Tropical
Medicine and Medical Microbiology, JABSOM

Michael G. Hadfield, Ph.D. Director, Kewalo Marine Laboratory, PBRC
Jo-Ann C. Leong, Ph.D. Director, HawaiÕi Institute of Marine Biology, SOEST
Richard E. Moore, Ph.D. Director, Natural Products Program, CRCH and CNS
Richard F. Cox, Jr., M.B.A. Associate Director, Office of Technology Transfer and

Economic Development, UH

Table 4 summarizes collaborations involving the research projects, facilities core, and the pilot
project program.

Table 4. PRCMB collaborations and research efforts.
Research
Project

Collaborator(s) Nature of Collaboration

1 Manoa and Hilo
campuses, Pacific
Biomedical Research
Center

Combined expertise of Dr. Bidigare, Dr. Hokama, Dr.
Parsons, and Dr. Yanagihara
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Center
1 Minoru Isobe, Nagoya

University
Professor Isobe previously carried out the synthesis of
okadaic acid.  Dr. Hokama examined O.A. fragments that
cross-reacted with mono-antibody to ciguatoxin.
Presently, Dr. Isobe sent us an ABCD fragment, which
we are studying in the Neuroblastoma cell study, and
hopefully his laboratory will have synthetic ciguatoxin,
which we hope to employ as the standard ciguatoxin in
our MAbCTX immunodiffusion assay procedure in the
test for detecting contaminated fish in ciguatera
poisoning.  The MIA test is being evaluated by the
AOAC.  A standard synthetic CTX will be homogenous
and unlike purified CTX Ð since there are potentially 37
or more naturally isolated types of CTX.

2 Professor Kate Field,
Oregon State University

Advice on establishing her method to detect bacteroides
in water samples using PCR technique as a reliable
method to determine when environmental water samples
in HawaiÕi are contaminated with sewage.

2 U.S. EPA Advice from Dr. Alfred Dufour and Richard Haugland
on molecular methods used by EPA to determine quality
of water for EPA epidemiological studies.

2 Michigan State
University

Advice from Professor Joan Rose and Dr. Troy Scott on
development of their new assay to detect esp in
populations of enterococci as a means to determine
whether environmental water sample is contaminated
with human feces.

2 University California
Riverside

Advice from Professor Sunny Jiang on method to detect
adenovirus in environmental water samples by culture
and by PCR methods. Also agreed to provide control
adenovirus samples and appropriate cell culture.

2 Microbiology
Department, UH

Advice from Professor Tung Hoang on use of molecular
methods and use of equipment for molecular analysis.

2 Dayna Tamashiro,
Hawaii Department of
Health, Laboratory
Division

Collaborative agreement to analyze our environmental
isolates of S. aureus by pulse field gel electrophoresis
and to compare with clinical isolates of this same group
of pathogens.

2 Dr. Francis Pien, Straub
Clinic and Hospital

Agreement to provide our laboratory with isolates of
microbial pathogens recovered from clinical samples to
be used to compare with isolates from environmental
samples.

2 Drs. Matthew Arduino
and Bette Jensen of
Centers for Disease
Control and Prevention

Agreed to analyze some of our environmental isolates of
S. aureus and to compare with S. aureus recovered from
clinical samples obtained from other states.

Facilities
core

UH faculty Dr. David M. Karl (Department of Oceanography), Dr.
Grieg Steward (Department of Oceanography), Dr.
Matthew Church (Department of Oceanography), Dr.
Ruth Gates (HawaiÕi Institute of Marine Biology), and
Dr. Guangyi Wang (HawaiÕi Natural Energy Institute)
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Matthew Church (Department of Oceanography), Dr.
Ruth Gates (HawaiÕi Institute of Marine Biology), and
Dr. Guangyi Wang (HawaiÕi Natural Energy Institute)

Facilities
core

U.S. faculty outside the
UH

Dr. Rose Ann Cattolico (University of Washington;
Seattle, Washington), Dr. Peter Moeller (National Ocean
Service; Charleston, South Carolina), Dr. Paul Cox
(Institute for Ethnomedicine; Provo, Utah), Dr. Stephen
Giovannoni (Oregon State University), Dr. John
Waterbury (Woods Hole Oceanographic Institute)

Facilities
core

International
collaborators

Marine Biotechnology Institute (Kamaishi, Japan)

Pilot
Project
program

All four COHH The four COHH centers have agreed to help with the
review of one anotherÕs pilot project proposals.  This
agreement has facilitated the expert review of proposals.
During the second round of proposal reviews, scientists
at the Woods Hole COHH helped with the evaluation of
one of the proposals.

Pilot
Project 2

Outside the PRCMB
project but within the
institution

Professor Dave Karl (SOEST) provided a berth on a
cruise in the HawaiÕi Ocean Time (HOT) series for the
projectÕs Research Assistant, Leena Mahdi. (The HOT
program is funded by NSF.). Professor Paul Patek, Chair
of the Department of Microbiology is a mentor to the
project leader, Stuart Donachie.

Pilot
Project 2

Non-formal
collaboration outside
UH

Professor Jack Fell at the Rosenstiel School of Marine
and Atmospheric Sciences, University of Miami, assists
with identification of yeasts and fungi, and on
description of novel species. Amy Baco-Taylor of the
Woods Hole Oceanographic Institution provided one day
aboard a ship during her work on deep-sea corals off
HawaiÕi; samples were provided to this project.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

The project has benefited considerably from analytical support provided by the NOAA-NOS
laboratory, headed by Dr. Peter Moeller in Charleston SC.  Their unparalleled CTX analytical
capabilities have been provided to this effort in the form of both analyses and technology
transfer. Toxin extracts that pass the N2a cytotoxicological screening have been sent to the
NOAA-NOS lab for MS/MS and/or NMR analyses.  These extracts are run through a Finnegan
LCQ Ion Trap equipped with an Agilent 1100 series binary LC pump, autoanalyzer, chilled
sample tray, and UV detector, and A SCIEX triple quad MS/MS, equipped with a similar LC
system; NMR analysis are performed on a Bruker DMX 500 MHz instrument. This support has
provided data on the type and amounts of toxins and congeners present in the extracts.
Additionally, the NOAA-NOS lab has provided consul to an initiative to establish a similar CTX
analytical capability at the University of Hawaii-Manoa. This sharing of the numerous
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instrumentational and methodological nuances has expedited the establishment of this capability.
The project has also established collaboration with Diversa Corporation to subject the mixed G.
toxicus assemblages that are collected from the offshore cages to their proprietary microdroplet
technology to rapidly isolate the G. toxicus per se and its closely-associated symbionts from
other species present in that size fraction.  If successful, this collaboration could provide the
means to overcome serious constraints that have prevented (a) preservation of the symbiotic
assemblage, (b) the number of isolates available for culture in vitro, and (c) the amount of G.
toxicus material available for analytical standardization of this CTX-P congener.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Richard Whitman, Lake Michigan Ecological Research Station, USGS Porter, IN.
Helena Solo-Gabriele, Department of Civil and Environmental Engineering, University of
Miami, Coral Gables, FL.
Gary Toranzos, Department of Biology, University of Puerto Rico, San Juan, PR.
Jay Fleisher, College of Ostiopathic Medicine, NOVA Southeastern University, Fort Lauderdale,
FL.
Valerie Harwood, Department of Biology, University of South Florida, Tampa, FL.
Tung Hoang, Department of Microbiology, University of Hawaii.
Watson Okubo, Clean Water Branch, Hawaii State Department of Health.
Ross Tanimoto, Division of Environmental Quality, City and County of Honolulu.
Matt Arduino, Division of Healthcare Quality Promotion and Infection Prevention, Centers for
Disease Control and Prevention, Atlanta, GA.
Gary Richards, USDA Agricultural Research Services, Delaware State University, Dover, DE.
David Horio, Director of Laboratories, Hawaii State Department of Health.
Kate Field, Department of Microbiology, Oregon State University, Corvalis, OR.
Richard Haugland, Office of Research and Development, USEPA, Cincinnati, OH.
Troy Scott, Biological Consulting Services of N. Florida, Inc. Gainesville, FL.
Sunny Jiang, Department of Social Ecology, University of California, Irvine, Irvine, CA.
Charles Gerba, Department of Soil, Water and Environmental Science, University of Arizona,
Tucson, AZ.
Herbert Virgin, Department of Pathology, Immunology and Molecular Microbiology,
Washington University, St. Louis, MO.

Recent Collaborators

A small grant for exploratory research (SGER) was awarded by NSF to the pathogen group
within PRCMB to investigate water quality issues in Lake Pontchartrain, LA in the aftermath of
Hurricane Katrina (CHEM OCE05-54768).  The PI for this award of $148,821 is Dr. Grieg
Steward, Department of Oceanography, University of Hawaii. This work is complementary to
our work on Oahu and involves a number of informal collaborations with investigators from
various institutions as listed below.

Aixin Hou
Louisiana State University
School of the Coast and Environment
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Department of Environmental Studies
Room 1255, Energy, Coast and Environment Building
Baton Rouge, LA 70803

Chunyan Li
Louisiana State University
Coastal Studies Institute
Department of Oceanography and Coastal Studies
208C Howe-Russell Geoscience Complex
Baton Rouge, LA 70803

Linda Amaral Zettler
Woods Hole Oceanographic Institute
WHOI, MS#32 3-24
Redfield Bldg
266 Woods Hole Rd.
Woods Hole, MA 02543.

Martin Polz
Massachusetts Institute of Technology
Department of Civil and Environmental Engineering
15 Vassar Street, Bldg 48-417
Cambridge, MA 02139

Helena Solo-Gabriele
University of Miami
Department of Civil, Arch., and Environmental Engineering
1251 Memorial Drive
McArthur Engineering Building, Room 325
Coral Gables, FL  33146-0630

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

Dr. Stuart Donachie, Department of Microbiology, UH Manoa
Dr. Robin Kinnel, Dept of Chemistry, Hamilton College, Clinton NY
Dr. Rainer Kurmayer, Institute of Limnology, Austrian Academy of Sciences, Mondsee, Austria
Mr. Cyril Portmann, University of Fribourg, Switzerland

Pilot Project Program Overall

Collaborators in the pilot projects are listed below.
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Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Dr. Michael Parsons of UH-Hilo participated in an off-shore collection effort, transferred
methodological details on manual G. toxicus isolations from bulk samples, and provided isolates
from his collection for comparative assays.  Dr. Michael Cooney provided considerable
consultation on experimental experiences involving quorum sensing studies involving biofilms.
Dr. Peter Moeller (NOAA-NOS Hollings Lab) kindly provided access to LC/MS analytical
capability to support the cytotoxicity assays performed.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

In the PRCMB project: Dr. Thomas Hemscheidt (Department of Chemistry).
Outside the PRCMB project but within the institution: Dr. Dave Karl (SOEST) provided berths
on two cruises in the HawaiÔi Ocean Time (HOT) series for the projectÕs Research Assistant,
Leena Mahdi, and for HemscheidtÕs graduate student, Jim Mitchell. (The HOT program is
funded by NSF.). Dr. Karen Selph, Department of Oceanography with whom we collaborate on
enumeration of marine yeast without cultivation. Dr. Paul Patek, Chair of the Department of
Microbiology is a mentor to the project leader, Stuart Donachie.
Non-formal collaboration outside UH: Dr. Jack Fell at the Rosenstiel School of Marine and
Atmospheric Sciences, University of Miami, assists with identification of yeasts and fungi, and
on description of novel species. Ann Henry, Cancer Research Center of Hawaii receives extracts
of samples prepared by the Hemscheidt lab.
Outside the US: None

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

At University of Hawaii: Dr. Robert Bidigare, Mr. Kevin Kelly
At Kamehameha High School: Dr. Larry Morden and Ms. Laura Duffy
At Diversa Corporation: Dr. Gerardo Toledo, Dr. Cathy Chang, Mr. Leif Christoffersen and Mr.
Eric Mather

Facilities Core:  Culture and Characterization of Marine Microbes

Dr. Susan Wilde, Department of Natural Resources, South Carolina
Dr. Peter Moeller, National Ocean Service, Charleston, South Carolina
Dr. Deborah Mash, Department of Neurology and Molecular & Cellular Pharmacology,
University of Miami
Dr. Sandra Banack, Department of Biology, California State University
Dr. Steven Briggs, Division of Biological Sciences, University of California at San Diego
Dr. Paul Cox, Institute for EthnoMedicine, Utah, USA
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Figure 4. Synergism between the NIEHS/NSF COHH (on the left) and NOAA OHHI (on the
right) research activities.

Project Activities

Overall Program Summary and Administrative Core

The administration took the lead in identifying an external advisory team of scientists that were
both experts in their fields, and available and willing to provide guidance to the PRCMB. Plans
are now in place for the EAC to meet for the first time during the spring of 2006.  The current
EAC consists of Bruce Anderson, Al Dufour, William Fenical, Fred Holland, and Stephen
Ostroff (Table 1).

The administration was also instrumental in facilitating the collaboration of the PRCMB with
LSU and the Miami and Woods Hole OHH centers in responding to the research opportunities
created by hurricane Katrina.  The presence of the PRCMB director at LSU was particularly
helpful in setting up this collaboration and providing logistical support.

Microbe Isolation via
dilution-to-extinction

(D-to-E; Rappé et al., 2002)

Phylogenetic
Analysis

Anti-tumor
Screens

Mass Culture and Harvest

Determination of
Chemical Structure

Microbe Isolation via
massively parallel microbial cultivation

(MPMC; Zengler et al., 2002)

Phylogenetic
Analysis

Anti-bacterial &
Anti-fungal Screens

Seawater Marine Sediments

Hawaiian Cnidarians



Laws, Edward A. COHH OCE04-32479
Pacific Research Center for Marine Biomedicine

17

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

This project has taken advantage of a rare combination of circumstances that allows access to a
set of offshore aquaculture cages moored subsurface about two miles off the island of Oahu.  In
nature, G. toxicus live as part of a complex microbial consortium consisting of bacteria, diatoms,
and other dinoflagellates that grow epiphytically on macroalgae.  The manner in which this
microbial consortium may influence toxic production is a matter of intense speculation. The cage
environments offer access to potentially large amounts of recently collected G. toxicus
populations.  The need to remove large amounts of macroalgae that grow on these cages
provided the opportunity to repeatedly collect substantial quantities of G. toxicus and return them
to the lab for use in laboratory experiments and/or chemical studies. After removal of epiphytic
microalgae from the macroalgae, the material is subjected to size fractionation to isolate the
material containing only G. toxicus to the maximum degree.  This material has then been used
for the following: (a) further isolation of G. toxicus via flow cytometry, (b) genomic analyses to
provide taxonomic census of the G. toxicus consortium recovered, and (c) subsequent chemical
analyses.  Specifically, chemical analyses included: (a) confirmation of toxicity status at time of
collection via the groupÕs two-tiered analytical approach, screening for other bioactive molecules
with specific activities including (b) anti-infective or (c) anti-tumor by the Cancer Research
Center, and (d) further separation and analysis by the NOAA/NOS Hollings laboratory in South
Carolina for their developmental efforts of biotoxin standards.

Sample collection via SCUBA at several sites on both the leeward and windward coasts of the
Big Island of Hawaii has continued on a monthly basis. Past studies have shown that G. toxicus
assemblages are prevalent at these sites, which are environmentally different. The epiphytic
community has been sampled from turf algae for G. toxicus, and additional water samples were
collected for nutrient, physico-chemical, tidal and rainfall data.  These field data are being
analyzed for causal relationships to better understand the dynamics of in-situ toxin production by
G. toxicus.  We also collected one-time samples at fifteen additional sites to better cover West
Hawaii, which is most susceptible to ciguatera.  The data have been annually averaged and
smoothed to minimize noise and facilitate testing for seasonal/cyclical trends associated with G.
toxicus abundance/toxicity. Epiphytic samples (including Gambierdiscus cells) were split into
three fractions (i.e., live, preserved, and toxin).  The live fraction was used to isolate live G.
toxicus cells for culturing purposes.  The preserved fraction was used to monitor numerical
density over time, and the toxin fraction for later toxin analysis to describe toxicity over time.
We also identified the macroalgal species collected to evaluate Gambierdiscus preference for any
macroalgal species as a substrate. This work has produced many new clonal cultures, and these
have been and are being used for laboratory-based environmental studies.

Culturing efforts from samples collected on the Big Island are ongoing.  The macroalgae species
that produces yessotoxin, Coolia sp., had been successfully cultured in-vitro, along with
Sinophysis microcephalus.  Several new Gambierdiscus, Prorocentrum, and Ostreopsis isolates
have also been established in-vitro.  Altogether, approximately 40 dinoflagellate strains have
been successfully established in-vitro at UH Manoa to provide sufficient material for
collaborative toxicity bioassay, genomic, and analytical chemistry experiments.
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Laboratory culture efforts on Oahu have included a number of refined approaches.  Primarily,
clonal isolation approaches have been utilized in an attempt to produce non-axenic isolates of all
the recently collected strains.  Such work with dinoflagellates requires exceptional attention to
cleanliness, media composition, and agitation; these requirements, and others peculiar to G.
toxicus, have presented some special obstacles to continuous culture efforts that demand
uniformly mixed growth chambers.  Local isolates were cultured in media having a higher than
normal N:P ratio under both batch and continuous culture conditions in an effort to evaluate the
capability of this nutrient stress to induce toxicity in G. toxicus.   The toxicity evaluation portions
of these trials are ongoing.  Culture work has also examined the effect of (hypothetical)
autoinducer compounds isolated via C-18 resins from the filtrates of stationary phase G. toxicus
cultures on the promotion of toxicity in low density G. toxicus cultures.  Two of these trials
resulted in the complete death of cultures receiving the compounds.  Later trials showed
evidence of increased toxicity of G. toxicus cells when in the presence of C-18 extracts
containing the hypothetical autoinducer compounds isolated from G. toxicus culture filtrates.
Future work will continue these examinations using lower concentrations of these recovered
hypothetical autoinducer(s). Several experiments altering the culture volume rather than the
numerical density of G. toxicus in aging G. toxicus cultures in high N:P media failed to show
evidence of density-dependent promotion of toxicity.  Culture work on isolates from
collaborative work on the Big Island has shown toxicity via N2a cytotoxicity at approximately
the 1500 cell level.  Further flow cytometry and cell sorting has been utilized as a method to
isolate cultures from offshore Oahu samples. This culture work repeatedly has been plagued by
G. toxicus being taken over by contaminants that were isolated into the same ÔbasketÕ by the flow
cytometer.  Other approaches continue to be pursued (i.e., Diversa Corporation) to allow us to
expediently begin culture work on these recently collected G. toxicus assemblages. A
neuroblastoma cytotoxicity assay was applied to assess CTX in ~200 fish muscle and liver
extracts.

Figure 5.  Ciguatoxin molecule.

The project has established a two-tiered analytical strategy for the analysis of CTX.  This is
intended to provide rapid (preliminary) feedback on the presumptive CTX condition of
experimental and/or field samples and avoid burdening our NOAA/NOS collaboratorÕs facilities
with excessive samples. The first tier has included the development/evaluation of multiple assay
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alternatives to screen samples for evidence of toxicity.  This has involved establishment of the
cytological, absorbance-based N2a assay, the organismic artemia bioassay, the sodium channel
sensitive variation of the absorbance-based N2a assay. We also put considerable developmental
effort into a  fluorescence-based N2a and FT-IR assays that have as yet not proven to be
successful.  Sub-samples of bulk G. toxicus fractions are first evaluated by at least one first-tier
assay to confirm the putative presence of toxic activity in the extract.  With the exception of
control samples, only extracts showing positive toxicity are subsequently subjected to the second
tier of analysis involving the LC/MS/MS/NMR procedures.  Further, this NOAA/NOS-UH
collaboration has allowed for a new LC/MS unit that was recently established at UH for toxicity
studies to be set up using all settings/procedures identical to those used in the NOAA/NOS lab.

We have collected approximately 1000 fish muscle and liver tissue samples from throughout the
Hawaiian Islands (including the Northwest Hawaiian Islands).  Many of these samples have been
pre-screened for toxicity using the N2a and artemia bioassays.  Approximately 200 samples have
also been analyzed by LC/MS-MS at NOAAÕs Hollings Marine Laboratory.  The LC/MS-MS
analyses have confirmed the presence of CTX in samples targeted by the first-tier screening
procedures.  The spectrograms of many of the samples exhibited mass peaks that have tentatively
been identified as a Hawaiian congener of CTX (i.e., HI-CTX), and this effort has validated the
two-tier analytical strategy.

We have begun to determine the FT-IR spectra from polyether family compounds such as
brevetoxin and commercially available ciguatoxin, and okadaic acid standards to evaluate the
efficacy of this procedure to resolve low concentrations of CTX in samples of mixed polyether
compounds, and detection limits for each. Samples collected using a Bruker Tensor 27 have been
analyzed using OPUS software and IR spectral libraries. Cluster analyses are being used on FT-
IR spectra for samples from fish, algae and standard materials.  Cluster analysis algorithms are
being ÒtrainedÓ by the most rigorous analytical method at our disposal, i.e., LC/MS. In addition
to the cell-based N2a assays, direct analytical methods are being developed to rapidly detect both
known and previously unrecognized CTX.  Fourier transform infrared spectroscopy (FT-IR)
instrumentation has been examined under the presumption that CTX congeners will exhibit
congener-specific FT-IR spectra that can be used to detect and differentiate trace amounts of
these compounds in situ.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

The three specific aims of this project are:  Determine the sources, survival and ecology of
microbial pathogens and pathogen indicators in sediments, seafood and water in coastal zones of
the tropics.  Evaluate the use of indigenous mollusks to concentrate and detect pathogens from
tropical coastal waters and the use of culture and molecular methods to measure their presence.
Assess the prevalence of virulence genes within the meta-genome of coastal microbial
communities. The three specific aims of Research Project 2 are being addressed by three defined
sub-projects, each led by a principal investigator of this transdisciplinary team of co-
investigators. A fourth project on watershed impact is also being investigated in this study.

Sub-Project One: Water Quality and Health Effects (R.S. Fujioka)
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S. aureus is a not a fecal borne pathogen, but coastal water transmission of this pathogen is of
greater concern in Hawaii than fecal borne pathogens. Methicillin-resistant S. aureus or MRSA
is a highly resistant pathogenic strain that has caused serious outbreaks and deaths throughout the
world. Tonya Fowler has been the primary researcher for this S. aureus project but recently
graduated with a MasterÕs Degree in Microbiology. Tonya is preparing a paper for publication.
Gayatri Vithanage, a graduate student in microbiology has taken over this research position.
Specific results related to enumeration of  Staphylococcus aureus and MRSA from Coastal
Waters are as follows:

CHROMagarª Staph aureus medium (ChromAgar Microbiology, Paris, France) was shown to
be more effective in recovering S. aureus from coastal water samples than other available media.
In some coastal waters, such as more estuarine water, or when larger volumes (>50 ml) of coastal
water samples are processed, background colonies sometimes interfered with recovery efficiency
of S. aureus on this medium.  For these water samples, better recovery was obtained when
CHROMagarª Staph aureus medium was modified by the addition of 0.0035% sodium azide to
suppress background colonies and glycine (12 g/L), which enhanced the growth of S. aureus
colonies.

A total of 328 colonies recovered from beach water samples were confirmed as S. aureus, and
5.8% were determined to be resistant to oxacillin and therefore are MRSA strains.

S. aureus was isolated more frequently (95%) from water samples and at higher concentrations
(average of 24 CFU/100 ml) from popular beaches with the greatest numbers of swimmers.
These results support the hypothesis that swimmers are the source of S. aureus recovered from
beach-water samples.

MRSA isolates were also recovered more frequently from heavily used beaches.
Characterization of S. aureus and MRSA by virulence genes, PFGE patterns, and ribotyping
methods show great diversity in the strains recovered from coastal waters. These results support
the hypothesis that diverse populations of swimmers are contributing S. aureus in coastal waters.

Jennifer Morita, a faculty member at Kapiolani Community College, collected nasal swabs from
students attending that college to determine the prevalence rate of S. aureus and MRSA among
normal healthy students with no clinical evidence of disease.  Of the 100 student nasal swabs,
she determined that 33 (33%) were culture positive for S. aureus and 3 of the 33 isolates were
resistant to oxacillin and considered MRSA. Thus, 3% of the students were carriers of MRSA.

Steve Seifried attended the 11th International Symposium on Staphylococci and Staphylococal
Infections in Charleston (Oct, 2004) and learned about a new genetic method for characterizing
S. aureus called Spa-typing. The advantage of this method is that it measures genetic sequences
for Protein A, the unique product of all S. aureus, to sensitively differentiate isolates of S. aureus
into clonal types. Specific activities related to Spa typing of S. aureus are as follows.

Steve Seifried has established the Spa-typing method and is systematically characterizing the
three sources of S. aureus isolates: 1) ocean water samples (Fowler/Steward isolates), 2) normal
populations (Morita isolates) and 3) clinical samples (PienÕs isolates).
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Preliminary results demonstrate a surprisingly wide diversity of S. aureus strains recovered from
beach water samples in Hawaii as well as clinical isolates. The diversity appears to be greater
than previously reported from a single location.  Many of the isolates are clone types previously
unreported, and many are MRSA.

Alan Tice has taken the lead in organizing meetings and interacting with scientists locally and
nationally on issues of infectious disease transmission and with particular emphasis on S. aureus
and MRSA infections. Specific activities related to interaction with other scientists are as
follows.

Infectious Diseases: A Course for Clinicians. February 18-20, 2005. Hilton Hawaiian Village
and QueenÕs Conference Center. Alan Tice organized this symposium.  Lectures were presented
by Alan Tice (infectious disease transmission), Roger Fujioka (water-borne diseases), and Alan
Katz (transmission of diseases in the community).

Alan Tice sent Matt Arduino of CDC 30 isolates of S. aureus that were isolated from coastal
waters of Hawaii for comparison to national strains.  Arduino and colleagues at CDC are
preparing a paper on these isolates. The same set of 30 isolates was sent to Hawaii DOH to
perform PAGE analysis.

Alan Tice invited Matt Arduino of CDC to give a PRCMB seminar on August 12, 2005. Matt
gave an overview presentation on environmental and clinical staphylococci.  A workshop was
held with Matt following his seminar. Alan also arranged for a dinner meeting where Matt made
a presentation to Alan TiceÕs staphylococcus group. On August 11, Matt met with David Horio
of the DOH lab in Pearl City, and he also made a presentation to Frank PienÕ s group at St.
Francis West Hospital.

A cell culture bank to store representative isolates so they can be analyzed and compared in
future studies is part of PRCMB. Georgia Tien of PRCMB manages this facility. Specific
activities related to this cell culture bank are as follows.

Steve Seifried and Alan Tice have taken the lead in formalizing the microbial cell bank storage
program for PRCMB. This collection system is called Pacific Microbial Pathogen Collection
(PMPC) of PRCMB.

Steve Seifried is establishing protocol and procedures to annotate and manage the microbial
collection system.

Due to increased workload for cell storage activity, an additional position was created and
funded by the Medical School. Dayna Sato was hired to take on this position.

A problem arose due to insufficient freezer space for the cultures to be stored. Steve Seifried
took the initiative, wrote a grant proposal to INBRE, and was awarded funds ($11,013) to
purchase a large, suitable freezer for the cell bank.
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More than 340 isolates of confirmed S. aureus have been stored in the cell bank. This includes
isolates from ocean samples, from clinical samples, and from healthy individuals.

Unreliability of EPA water quality standards remains a basic problem in Hawaii and other
tropical environments. Data on this subject must be continually presented for community
acceptance with the goal of establishing more reliable standards for Hawaii and other tropical
areas. Specific activities related to unreliability of EPA water quality standards for tropical
environments are as follows.

Roger Fujioka organized a two-part workshop for the Sustainable Beach Conference (St.
Petersburg, Fl/ Oct. 31- Nov. 2. 2005). The title of the first session was, ÒReassessment of beach
monitoring data and health risks to swimmersÓ. The three speakers in this session were R.
Fujioka (University of Hawaii), Helena Solo-Gabriele, (University of Miami) and Gary
Toranzos/ Elia Sanchez (University of Puerto Rico). The title of the second session was,
ÒReassessing the value and limitations of water quality standards and designs of epidemiological
studies to measure health risks for swimmersÓ. The three speakers were Richard Whitman
(USGS), Jay Fleisher, ( NOVA Southeastern University) and Valerie Harwood, (University of
South Florida). This workshop reviewed problems of using fecal indicators based on results from
the Tropical Indicator Workshop completed in Hawaii in 2001 as well as more recent data to
include findings of PRCMB.

C. perfringens was shown to be the first alternative fecal indicator to reliably show when
environmental waters in Hawaii are contaminated with sewage.  C. perfringens standards are
used by Hawaii DOH to open and close beaches.

More recently, data were obtained to show that FRNA coliphages are also reliable fecal
indicators for sewage contamination of HawaiiÕs environmental waters. One limitation of the
FRNA method is the small sample volumes that can be processed. In this regard, we recently
adopted the large sample volume (100-1,000 ml) MPN assay for FRNA coliphages as reported
by Sobsey and Lovelace. Greg Lovelace was invited and presented a PRCMB seminar to discuss
this method on July 11, 2005.  This method is now being used by our project researchers to
analyze water samples and to analyze isognomon samples.

Fecal sterols as a chemical test for presence of sewage was evaluated by Kathleen Brostrom, a
graduate student in the Department of Microbiology in a project funded by USGS and considered
related to this PRCMB project. This test provided additional data that fecal bacteria found in
high concentrations in HawaiiÕs streams are environmental in source and are not from sewage.

Since monitoring HawaiiÕs environmental waters using EPA recommended fecal indicators is not
reliable, the identified need was to develop reliable molecular tests to determine when
environmental waters in Hawaii are contaminated with sewage. Walter Betancourt was hired as
the molecular microbiologist to establish the PCR assay for Bacteroides as the most promising
molecular method to determine the source of fecal contamination. This method was developed
by Dr. Kate Field of Oregon State University, who came to Hawaii to consult with our group and
to present a PRCMB seminar ÒWhoÕs Responsible? Fecal Source Identification in WaterÓ on
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January 11, 2005. Specific activities related to development and application of molecular
methods to detect fecal contamination in HawaiiÕs environmental waters are as follows.

The standard PCR methods for Bacteroides using FieldÕs general and human specific primers
were evaluated. The general primers were determined to be more sensitive but less specific than
the human specific primers.

Monitoring HawaiiÕs water using the general primers for Bacteroides does not appear to be
reliable to detect human sewage contamination.

Monitoring HawaiiÕs water using the human specific primers for Bacteroides appears to reliably
determine when HawaiiÕs environmental waters are contaminated with sewage. However, when
standard PCR is used, the sensitivity of the human specific primers needs to be improved to
become more effective.

The development of Quantitative PCR (QPCR) based on Seurinck et al SYBR green method and
use of  human specific primers, increased the sensitivity and specificity of the Bacteroides assay
to detect sewage in HawaiiÕs environmental waters.

Preliminary data using Bacteroides data support previous conclusions that most of the fecal
indicator bacteria in HawaiiÕs stream are environmental and not from sewage.

Preliminary data on usefulness of the Bacteroides assay method was presented as a poster
(Molecular markers used for tracking sewage contamination in Hawaii) by W. Betancourt and R.
Fujioka at the Annual Biomedical Sciences Symposium, John A. Burns School of Medicine,
Kakaako Campus, April 28, 2005.

More definitive data on the usefulness of Bacteroides was presented as a poster (Bacteroides as
reliable molecular markers of sewage contamination in HawaiiÕs environmental water) by W.
Betancourt and R. Fujioka at the 13th International Symposium on Health-Related Water
Microbiology at Swansea University, Wales  (Sept. 5-9, 2005). Full paper submitted for
publication.

A second gene probe test is being evaluated to determine when water samples are reliably
contaminated with sewage. Enterococci are found in sewage, and EPA has established
recreational water quality standards and risk for sewage-borne diseases among swimmers based
on concentrations of enterococci. Results of recent research indicate that human strains of
enterococci can be characterized with specific genes such as the esp gene, which codes for a
specific surface protein on the cell wall of clinical human isolates of E. faecalis and E. faecium.
Other research reports indicate that enterococci with a virulence gene (efaAfS) for cell wall
adhesions can be used as a molecular marker of human sewage contamination. Specific activities
related to application of characterizing enterococci for the esp gene as a molecular marker of
sewage are as follows.

The PCR test for the esp gene in enterococci has been developed, and enterococci recovered
from sewage have been shown to contain the esp gene. Preliminary evidence indicates that this is
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a reliable test for human sewage.  The limitation of this test is that only a small fraction of
enterococci in sewage carry the esp gene. Moreover, several different primers have been reported
to test for the esp gene.

The PCR test for (efaAfS) gene in enterococci has been developed, and enterococci recovered
from sewage have been shown to contain this gene. More tests are required to determine the
sensitivity and reliability of this PCR test as a specific marker of human sewage.

EPA has invited our laboratory to participate in their round-robin testing using PCR methods for
enterococci.

Vibrio spp are marine bacteria and not considered fecal borne bacteria. Many different Vibrio
species cause many diseases in humans as well as in other aquatic animals (fish, eel, shrimps,
crabs, mollusk, marine mammals). There are twelve species of Vibrio that are pathogenic to
humans. V. cholerae, V. vulnificus and V. parahaemolyticus are the most serious pathogens to
man. In this regard, V. vulnificus infection killed a man swimming in the thermal ponds on the
Big Island, and there have been isolated cases of V. cholerae infection among people in Hawaii
with no known source of infection. Specific activities related to enumeration of Vibrio species
from coastal water samples are as follows.

The CHROMagar Vibrio medium developed by CHROMagar Microbiology was shown to be
superior to the standard vibrio medium (TCBS) in recovering human pathogenic Vibrio spp.
from marine water samples.

The test developed by Gary Richards to detect Vibrio spp using a fluorogenic substrate (L-lysyl-
7- amino-4-trifluoromethylcouramin) was established as a reliable test in our laboratory.

A new, experimental medium specifically to isolate V. vulnificus was obtained from
CHROMagar Microbiology, and this medium is being evaluated.

The current focus of our study is to determine the frequency of isolating the four Vibrio spp (V.
cholerae, V. vulnificus, V. parahaemolyticus, V. alginolyticus) that cause the most serious
infections and also the most common infections in man. Culturable characteristics and molecular
gene probe (PCR) tests are being used to identify these Vibrio spp.

Sub-Project Two: Use of Indigenous Mollusks to Concentrate Human Viruses (P.C. Loh)

Philip Loh previously reported that Isognomon incisum, a mollusk indigenous to Hawaii, will
concentrate human enteric viruses and bacteria from water into its intestine as part of its feeding
process.  Specific activities related to this project are as follows.

Audrey Asahina was hired as the new researcher for this project. She has learned all the basic
methods and procedures to find the sites for isognomon, to collect the samples, to store them in a
flowing water system or in aquarium tanks and to conduct experiments to determine the ability
of isognomon to recover bacteria and viruses from water.
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The collection site with the largest isognomon for experimental use was determined to be on the
eastern coast of Oahu  (Kawaikui Beach area).

MS2 virus, known to be the best surrogate virus for human enteric viruses, was seeded into a
seawater sample and significant concentrations were shown to be concentrated into the tissues of
isognomon within five minutes with maximum levels detected within 1-2 days, followed by a
decrease in MS2 in isognomon tissues during the third day. These results are similar to the
uptake of poliovirus by isognomon reported in original experiments conducted by Loh et al.
many years ago.

P. Loh attended the International Association of Food Protection Conference in Baltimore (Aug.
13-17, 2005) for the purpose of meeting fellow scientists and to learn about the latest methods to
recover pathogenic viruses and bacteria from food and water samples.

P. Loh learned that a new method (Pathatrix) was recently developed by the Matrix Company,
and two scientists presented papers to show that this new method is robust and reliable in the
recovery of human viruses from food and water samples. This technology uses magnetic beads
coated with antibodies for specific bacteria or cationic beads to concentrate human viruses. It
also uses a novel engineering design to maximize contact of beads to recover viruses from food
samples and for the recovery of the beads. Loh has determined that this method promises to be
the most feasible, robust and reliable approach to recover all types of viruses from water,
sediment, seafood and from shellfish tissues when compared with existing methods. Loh plans to
evaluate and  use this method.

P. Loh was invited as a Visiting Scientist to the laboratory of Dr. Gary Richards, head of the
Microbial Food Safety Research Laboratory, USDA, ARS in Dover, DE, for the purpose of
establishing a partnership with this federal shellfish agency and to learn about the methods used
to concentrate viruses from shellfish, food and water from this well established virology
laboratory.

Gary Richards instructed P. Loh on the use of his new rapid and reliable method to detect vibrio
bacteria isolates based on a fluorescence reaction that detects an enzyme (phosphoglucose
isomerase) unique to vibrio bacteria. Loh brought back some of these special reagents, and
Gayatri Vithanage determined that it was positive with her Vibrio isolates. This new method is
now incorporated into the methods for Vibrio identification in our labs.

P. Loh met with David Kingsley, an animal virologist at the Microbial Food Safety Research
Laboratory in Dover and learned that Dr. Herbert Virgin reported the isolation of a new strain of
murine norovirus, which can be plaqued and is genetically similar to human norovirus. Since
human noroviruses cannot be cultured, the feline calicivirus has been the only strain available for
testing by most scientists. Since feline calicivirus is genetically distant from human norovirus,
murine norovirus is now considered a more appropriate surrogate for laboratory assessment of
human norovirus.

P. Loh has contacted and gained the approval of Dr. Herbert Virgin of Washington University,
St. Louis, MO, to obtain murine norovirus for studies to be conducted in Hawaii. In this regard,
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Loh intends to assay water and shellfish samples for various human viruses such as poliovirus,
coxsackievirus, hepatitis A virus, norovirus and adenoviruses.

Sub-Project Three: Prevalence of Virulence Genes (G. Steward)

The ocean environment contains high concentrations of many viruses that infect the numerous
microorganisms (bacteria) in water as well as macro organisms (fish, reptiles, marine mammals).
Most of the viruses in water are bacteriophages, which infect bacteria and have mechanisms of
transferring genes, including virulence genes from one population of bacteria to another. Olivia
Nigro is the graduate student hired to conduct the research for this project and to train other
students who work in the Steward laboratory. Olivia has now been trained in all the methods
used in the Steward laboratory. Specific activities related to this subproject are as follows:

Sixteen isolates of S. aureus recovered by Tonya Fowler were evaluated by the Steward Lab and
assayed for eight known virulence genes (mecA, femA, tst, cna, ica, hlg, sea, sdrE).

Stephanie Stotts, summer intern student for Dr. Steward, was assigned to this project. The results
of this study entitled, ÒVirulence and antibiotic resistance gene combinations among
Staphylococcus aureus isolates from coastal waters of Oahu, HawaiiÓ was published in the
Journal for Young Investigator with Stephanie Stotts as lead author and co-authored by Olivia
Nigro, Tony Fowler, Roger Fujioka, and Grieg Steward.

Grieg Steward presented a PRCMB seminar entitled, ÒSwimming in the gene pool: marine
microbial ecology and human healthÓ. August 6, 2004.

StewardÕs lab initiated a summer 2005 sampling at Kuhio Beach for S. aureus to obtain more
coastal water isolates that could then be characterized for virulence genes and prophages. S.
aureus was found in higher concentrations in beach water closer to shore.

Prophages were detected in all environmental isolates of S. aureus tested. Many isolates
contained all five prophage types, which is more than has been reported for other S. aureus
isolates.

Efforts are ongoing to develop a microarray-based comparative genomic hybridization approach
to characterize diversity among isolates obtained through the pathogen teams various projects.

Sub-Project Four: Impact of Watershed and Ecology of Diseases on Coastal Water Quality (B.
Wilcox)

This sub-project is not defined and funded as a separate project primarily because the principals
and activities are land-based rather than coastal water based. However, it is well known that
watershed characterization, ecology of diseases in land environments and watershed
management affect coastal water quality because land run-off discharges into coastal waters.
This is especially true in Hawaii because of the steep mountain-to-sea catchments, which have
been characterized by ancient Hawaiians as ahupuaa. These clearly defined watersheds funnel
land-based pollution to specific coastal water sites. In addition, the climate, flora, fauna,
geomorphology, and human activities can differ in different watersheds and as a result different
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sources and pollution loads are discharged from these different watersheds into different coastal
water sites. Specific activities related to this subproject are as follows:

Bruce Wilcox presented a PRCMB seminar entitled, ÒEcosystem, Complexity and Emerging
Infectious DiseasesÓ on September 1, 2004 to explain ecology of diseases and the impact of
watershed on coastal water quality.

Bruce Wilcox organized the Emerging Infectious Disease Meeting at the East-West Center from
March 9-13, 2005, which brought together scientists from around the world to discuss emerging
diseases and the ecology and triggers for these diseases in different countries.

Alan Katz presented the June 2005 PRCMB seminar entitled, ÒLeptospirosis in Hawaii, 1974-
1998Ó.

Roger Fujioka and WRRC presented a poster (Investigations into fecal bacteria in Kaelepulu
Pond and Stream) at the Kailua Beach Family Day event (April 19, 2005). This poster displayed
the concentrations of fecal indicator bacteria in Kaelepulu Pond as well as upstream, mid-stream
and downstream sites of Kaelepulu Stream and at Kailua Beach where the Kaelepulu Watershed
discharges its land-based pollution. The results documented the impact of land-based pollution
on coastal water quality.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

Assay Development

MAP kinase

We have continued our efforts to increase sample throughput in our cell-free assays for
modulators of MAPkinase and isoforms of protein kinase C. We evaluated several of the
commercially available assay kits that rely on detection of phosphorylation of model peptides by
an enzyme-linked immunoassay. Eventually we rejected this approach for several reasons. For
one, the signal to noise ratio, defined as the absorbance difference between the positive and the
negative control was low, around 3. This compares unfavorably to a S/N of 8-10 in our Òlow-
throughputÓ radioactive assay. Second, we found unacceptable variation between assay plates
from different batches. Coupled with the relatively high cost of the commercial plates, we
considered these drawbacks unacceptable.

We have now settled on the radioactive assay, which relies on the determination of 32P
incorporation into myelin basic protein (MBP) as a model substrate. In comparison to the
commercial assay kits, this assay is low throughput and relatively labor intensive. However,
throughput can be increased, at least in the screening of crude extracts, by combining several
extracts into one sample and determining enzyme activity in the presence of this Òcombination
sampleÓ. Should such a sample show biological activity in the assay, the individual extracts that
had been combined in the Òcombination sampleÓ are tested individually to identify the active
extract. At a Òhit rateÓ of about 2-5% most samples will turn out to be inactive. Therefore,
throughput can be increased threefold by combining three samples for screening and
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dereplicating active ones. With this approach, the biological assay is no longer the bottleneck for
screening.

Protein kinase C

For protein kinase c we have now also chosen the radioassay format after evaluating commercial
kits similar to the ones discussed above for MAP kinase and encountering basically the same
issues. An additional complication arises from the circumstance that we are not producing our
enzyme in-house as we do for MAPkinase. Commercially available enzymes show rather
variable response to stimulation with phorbolesters, between suppliers and between batches from
one supplier. Since we are interested in finding modulators of PKC activity in both directions,
i.e. activators and inhibitors, this situation is not entirely satisfactory. However, there is a
workaround involving the purchase and assessment of several batches of enzymes and
combining those batches that contain enzyme that can be stimulated and those that cannot. This
is the approach we have chosen, and we have initiated screening of extracts from organisms
provided by the Core.

Screening

Apart from ongoing screening for cytotoxic compounds, 127 extracts have been screened for
stimulatory activity of protein kinase C. Three extracts are deemed positive at this time. One of
these is field-collected material of Gambierdiscus toxicus, of which we have now accumulated
sufficient material to begin fractionation and identification of the active compound(s). For the
other two leads we will have to perform large-scale culture work to amass sufficient quantities of
extract.

Isolation of bioactive compounds

We have isolated two new bioactive lipopeptides, trungamides A (1) and B (2), from a strain of
Lyngbya. The structures are shown below. At the time of this report the stereochemistry of all of
the amino acids in the peptide backbone of both compounds is known and as shown. The relative
stereochemistry of the 3,5-dimethoxy octanoic acid in 1 is known to be syn, but the absolute
configuration is not yet known. We have established an analytical protocol that allows the
separation of the enantiomers after derivatization, and the 3,5-dimethoxy octanoic acid obtained
after hydrolysis of the natural product coelutes with one them.
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The synthesis of the dimethoxy octanoic acid was achieved as shown in Scheme 1.
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Scheme 1.  Synthesis of diastereomers of 3,5-dimethoxyoctanoic acid.

The synthesis of a chiral, non-racemic sample of the para-methoxyphenyl-protected
epoxybutanol is ongoing. With this material in hand we will be able to complete the assignment
of stereochemistry of 1.

Compound 2 also belongs to the class of lipopeptides that is so characteristic of Lyngbya. It has a
fascinating side chain with methyl branching on carbons 5, 9, 13 etc. as a characteristic motif,
which would lead one to believe that this compound might be a terpenoid. However, the
presence of the 3,7,11-polyol functionality suggests that this material is of polyketide origin with
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methyl branching introduced from C-2 of acetate. This biosynthetic process in cyanobacteria has
precedent. To the best of our knowledge compound 2 is the first example where this mechanism
of introduction of methyl branching has been used in such a regular fashion. Previous examples
displaying this kind of branching were restricted to one or a few methyl groups at irregular
intervals within a polyketide chain.
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This side chain presents a serious challenge to established methods of configurational analysis.
We are presently preparing model compounds of shorter length and known relative as well as
absolute configuration to examine the applicability of some of the established methods in the
present structural context.
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As shown in Eqn.1 a compound bearing a hydroxyl group and a methyl in a 1,3-anti fashion can
be prepared as shown from the methacrylic ester of 3-hydroxy-1-hexene by ring-closing
metathesis (RCM) followed by catalytic hydrogenation. We have worked this synthesis out in the
racemic series but a reliable, scalable preparation of a chiral sample of the 3-hydroxy-1-hexene
required has so far eluded us. However, a synthesis of a non-racemic sample of the 1-phenyl
substituted 3-hydroxy-1-hexene has been described recently, and this approach should prove to
be readily adaptable to the chemistry shown in Eqn. 1.

Microcystin HtyHty and HtyY

We were contacted by a limnologist from the limnological field station of the Austrian Academy
of Sciences for help with the structure elucidation of two new microcystins from a unique isolate
of Planktothrix rubescens, a deep-water cyanobacterium. Microcystins are powerful
environmental toxins and hepatotoxins, of great concern in reservoirs of drinking water all over
the world. Only small amounts of these two compounds were available, and our experience with
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and facilities for structure elucidation on microscale were called upon by our Austrian
colleagues.

We have assigned the structures shown below to these two compounds, and a manuscript
detailing the structure elucidation is in preparation.
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Figure 8. Microcystin HtyHty and HtyY structures.

Pilot Project Program Overall

To increase the critical mass of investigators engaged in marine biomedicine, the PRCMB Pilot
Project Program reissued calls for applications in December 2004 and July 2005.  During each
round, four applications were received, and local senior faculty in medicine and oceanography
and outside experts from the External Advisory Committee and other COHH-funded programs
served as reviewers.  Applications conformed to the typical R-series NIH format with budget
justifications.  NIH-type review criteria and priority scoring system were employed.  Funded
projects are summarized below.
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Principal
Investigator

Position and
Affiliation Project Title

Project Period Award
Amount

Paul K. Bienfang,
Ph.D.

Associate
Professor,
Department of
Oceanography,
School of Ocean
and Earth
Science and
Technology

Do Quorum Sensing
Compounds Induce
Production of
Ciguatoxin by the
Gambierdiscus
toxicus Symbiotic
Consortium?

03/01/05-02/28/06 $48,631

Stuart P. Donachie,
Ph.D.

Assistant
Professor,
Department of
Microbiology,
College of
Natural Sciences

Anti-Infectives and
Cytotoxins from
Hawaiian Marine
Fungi and Yeasts

08/15/05-08/14/06 $43,582

Henry G.
Trapido-
Rosenthal, Ph.D.

Researcher,
Department of
Oceanography,
School of Ocean
and Earth
Science and
Technology

Marine Microbial
Diversity in HawaiiÕs
Coastal Waters

08/15/05-08/14/06 $48,759

Pilot project funds will enable the generation of new information about marine microbial
diversity, ciguatera fish poisoning and potentially useful, new pharmaceuticals from marine
fungi.  Particularly noteworthy is that the project on marine microbial diversity engages a
partnership with the private biotechnology sector and provides hands-on field experience for
native Hawaiian students.  Newfound data from these projects will support applications for
specific funding opportunities, such as the NSF Microbial Observatories or Microbial
Interactions and Processes program and the NSF Biodiversity Surveys and Inventories program.

Further requests for pilot project applications will be suspended until June 2006.  Data from the
pilot projects will be presented at the COHH symposium in Seattle in April 2006, as a means of
stimulating inter-center collaborations.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

This Pilot Project examined for evidence that auto-inducer compounds, such as those associated
quorum sensing behaviors in other microorganisms, may be involved with the induction of
ciguatoxin production by the putative dinoflagellate, G. toxicus.  If evident, such information
would help to explain aspects of this ephemeral and apparently density-dependent toxin
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production, and improve understanding of the environmental triggers for the ciguatoxin cycle in
nature.

A system was devised for collecting potentially large amounts of G. toxicus from an offshore
Oahu site and isolating this epiphyte from its macroalgal symbionts and most of its microalgal
neighbors via repeated size fractionation.  The size fraction containing G. toxicus was then
passed through a flow cytometer to further isolate G. toxicus cells from other microalgae. These
efforts were partially successful in that on one occasion recently-collected samples of the G.
toxicus microbial consortium were made available for genomic analysis.  Use of this sample in
subsequent laboratory experiments was repeatedly compromised by microalgal contaminants
which overtook the slowly growing G. toxicus cultures. Though unsuccessful in providing
recently collected specimens for experiments, this collection system has and will continue to be
used to supply large amounts of G. toxicus substrate to the bio-products component of this
COHH.

A set of experiments was designed to examine density-dependent differences in ciguatoxin
production in vitro. This approach employed a modification of continuous culture theory
allowing for separation of growth rate, cell density and substrate availability.  The objective was
to maintain G. toxicus cultures wherein growth was allowed to decline over time with exhaustion
of limiting substrate without a concomitant increase in cell density so that ciguatoxin production
could be compared at various cell densities.  Repeated attempts to perform this experiment were
unsuccessful due to the propensity of G. toxicus to settle and adhere to culture vessel surfaces,
and its inability to tolerate even modest agitation/stirring.  As a result, essential tenets of
continuous culture could not be established, and true variations in density-dependent behavior
could not be evaluated.

A set of trials was designed to look for evidence of density-dependent induction of CTX
production through supplementation of (as yet hypothetical) autoinducer compounds by G.
toxicus.  The quorum sensing phenomenon is achieved through a sophisticated chemical
signaling system for intercellular communication involving the production, release, and detection
of signal molecules called autoinducers.  As a population of quorum sensing microbes grows, the
individual organisms secrete autoinducer molecules into their environment, and thus the
autoinducer concentration is correlated with cell density.  Supernatents were collected from high-
density, ciguatoxin-producing G. toxicus cultures and passed through C-18 resin columns to
isolate the hypothetical autoinducer compounds.  In the attempt to fool cultures into perceiving
the presence of a large number of cells, this hypothetical autoinducer material was then added to
test cultures of G. toxicus and the resultant toxicity compared against controls.  Trials showed
evidence of increased cytotoxicity (i.e., ciguatoxin production) in cultures receiving hypothetical
autoinducer compounds than controls.  Repeats of the experiment replicated this result, and also
showed evidence of additional increases in toxicity under conditions of nutrient stress versus
nutrient sufficiency.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

Samples from which we have cultivated Fungi and yeasts include coastal water and tidal pools,
driftwood, plant material, marine sediment, invertebrates, macroalgal surfaces, seabird guano,
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and mangrove stands. Samples have been collected off OÔahu, KauaÔi, Maui, MolokaÔi, LanaÔi,
and the Big Island. Samples have also been collected from the deep ocean (surface to ~5000 m)
at Station ALOHA, north of OÔahu, and from Ôdeep-seaÕ corals at ~750 feet deep, off east OÔahu.
Fungal and yeast cultures are purified through standard microbiological procedures and archived
at -80¡C. Non-frozen cultures are maintained for screening purposes, and for identification
through DNA sequencing. Over 430 pure cultures have been prepared from samples collected to
date; 18S rDNA sequence data are available for 116 cultures, and purified PCR products from a
further 125 cultures were submitted during preparation of this report. Thus, sequence data will be
available for over one-half of all cultures. Extracts from ~75% of all cultures grown in the
presence of heat-killed pathogens have been screened for secondary metabolite activities. Of
these, ~40% showed some level of antimicrobial activity, and have been selected for further
screening and testing by the Hemscheidt lab, and thereafter by the Cancer Research Center of
HawaiÔi. As of December 2005, 42 highly active samples were grown in 10 liter batches to
provide sufficient material for secondary metabolite structure determinations. Structures thus far
fully determined of the most active molecules showed these molecules already present in the
literature, while the structures of several others remain to be completely resolved. Preliminary
data available for the latter, however, continue to show some novelty. We have begun to prepare
a major summary of 18S rDNA sequence information for our collaborator, Professor Jack Fell.
Professor Fell will then advise on which strains we should focus efforts for descriptions as new
species.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

The objective of this Pilot Project is to complement present and future PRCMB research by
using the tools of microbiology, molecular biology, environmental genomics and educational
outreach to attain the following specific aims.

1. Study the biodiversity of HawaiiÕs coastal marine environments by determining the
taxonomic composition of the microbial populations found therein, using: (a) the
techniques of classical microbiology, coupled to the modern techniques of molecular
taxonomy; and (b) the recently developed techniques of environmental genomics.

2. Determine if the microbial components of the sampled ecosystems contain any members
that might prove to be either deleterious or advantageous to human health.

3. Provide sets of microbial cultures and environmental genomic libraries that can be used
as resources in subsequent research programs designed to assess the relationship of
marine ecosystems to human health.

4. Develop a cohort of highly trained young Hawaiian biological scientists by incorporating
faculty and students of Kamehameha High School into this project's research team, thus
enabling them  to learn the concepts, techniques, risks and benefits associated with
applying biotechnology to the study of Hawaii's biodiversity.

Project activities began on January 9th and 10th, 2006, with a Marine Biodiversity Symposium
held at Kamehameha High School. Participants included Hank Trapido-Rosenthal, Robert
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Bidigare, and Kevin Kelly, from PRCMB, Eric Mathur and Leif Christoffersen from Diversa
Corporation, and Laura Duffy and approximately 50 junior and senior level marine science
students from Kamehameha High School. During the 4th quarter of 2005, time was spent
preparing for and scheduling this symposium, and preparing for subsequent environmental
sampling activities.

Facilities Core:  Culture and Characterization of Marine Microbes

Isolation of Marine Bacteria - For the portion of the facilities core component centered at the
Hawaii Institute of Marine Biology, the majority of our effort during the previous year has
focused on utilizing our newly renovated facility for the isolation of marine microbes.  The
facility was renovated as described in the previous annual report and has become the central
location for all live microbial procedures.  Procedures currently being performed in the facility
include sterilization via acid washing of all live ware containers and materials, media preparation
for both initial cultivations and large volume growth experiments, inoculation and incubation of
cultures, and preparation of cultures for cryopreservation.

A total of 80 microbial strains were delivered to the PRCMB team in March 2005.  These
isolates were derived from marine plankton samples taken from surface waters of Kaneohe Bay
in October 2003, November 2003, and September 2004.  This batch of strains was isolated on
high nutrient marine agar media. High-throughput (HTP) cultivation experiments were
conducted during two research cruises to the lee of Hawaii in November 2004 and March 2005.
From a series of thirteen experiments involving various combinations of inocula and media
types, 477 putative bacterial cultures were obtained and stored via cryopreservation.  A novel
screening technique involving several custom-designed cell array manifolds and a newly
purchased Leica DM5000B digital microscope were used to screen the preliminary incubations
for growth.  Of the 477 putative strains, 392 were isolated from inside a cyclonic cold-core eddy
feature, while the remaining 85 were obtained from open ocean waters outside of any detectable
eddy features.  Seawater used for both the media and the inocula were taken from a depth range
of 25 to 500 m.  Mixed media were also created for three experiments by combining sterilized
water taken from two distinct depths.  All media types were prepared via filtration and
microwave sterilization of sample water, with minor nutrient additions including nitrogen,
phosphorus, and lmw concentrations of several carbon sources.  All inoculations were made into
media prepared from the same water sample, creating growth conditions that highly resembled
the natural environment of these organisms and increased the chance of isolating novel microbes.
The percentage of positive cultures in each experiment ranged from 2.08% to 46.9% depending
on media and inoculum type, with an average of 20.13%. Of the 392 positive cultures obtained
from inside a cyclonic cold core eddy at various depths in November 2004 and March 2005, 199
have been characterized via terminal restriction fragment length polymorphism.  Of the 199
cultures characterized by TRFLP 68 appear to be pure isolates prior to any sub culturing, and
they have been further characterized by sequence analysis of the 16S rRNA gene.

In May 2005, a high-throughput extinction culturing experiment was set up from Kaneohe Bay
seawater.  Three media types were prepared from Kaneohe Bay seawater: (1) Nitrogen +
Phosphorus, (2) Nitrogen + Phosphorus + Mixed Organics, and (3) Urea + Phosphorus + DMSP.
Based on direct counts using an epifluorescence microscope, one plate of each medium type was
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inoculated with 1, 3, and 5 cells/ml.  The plates were incubated at 27oC on a 12hr/12hr light/dark
cycle.  After a minimum of three weeks, plates were screened for cell growth.  Table 5 contains a
summary of positive well growth. From this experiment, 482 putative cultures have been
cryopreserved in glycerol.  Some of the glycerol stocks are replicates, as some wells were sub-
cultured and preserved again.

Table 5. Summary of the positive well growth high-throughput extinction experiment.

Growth Conditions No. positive wells No. total wells % positive wells
By Media Type
NP 113 288 39.2
NPC 177 288 61.5
UPD 144 288 50
By Site
South Bay (Inside Bay) 205 432 47.5
North Bay (Outside Bay) 229 432 53
By Inoculum Size
1 cell/ml 144 288 50
3 cells/ml 160 288 55.6
5 cells/ml 130 288 45.1
Total 434 864 50.2

In July 2005, HTP extinction culturing techniques were used to culture bacterioplankton from the
estuary where Kaneohe Stream enters Kaneohe Bay.  Water for media was collected from each
side of the Kaneohe Bay and stream estuary interface at salinities of 35 and 1 psu.  Three media
types were prepared from Kaneohe Bay seawater: (1) seawater of salinity 35 psu, (2) seawater of
salinity 1 psu, and (3) seawater media resulting from the mix of 1 and 35 psu sterile seawater
stocks.  Based on direct counts using an epifluorescence microscope, three plates of each
medium type were inoculated with 8 cells/ml, using native microbial communities found at 35,
16, and 1 psu salinity as inocula.  The plates were incubated at 27oC on a 12hr/12hr light/dark
cycle.  After a minimum of three weeks, plates were screened for cell growth.  A total of 327
putative isolates were obtained in this experiment and are now in the queue for characterization.

Isolation of Marine Microalgae - The first part of the year was spent acquiring and assembling an
inverted epifluorescence microscope and camera system for the identification and documentation
of isolated microalgae species.  In March 2005, onboard a NSF-sponsored oceanographic cruise
through a cold-core cyclonic eddy in the lee of Hawaii, seawater was collected from the depths
of greatest microalgal biomass and enriched with nutrients to promote the growth of existing and
representative cells.  Back in the laboratory, single diatom cells were manually picked from the
enriched water and over 30 different diatom isolates, representative of the dominant species in
the eddy, are in culture.  After three successful transfers, we have begun to grow the first of these
cultures up to volume for an initial screening.  An additional 7 cultures have been isolated from
plankton tows at offshore aquaculture cages, and additional tow material from this unique
environment will be available periodically for additional isolations.  To date, we have been
isolating strains that grow well in the common and easily prepared d/2 medium.  June and July
2005 were spent preparing stock solutions and making up 12 additional varieties of culture media
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for the isolation of cyanobacteria and other algal strains with differing nutrient requirements.  As
a result, we are now better equipped to isolate a greater diversity of algal strains. With the
current 37+ isolates and additional media preparations, we are on target for our estimated
contribution of 50 strains per year.

Project Findings

Overall Program Summary and Administrative Core

No findings to report at this time.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

This effort continues to build a comprehensive environmental database to better elucidate
relationship(s) between a variety of environmental variables and G. toxicus abundance and/or
toxicity.  Successful elucidation of such key environmental factors will lead to improved
strategies to predict, control and potentially prevent harmful algal blooms and outbreaks of
ciguatera fish poisoning.

Verification of the two-tier CTX analytical strategy, and particularly components of the first tier
screening phase represent an important step in the analytical tools needed to clearly and
expediently perform the various experiments required by this effort to understand physiological
causation of toxicity through environmental forcing functions.  The transfer of this analytical
capability to UH-Manoa significantly augments the analytical capability and through-put speed
available to this research.

Findings from this work with Hawaiian fishes, which showed approximately 11% to be CTX-
positive, will allow identification of common ciguatoxin congeners present in the Hawaiian
Archipelago by resolution of three questions:  a) What are the major/common congeners present
in Hawaiian coastal fishes?; b) Do the common congeners differ by trophic level (i.e. herbivore
vs. carnivore)?;  and c) which congener(s) are possible ÔindicatorÕ congeners of ciguatera?  From
this yearÕs results, it appears that fish collected from Hawaii represent a unique CTX congener,
termed H-CTX.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Sub-Project One: Water Quality and Health Effects (R.S. Fujioka)

The following conclusions were reached regarding studies involving recovery of S. aureus from
beach water samples 1) The CHROMagarª Staph aureus medium (ChromAgar Microbiology,
Paris, France) was modified and shown to be more effective in recovering S. aureus from coastal
water samples than other available media. 2) Using this method, a total of 328 colonies
recovered from beach water samples were confirmed as S. aureus, and 5.8% were determined to
be resistant to oxacillin and therefore are MRSA strains. 3) S. aureus was isolated more
frequently (95%) from water samples and at higher concentrations (average of 24 CFU/100 ml)
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from popular beaches with the greatest numbers of swimmers. These results support the
hypothesis that swimmers are the source of S. aureus recovered from beach-water samples. 4)
MRSA isolates were also recovered more frequently from heavily used beaches. These results
show that MRSA can be recovered from beach water samples. 5) Characterization of S. aureus
and MRSA by virulence genes, PFGE patterns, and ribotyping methods show great diversity in
the strains recovered from coastal waters. These results support the hypothesis that diverse
populations of swimmers are contributing S. aureus in coastal waters. 6) The prevalence rates of
S. aureus and MRSA among normal healthy students were determined by testing nasal samples
from 100 college students. Of the 100 student nasal swabs, 33 (33%) were culture positive for S.
aureus and 3 of the 33 isolates were resistant to oxacillin and considered MRSA. Thus, 3% of
the students were carriers of MRSA. 7) Steve Seifried has established the Spa-typing method and
is systematically characterizing the three sources of S. aureus isolates (ocean water samples,
normal human subjects, clinical samples). Preliminary results demonstrate a surprisingly wide
diversity of S. aureus strains recovered from beach water samples in Hawaii as well as clinical
isolates.

The following conclusions were reached regarding studies on finding alternative, more reliable
indicators of fecal contamination for tropical waters. 1) The large sample volume (100-1,000 ml)
MPN assay for FRNA coliphages was established to recover FRNA coliphages from
environmental waters, and results indicate that this assay will provide reliable data related to
sewage contamination. 2) Fecal sterols as a chemical test for presence of sewage was evaluated
as an independent monitoring method. The results of this method provided additional data that
fecal bacteria found in high concentrations in HawaiiÕs streams are environmental in source and
are not from sewage.

The following conclusions were reached regarding studies involving use of molecular methods
such as monitoring for Bacteroides in water or the esp and efaAfS genes in enterococci as
markers of human contamination.  1) Using standard PCR methods for Bacteroides, the primers
to detect general contamination were determined to be more sensitive but less specific than the
human specific primers. 2) Using standard PCR methods for Bacteroides, the primers to detect
human specific genes were determined to be more specific to detect human contamination but
the test was too insensitive. 3) Using Quantitative PCR (QPCR) and human specific primers
increased the sensitivity of the test to detect sewage in HawaiiÕs environmental waters. 4)
Preliminary data using Bacteroides data support previous conclusions that most of the fecal
indicator bacteria in HawaiiÕs stream are environmental and not from sewage.  5) The PCR test
for the esp gene in enterococci has been developed, and enterococci recovered from sewage have
been shown to contain the esp gene. Preliminary evidence indicates that esp gene in enterococci
is a reliable test for human sewage. 6) The PCR test for the (efaAfS) gene in enterococci has been
developed and the (efaAfS) gene in enterococci recovered from sewage and from other
environmental water samples have been detected. More tests are required to determine the
sensitivity and reliability of this PCR test as a specific marker of human sewage.

The following conclusions were reached regarding studies to recover the four species of Vibrio
(V. cholerae, V. vulnificus, V. parahaemolyticus. V. alginolyticus ) that are pathogenic to humans
from marine water sites.  1) The CHROMagar Vibrio medium developed by CHROMagar
Microbiology was shown to be superior to the standard vibrio medium (TCBS) in recovering
human pathogenic Vibrio spp. from marine water samples. 2) The test developed by Gary
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Richards to detect Vibrio spp using a fluorogenic substrate (L-lysyl-7- amino-4-
trifluoromethylcouramin) was established as an alternative test for Vibrio spp.  3) All four
species of Vibrio have been recovered from marine water sites. 4) Vibrio species have been
confirmed using PCR methods.

Sub-Project Two: Use of Indigenous Mollusks to Concentrate Human Viruses (P.C. Loh)

The following conclusions were reached regarding this sub-project. 1) The collection site with
the largest isognomon for experimental use was determined to be on the eastern coast of Oahu
(Kawaikui Beach area). 2) After collection, Isognomon samples were successfully stored at
Kewalo marine laboratory until ready for experiment. 3) Isognomon was shown to naturally
concentrate bacteria and viruses from water samples. 4) Uptake of MS2 (bacterial virus) by
Isognomon was shown to be similar to uptake of poliovirus (human virus). 5) Survival
characteristics of the MS2 virus in marine waters were shown to differ from survival
characteristics of polioviruses. These results indicate that caution should be used in interpreting
data based on recovering bacterial viruses as applied to human viruses. 6) Based on clinical data,
it was concluded that norovirus is the most likely pathogenic virus in marine waters to infect
humans. Therefore tests for norovirus are being developed.

Sub-Project Three: Prevalence of Virulence Genes (G. Steward)

The following conclusions were reached regarding this sub-project. 1) The ocean environment
contains high concentrations of many viruses that infect the numerous microorganisms (bacteria)
in water as well as macro organisms (fish, reptiles, marine mammals). 2) Most of the viruses in
water are bacteriophages, which infect bacteria, and bacteriophages are known to have
mechanisms of transferring genes, including virulence genes from one population of bacteria to
another. 3) Sixteen isolates of S. aureus recovered from ocean water were determined to carry
one or more of the following eight known virulence genes (mecA, femA, tst, cna, ica, hlg, sea,
sdrE). 4) Prophages were detected in all environmental isolates of S. aureus tested. Many
isolates contained all five prophage types, which is more than has been reported for other S.
aureus isolates. 5) Documentation of prophages in S. aureus recovered from ocean samples
indicates that these viable, environmental isolates of S. aureus have potential mechanisms to
transfer genes. 6) Preliminary data indicate that development of a microarray-based comparative
genomic hybridization method is feasible and will be used to characterize diversity among
isolates of Staphylococcus and Vibrio spp recovered from environmental and clinical samples.

Sub-Project Four: Impact of Watershed and Ecology of Diseases on Coastal Water Quality (B.
Wilcox)

No findings to report at this time.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No findings to report at this time.
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Pilot Project Program Overall

Findings from each PRCMB-supported pilot project are summarized below.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Work under this Pilot program has shown the efficacy of a system to collect substantial amounts
of ciguatoxin-containing materials and microorganisms from nature; this is finding usefulness in
providing substrate to marine bioproducts investigations.  The in vitro work uncovered some
evidence for quorum sensing behavior in the dynamic of ciguatoxin production by the
dinoflagellate G. toxicus.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

Repeat collections at the same sites separated by up to one year have isolated different Fungi and
yeast. The littoral and sub-littoral mycoflora still differ phylogenetically from that in deep
(Station ALOHA), but different mycoflora were present where the repeat samplings were
conducted. This finding is important since it indicates the Hawaiian marine mycoflora is variable
in terms of species composition (of culturable strains); it also shows that repeat sampling is an
effective way to expand diversity within the collection. In terms of samples collected from
coastal sites, the most abundant Fungi and yeast are associated with driftwood or plant material,
while few such taxa are isolated from sediment. Taxa that most commonly express the highest
antimicrobial activities include putative Candida spp. and Aspergillus spp. These are
acknowledged sources of unique and potent secondary metabolites. Our initial findings based on
analysis of the sequence data for 116 pure cultures sequenced to date, suggest the presence in our
collection of at least 60 different species. This will surely expand once our current sequencing
work (125 samples) is completed.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

No findings to report at this time.

Facilities Core:  Culture and Characterization of Marine Microbes

Cyanobacteria produce a variety of unusual compounds, some of which have implications for
human health.  The unusual non-protein amino acid b-N-methylamino-L-alanine (BMAA), once
known only from cycads (and linked to neurodegenerative disease among the indigenous
Chamorro people of Guam) is produced by cyanobacterial root symbionts of the genus Nostoc.
Recent scientific collaborations with Dr. Paul Cox (Institute for EthnoMedicine), involving
PRCMB and other cyanobacterial isolates, revealed that 95% of genera (representing all five
cyanobacteria morphotypes) produce the neurotoxic amino acid BMAA (Cox et al., 2005).

During a recent Òcollaborative visitÓ to the Hollings Marine Laboratory (Charleston, SC) in April
2005, director Dr. Fred Holland gave Dr. Bidigare a facility tour. During the tour, Dr. Holland
described ongoing avian vacuolar myelinopathy (AVM) research activities and reported that the
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cause for the increase in bald eagle deaths during the last decade was an unsolved mystery. After
hearing that the eagles died of a neurological disorder, Dr. Bidigare asked to be introduced to Dr.
Susan Wilde (SC Department of Natural Resources), the researcher in charge of the AVM
project. After discussing the details of her research, Dr. Bidigare suggested that BMAA
poisoning might be a potential cause of AVM among waterfowl in the southeastern United
States. Samples were subsequently sent to BidigareÕs collaborators, Drs. Sandra Banack
(California State University) and Paul Cox, for screening for BMAA by LC/MS analysis. The
following results were obtained:  Hydrilla without the Stigonematales epiphyte (negative),
Hydrilla with the Stigonematales epiphyte (positive), and Stigonematales culture (positive).
While these data document that BMAA can be present in the primary producers found in wetland
ecosystems of the southeastern United States, they do not prove that BMAA is the cause of
AVM in these habitats. Bidigare is pursuing funding in collaboration with Drs. Deborah Mash
(University of Miami) and Steven Briggs (University of California at San Diego) from the NIH
to follow up on this important and interesting research avenue.

Project Training and Development

Overall Program Summary and Administrative Core

No training and development activities to report at this time.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

Development of more sensitive and accurate methods for measuring ciguatoxin, and application
of the two-tier analytical strategy has clearly helped to extend the analytical skills of the students,
technicians and institutions involved with this project.  Statistical analysis of the field data has
underscored the need for an experimental design that includes sufficient replication to allow for
robust hypothesis testing.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Tonya Fowler.  R. Fujioka directed the research of T. Fowler, who started on the PRCMB project
and graduated with a masterÕs degree in microbiology in May of 2005. TonyaÕs training resulted
in writing of her thesis entitled, ÒDevelopment of methods using ChromAgar media to determine
the prevalence of S. aureus and MRSA in Hawaiian Marine Recreational WatersÓ.  Her research
paper entitled, ÒDiversity of S. aureus strains recovered from beach water suggests swimmers as
source of water contaminationÓ by R. Fujioka, T. Fowler and A. Tice  was presented as poster at
ASM annual meeting in Atlanta, Ga (June 5-9, 2005).

In July of 2005, Gayatri Vithanage took the position vacated by Tonya and is the new graduate
student working on the PRCMB project.

Walter Betancourt is the research molecular microbiologist on the PRCMB project. His research
has resulted in the presentations of his poster by W. Betancourt and R. Fujioka. 2005.  entitled,
ÒBacteroides as reliable molecular markers of sewage contamination in HawaiiÕs environmental
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waterÓ. It was presented as  Poster 15. Abstract in Section 5 (pg 10) of 13th International
Symposium on Health-Related Water Microbiology at Swansea University, Wales  (Sept. 5-9,
2005). Full paper submitted for publication.

Kathleen Brostrom. R. Fujioka directed the research of Kathleen who worked on a cooperative
PRCMB project that was funded by the USGS. She earned her masterÕs degree in Microbiology
and graduated in August of 2005. Her thesis was entitled, ÒAre fecal sterols a possible alternative
indicator of human waste contamination in Hawaiian recreational waters?Ó Kathleen is now in a
Ph.D. program at University of Colorado.

Olivia Nigro is a graduate student (Ph. D. candidate) being trained by Dr. Grieg Steward

Michael Workman is the summer 2005 REU student trained by Dr. Grieg Steward.

Alexander Marckscheffel: visiting student intern from Germany being trained by Dr. Grieg
Steward.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

Two undergraduate students have worked on this project. One of these was funded through
participation in the chemistry departmentÕs REU program, while the second one came to us
through the national student exchange program from Utah State University.

A post-graduate student also worked on the project for about a year and has just started her
graduate education at UCLA. The choice by this student of pursuing graduate studies in
chemistry was significantly influenced by her work as a post-graduate student in our laboratory.

Pilot Project Program Overall

Training activities of technical staff engaged in pilot projects are presented below.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Two technical staff were trained in procedures of cytotoxicity assessment using the N2a
neuroblastoma assays, as well as procedures for algal size fractionation and culture maintenance.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

Leena Mahdi (Research Assistant) collected a second set of samples from Station ALOHA, 60
miles north of OÔahu during the summer of 2005, and is scheduled to collect on several more
(and consecutive) cruises in 2006. Since our last report, Ms. Mahdi has traveled, usually
independently, around MolokaÔi, LanaÔi, KauaÔi, the Big Island, OÔahu, and Maui. She aims to
collect samples during different seasons at the same locations, and to sample as much as possible
of the ÔcircumferenceÕ of each island. Future collection trips are scheduled to cover locations
missed during earlier trips, and to provide repeat samples from previously visited sites for
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comparative purposes. In 2006, Ms. Mahdi will travel to Palmyra Atoll, extending the range of
this project another one thousand miles south. Proposals are currently being prepared to gain
access to KahoÔolawe, Kalaupapa, and the Northwestern Hawaiian Islands. Ms. Mahdi has also
begun work with Dr. Karen Selph (UH, SOEST) on enumerating live and dead yeast cells by
flow cytometry. This has thus far proven difficult, since current techniques were not designed for
use with yeast cells in seawater. Ms. Mahdi aims to optimize the current technology, however,
since it could shed light on just what fraction of the marine yeast flora we are able to cultivate, or
indeed, have been cultivating. We hope that by optimizing and thus simplifying this approach,
we will increase the communityÕs interest in the marine mycoflora around the world.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

The training and development outputs of the project will occur in 2006.

Facilities Core:  Culture and Characterization of Marine Microbes

Amy Apprill and Sara Yeo (UH graduate students) have learned to perform a number of state-of-
the-art microbiological and molecular biological techniques, include the Òdilution-to-extinctionÓ
method for isolating and cultivating elusive marine microbes.

Project Outreach Activities

Overall Program Summary and Administrative Core

PRCMB Research Seminar Series.  The PRCMB Research Seminar Series was launched in June
2004.  Monthly seminars, held in the Biomedical Sciences Building, the Marine Science
Building or the Pacific Ocean Science and Technology (POST) Building, have been well
attended, drawing audiences of 50 or more faculty, postdoctoral fellows and graduate students
from the biomedical and ocean sciences, as well as other units across the Manoa campus.  The
overall interest has been very high.  Many attendees have remained after the seminar to further
interact with the speaker and other colleagues over light refreshments.

Table 6 shows a list of the seminars presented in 2005.

Table 6.  PRCMB Seminars Given in 2005
Month Speaker Seminar Title
January Katharine G. Field, Ph.D.

Associate Professor
Department of Microbiology
Oregon State University

WhoÕs Responsible?  Fecal Source
Identification in Water

February Neal A. Palafox, M.D., M.P.H. Ciguatera: Clinical Syndrome and
Epidemiology

March Alfred P. Dufour, Ph.D. Water Quality and Swimming-Associated
Health Effects

May Stuart P. Donachie, Ph.D.
Assistant Professor

Anti-infectives and Cytotoxins from Hawaiian
Marine Mycoflora
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Department of Microbiology
University of Hawaii

June Alan Katz, M.D. Leptospirosis in Hawaii, 1974-1998
July Greg Lovelace

Environmental Biologist/Lab
Research Specialist
Department of Environmental
Sciences and Engineering
University of N. Carolina

Susan Lovelace
Education Coordinator
Oceans and Human Health
Hollings Marine Laboratory
Charleston, N. Carolina

New Indicator Methods for Virus Detection in
Coastal Waters and Shellfish

The NOAA Center of Excellence for Oceans
and Human Health at the Hollings Marine
Laboratory

August
Matthew J. Arduino, M.S.,
Ph.D.
Centers for Disease Control &
Prevention
Division of Healthcare Quality
Promotion and Infection
Prevention

Staphylococcus aureus in the Community Ð
CDC Perspective

November Edward A. Laws, Ph.D. Public Health Issues Associated with
Hurricanes Katrina and Rita

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

Program personnel gave a presentation to the MSURF group at the University of Hawaii.
Together with its financial support of a minority MSURF (Marine Science Undergraduate
Research Fellowship) student, the program-directed mentoring of that student developed training
in an Artemia bioassay procedure.  Application of that procedure to fish and algal samples
showed the method to convey sufficient usefulness to be included as a component of the tier-one
screening methods.  Moreover, training of this bioassay was done with outside communications
to allow its adoption and application by high school and undergraduate curricula throughout the
country as a tractable and expedient means of assessing biotoxicity.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Walter Betancourt of PRCMB and Kathleen Brostrom of WRRC assisted the City and County
(CCH) of Honolulu during an accidental sewage spill into Waiawa Stream that flowed into Pearl
Harbor on January 21, 2005. By analyzing stream and harbor water samples for fecal sterols as
well as FRNA and bacteroides, the PRCMB team provided data to CCH regarding the extent of
the contamination at that site.
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The microbial team of PRCMB worked cooperatively with the Kailua Beach Family Day event
(April 19, 2005) by monitoring and presenting a poster for that event. The team of PRCMB
microbiologists was at the poster for six hours to answer questions and explain the results to the
public. This poster displayed the concentrations of fecal indicator bacteria in Kaelepulu Pond as
well as upstream, mid-stream and downstream sites of Kaelepulu Stream and at Kailua Beach
where the Kaelepulu Watershed discharges its land-based pollution. The results documented the
impact of land-based pollution on coastal water quality.

In response to the EPA cesspool ban and request by Gilbert Fooks, representing the Waialua
community, the microbial team of PRCMB analyzed cesspool waste obtained from Gilbert
FookÕs home and his daughterÕs home located next to the beach sites as well as samples of
coastal waters adjacent to his home on July 18, 2005. The results of our analysis showed that the
coastal water was not being contaminated with the cesspool waste.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No outreach activities to report at this time.

Pilot Project Program Overall

Outreach activities for PRCMB-supported pilot projects are provided below.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

This project supported mentoring of an MSURF student, Ms. M. Copeland, during the summer
of 2005.  This undergraduate student was taught an Artemia bioassay for biotoxin assessment,
and performed experiments on both fish and algae that compared results from that assays with
those from N2a neuroblastoma assays

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

Ms. Mahdi presented results from this project in a talk at the American Society for
MicrobiologyÕs HawaiÔi branch meeting in 2005. Dr. Donachie presented details of the project
during an invited talk at the Technical University of Lodz (Poland) in June 2005. He also gave a
presentation at the 2006 Pacific Rim Summit on Industrial Biotechnology and Bioenergy in
Honolulu, HawaiÔi (1/11/06), and was a panelist and discussion moderator in the session that
followed.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

Outreach Activities, which are to be a major output of the project, will take place during 2006.
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Facilities Core:  Culture and Characterization of Marine Microbes

In order to increase public understanding of marine biotechnology and its implications for human
health, Dr. Bidigare gave the following presentations:

Bidigare, R. R. Search for novel lead compounds in diverse assemblages of marine microbes.
Pacific Rim Summit on Industrial Biotechnology and Bioenergy, 11-13 January 2006
(Honolulu).

Bidigare, R. R. Marine biotechnology in academic research and education. Kamehameha
Schools, 10 January 2006 (Honolulu, INVITED).

Bidigare, R. R. Cyanobacteria and BMAA in aquatic ecosystems. The E. O. Wilson Biodiversity
Foundation, 3 November 2005 (San Diego, INVITED).

Bidigare, R. R. Search for novel lead compounds in diverse assemblages of marine microbes.
Centre de Recherche sur les Biotechnologies Marines, 19 October 2005 (Rimouski, INVITED).

Bidigare, R. R. Cyanobacteria and BMAA in aquatic ecosystems. BMAA: Cyanobacteria,
Ecosystems, and Human Health, Institute for EthnoMedicine, 11-14 October 2005 (Jackson
Hole, INVITED).

Toledo, G., C. Chang, L. Christoffersen, E. Mathur, J. M. Short and R. R. Bidigare. Products
from the uncultured majority. Society for Industrial Microbiology annual meeting, 21-25 August
2005 (Chicago).

Bidigare, R. R. Search for novel lead compounds in diverse assemblages of marine microbes.
World Congress on Industrial Biotechnology and Bioprocessing, 20-22 April 2005 (Orlando).

Project Contributions

Overall Program Summary and Administrative Core

Project contributions are mentioned in their associated projects.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

To briefly summarize the text above, the development of sensitive and accurate analytical
methods for measuring ciguatoxin and an understanding of the mechanisms that trigger
ciguatoxin production are key elements in the advancing our understanding of this complex
problem.  We feel that we have made significant progress on both fronts.  In particular, we feel
that the two-tiered analytical strategy developed within this project overcomes significant
limitations, and may well find broad application to CTX studies elsewhere.
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Research Project 2: Microbial Pathogens in Tropical Coastal Waters

The significant contributions of Project 2 of PRCMB is that it is the only Center for Ocean and
Human Health (COHH) located in the tropical region of the world and its experimental design
will focus on understanding the principles of microbial ecology and environmental ecology to
establish water quality guidelines and standards that are appropriate and reliable for tropical
environments. In this regard, Project 2 recognizes that the current water quality guidelines and
standards are not appropriate for tropical environments and that the primary responsible agencies
(USEPA, WHO) are not addressing this problem. Project 2 recognizes that the principles of
microbial ecology and environmental ecology play a bigger role in the survival and population
diversity of pathogenic and non-pathogenic microorganisms in tropical environments than in
temperate regions of the world. The principal investigators and co-investigators of Project 2
recognize their responsibilities to design experiments and obtain data that will provide reliable
water quality guidelines and standards for oceans and human health effects relevant to the
tropical region of the world.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No project contributions to report at this time.

Pilot Project Program Overall

Project contributions are summarized under each pilot project supported by the PRCMB.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

No project contributions to report at this time.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

The marine mycoflora globally continues to be largely overlooked both in terms of its role in the
marine ecosystem, and as a source of novel metabolites. That this is the case was underscored in
a recent report from the American Academy of Microbiology, entitled "Marine Microbial
Diversity: The Key to Earth's Habitability" (Hunter-Cevera J, Karl D & Buckley M, 2005). As one
would expect, prokaryotes featured prominently in this report, but throughout its 28 pages there
was no mention of Fungi or yeasts. The term ÔeukaryoteÕ was also absent, although one cannot
deny the presence in the ocean of abundant eukaryotic microbes. ÔMacroalgaeÕ, however, were
listed as a factor that Ôimpact(s) marine microbial diversityÕ. The report acknowledges that
Ò[Marine] Invertebrates... may also enjoy the benefits of bioactive compounds microbes may
produce to prevent biofouling or to ward off predators,Ó but the nature of the ÔmicrobesÕ involved
was not described. There is a clear need to investigate and publicize both the presence and the
diversity of the marine mycoflora. In this respect, our isolations of Fungi and yeasts from the
5000 m water column at Station ALOHA are the first at that site. With data from two cruises
thus far, and several more planned, we hope to shed some light on this part of the microbial
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community in the Sub-tropical North pacific Gyre, and of course continue to screen them for
secondary metabolites.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

Project Contributions, as described in Project Activities, above, will be made during 2006. The
first of these, an audio-visual documentation of the January 9-10, 2006 Marine Biodiversity
Symposium presentations, will be available by the end of January, 2006.

Facilities Core:  Culture and Characterization of Marine Microbes

No project contributions to report at this time.

Contributions to Principal Discipline

Overall Program Summary and Administrative Core

Contributions to principal discipline are mentioned in their associated projects.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

Research has tentatively identified a unique CTX congener, termed H-CTX, in the Hawaiian
fish; this has a slightly different molecular weight than the CTX commonly referred to as P-
CTX.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

A major contribution of this research project to the discipline of water quality is to show that the
principles of microbial ecology, will determine which microorganisms will grow and survive in
any given environment and when the environment changes, the microbial populations may also
change. Thus, the principles of microbial ecology must be understood and included in
understanding water quality and must be incorporated in establishing reliable water quality
standards for tropical regions such as HawaiÕi. The problem is that the  principles of microbial
ecology have been ignored by the EPA in establishing current hygienic water quality standards
based on concentrations of fecal indicator bacteria such as fecal coliform, E. coli and
enterococci. In this regard, the principles of microbial ecology explain why the fecal indicator
bacteria used by EPA to establish water quality standards are able to grow in tropical soil
environments of HawaiÕi and invalidate the reliability of these tests to determine when
environmental waters in tropical regions are contaminated with sewage. The principles of
ecology are also being pursued in three other projects. First, to evaluate the mechanisms involved
in exchange of virulence genes in aquatic systems, primarily by phages that infect bacteria.
Second, to use indigenous mollusks in HawaiiÕs water to concentrate pathogens from
contaminated waters. indigenous phages. Third to confirm that in HawaiÕi, non-fecal pathogens
such S. aureus and Vibrio spp bacteria represent greater risk for water-borne disease to humans
than sewage-borne pathogens. To address this concern, this study is developing reliable and
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feasible methods for detection of S. aureus and Vibrio spp from environmental waters and is
providing data that water quality standards should be developed for these groups of pathogens.

The project investigators have obtained the following two grants that have contributed to our
project.

1. An Idea Network of Biomedical Research Excellence (INBRE) grant for $11,013 was
awarded to Steve Seifried (PI) to purchase a suitable freezer for the PRCMB cell culture bank.

2. A small grant for exploratory research (SGER) was awarded by NSF to Dr. Grieg Steward as
PI of the pathogen group within PRCMB to investigate water quality issues in Lake
Pontchartrain, LA in the aftermath of Hurricane Katrina (CHEM OCE05-54768).  The objectives
of this grant entitled, ÒIdentifying sources of fecal contamination and the prevalence of human
pathogens in water, sediments and shellfish of Lake Pontchartrain  in response to floodwater
pumpingÓ for $148,821 are similar and complementary to our PRCMB project in Hawaii.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No contributions to principal discipline to report at this time.

Pilot Project Program Overall

Contributions to principal discipline are summarized in each of the pilot projects supported by
PRCMB.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Research has tentatively shown evidence of density-dependent cellular CTX toxicity, as would
be consistent with the prevalence of quorum-sensing behavior by the putative organism(s).

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

We are attempting to modify a current commercial system that enumerates yeast cells in body
fluids, for use in marine microbiology. Our observations to date show the system cannot
enumerate yeast cells in seawater. Ms. Mahdi hopes that optimizing this approach for marine
yeasts will see it and related systems more widely applied in our field. The availability of rapid
and reliable methods can only stimulate interest and work on the marine mycoflora.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

Contributions to principal discipline will occur in 2006.
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Facilities Core:  Culture and Characterization of Marine Microbes

Since cyanobacteria are ubiquitous throughout the biosphere and BMAA is of low molecular
weight and highly soluble, its production by cyanobacteria may represent an unevaluated threat
to human health. These findings improve our understanding of the distribution and sources of
BMAA in coastal and oceanic waters. Given the global importance of marine cyanobacterial
blooms, such as those generated by iron-laden dust in the Atlantic and Pacific Oceans, a broader
analysis of the production and fate of BMAA in marine ecosystems is needed. For example,
Trichodesmium blooms that are observable by ocean color satellites are known to cover
thousands of square kilometers of the Earth's oceans. Similarly, the occurrence of BMAA in
Prochlorococcus, the most abundant oxyphototroph found in tropical and subtropical waters,
could indicate a significant input of neurotoxin at the lowest trophic level of such marine
ecosystems.  The ubiquity of cyanobacteria in diverse terrestrial, limnic, and marine
environments suggests that possible health consequences of chronic exposure to BMAA deserve
further investigation.

Contributions to Disciplines of Science and Engineering

Overall Program Summary and Administrative Core

Contributions to disciplines of science and engineering are mentioned in their associated
projects.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

The provision of bio-active algal materials collected from the offshore habitats has found
usefulness in the Cancer Research GroupÕs pursuit of bioproducts displaying anti-tumor and/or
anti-viral activities.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

No contributions to disciplines of science and engineering to report at this time.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No contributions to disciplines of science and engineering to report at this time.

Pilot Project Program Overall

Updated information for each pilot project supported by PRCMB is provided below.
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Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

If confirmed, the identification of density-dependent cellular CTX toxicity adds a dinoflagellate
species of algae to the growing list of microorganisms that have been shown to display quorum-
sensing behavior.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

No contributions to disciplines of science and engineering to report at this time.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

Any Contributions to other disciplines of science and engineering will occur in 2006.

Facilities Core:  Culture and Characterization of Marine Microbes

The initial findings of this project have improved our understanding of the diversity and
distributions of marine microbes in coastal and oceanic Hawaiian waters.

Contributions to Development of Human Resources

Overall Program Summary and Administrative Core

Research Experiences for Undergraduates (REU).  Apart from expending effort to develop an
interactive milieu for the new Center, the PRCMB leadership has aggressively sought other
funding opportunities to further expand and enhance its breadth and scope.  This effort is not
limited to research, but extends to training.  The PRCMB is fully committed to nurturing the next
generation of scientists engaged in marine biomedical research.  To this end, PRCMB has forged
a collaboration with the Sea Grant Marine Science Undergraduate Research Fellowship
(MSURF) program to support a minimum of two undergraduates per year to pursue summer
research projects in the areas of (1) harmful algal blooms, (2) microbial pathogens in tropical
coastal waters, or (3) pharmaceutical discovery.  The MSURF program, which is a NSF-funded
REU site program, will fully administer the program, giving these students all the advantages of
participating in a larger, long-standing REU program that possesses an established education and
social agenda.  The MSURF REU site program has a long history at the University of HawaiÔi.
Previously, this REU site program was administered through the Department of Oceanography
and later, through the Marine Bioproducts Engineering Center.  The current program is
administered through the University of HawaiÔi Sea Grant College Program (Dr. Michael
Cooney, Principal Coordinator) and represents a consolidation of these two past efforts.  MSURF
recruits faculty from across the campus, and students from disciplines that range from zoology to
chemical engineering.  The one commonality is that research projects administered by this
program must lie within the general theme of marine science.  With this collaboration, faculty
can now also be recruited from the PRCMB and the general theme expanded to include marine
biomedicine.  With funding approved from NSF, the first class of PRCMB REU students arrived
in June 2005.  A report on MSURF 2005 appends this document.
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Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

Research carried out in this project has advanced the careers of several young scientists,
including several women, and one minority woman.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Tonya Fowler graduated with a masterÕs degree in microbiology in May of 2005 and is now
working for an engineering firm.

Gayatri Vithanage accepted the graduate research position in PRCMB and is now a Ph. D.
candidate in the Department of Microbiology, University of Hawaii.

Kathleen Brostrom graduated with a masterÕs degree in Microbiology in August of 2005 and is
now enrolled in the Ph.D. program at University of Colorado.

Olivia Nigro continues as a Ph. D. candidate in Department of Oceanography, University of
Hawaii.

Three undergraduate students (S. Stotts, M. Workman, A. Marckscheffel) have been trained by
Dr. G. Steward to prepare them to pursue their intentions to enter graduate degree programs.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No contributions to development of human resources to report at this time.

Pilot Project Program Overall

Contributions to human resource development are summarized in each pilot project supported by
PRCMB.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Research carried out on this pilot project advanced the scientific careers of a Latino and an Afro-
American woman.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

No contributions to development of human resources to report at this time.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

The ProjectÕs important contributions to development of human resources will occur in 2006.
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Facilities Core:  Culture and Characterization of Marine Microbes

This project has contributed to the training and education of one undergraduate and two graduate
students at the University of Hawaii. Specific areas include training in the maintenance and
cultivation of marine microbes.

Contributions to Resources for Research and Education

Overall Program Summary and Administrative Core

Contributions to resources for research and education are mentioned in their associated projects.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

No contributions to resources for research and education to report at this time.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

PRCMB, University of HawaiÕi seminar by Roger Fujioka (University of Hawaii). Friday July 2,
2004.ÒChallenges and strategies in developing hygienic microbial water quality guidelines for
tropical climatesÓ.

PRCMB, University of HawaiÕi seminar by Grieg Steward (University of Hawaii). Friday,
August 6, 2004.  ÒSwimming in the Gene Pool: Marine Microbial Ecology and Human HealthÓ.

PRCMB University of HawaiÕi seminar by Bruce Wilcox (University of Hawaii).September 1,
2004. ÒEcosystems, complexity and emerging infectious diseasesÓ

PRCMB University of HawaiÕi seminar by Kate Field (Oregon State University). January 11,
2005. ÒWhoÕs responsible? Fecal source identification in waterÓ.

PRCMB University of HawaiÕi seminar by Alfred Dufour (USEPA, Cincinnati). March 2, 2005.
ÒWater quality and swimming associated health effectsÓ.

PRCMB University of HawaiÕi seminar by Alan Katz (University of Hawaii). June, 2,  2005.
ÒLeptospirosis in Hawaii, 1974-1998Ó.

PRCMB University of HawaiÕi seminar by Greg Lovelace (University of North Carolina). July
11,  2005. ÒNew indicator methods for virus detection in coastal waters and shellfishÓ.

PRCMB University of HawaiÕi seminar by Matthew Arduino (CDC, Atlanta, GA). August 12,
2005. ÒStaphylococcus aureus in the community- a CDC perspectiveÓ.
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Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

Nothing to report at this time.

Pilot Project Program Overall

Contributions to research and education are summarized below.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Research in the program was coupled with support of the NSF MSURF (Marine Science
Undergraduate Research Fellowships) Program.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

Stuart Donachie (PI) presents data from this project in lectures to his undergraduate Marine
Microbiology class (MICR401). Students in the undergraduate Marine Microbiology laboratory
course (MICR401L) isolated marine Fungi and yeasts from samples they collected on the UH
vessel RV Klaus Wyrtki; Ms. Mahdi assisted in this class. Dr. Donachie will continue these
presentations and lab exercises in these courses during spring 2006.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

The ProjectÕs contributions to research and education will occur in 2006 and beyond.

Facilities Core:  Culture and Characterization of Marine Microbes

Dr. Jo-Ann Leong (HawaiÕi Institute of Marine Biology director, University of HawaiÕi at
Manoa) has received Sea Grant funding to establish a collaborative project between HawaiÕi and
Oregon to produce educational materials about marine biotechnology. The material will be
designed for 9-12 graders and the general public. The education materials will be made available
to high schools in the form of a CD that contains a marine biotechnology teaching module and
reference materials such as bibliographies and selected articles and PowerPoint slides. Materials
will be evaluated for website distribution via Sea Grant College Programs. The public material
will be designed as a traveling exhibit for visitor centers and aquariums, public facilities such as
libraries and schools, state and county fairs, and other education venues. The material will be
assessed for education values by personal interviews of the teachers who will use the material
and questionnaires administered to the public at the traveling exhibit. Drs. Bidigare and RappŽ
are members of the Technical Advisory Committee for the Oregon-HawaiÕi Marine
Biotechnology Education and Outreach Program and will provide COHH-related materials for
the development of the teaching module, website and traveling exhibit.

Contributions Beyond Science and Engineering
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Overall Program Summary and Administrative Core

Contributions beyond science and engineering are mentioned in their associated projects.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

The projectÕs relationship with the Hawaii Department of Health continues to keep the two-way
communication lines active so that important research developments can be rapidly conveyed,
and that (periodic) outbreaks of ciguatera poisonings are immediately known to the program so
that sampling efforts can respond.  The work with Cates International Inc. has been useful to the
local aquaculture industry by providing objective, third-party evidence of the wholesomeness of
the marine products being reared.

These findings and those believed to come attest to the value of the multi-disciplinary research
approach that is at the heart of the COHH initiative, which provides the capability to overcome
the extreme complexity presented by issues such as ciguatera poisoning.  We hope these steps
toward better understanding of CTX production and analyses will collectively lead to improved
diagnoses, improved prevention strategies, and mitigation of this important malady associated
with the ocean environment.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

This project will provide results that will address water quality and will directly impact
regulators who must establish standards. This project will be using molecular and other
innovative methods to determine water quality and to isolate pathogens from coastal waters and
other environmental waters. However, since EPA and Department of Health, State of HawaiÕi
have not evaluated these methods for regulatory purposes, this project will inform and educate
the regulatory agencies and the public on the use of these new molecular methods to determine
the quality of environmental waters.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No contributions beyond science and engineering to report at this time.

Pilot Project Program Overall

Contributions beyond science and engineering are provided below.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

No contributions beyond science and engineering to report at this time.
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Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

Any contributions beyond science and engineering will occur in 2006.

Facilities Core:  Culture and Characterization of Marine Microbes

Our BMAA findings were recently highlighted in the 25 May 2005 issue of the Journal of the
American Medical Association (ÒEnvironmental neurotoxin may pose health threat,Ó 293: 2460-
2462), Scientific American (ÒBrain-destroying algae?,Ó June 2005, page 34), and in
Neuropathology and Applied Neurobiology (ÒReturn of the cycad hypothesis Ð does the
amyotrophic lateral sclerosis/parkinsonism dementia complex (ALS/PDC) of Guam have new
implications for global health?,Ó 31: 345-353).

Publications and Products

Overall Program Summary and Administrative Core

Publications and products are mentioned in their associated projects.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

The statistical analyses of environmental data and G. toxicus abundance/toxicity were presented
at the US Harmful Algae conference in Monterey, California, on October 6, 2005 by Dr. Michael
L. Parsons.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

Fowler, T.L., Fujioka, R.S., Tice, A.D., Ishikawa, A., and Yoneyama, B.S. 2004. Modification of
CHROMagar to enumerate Staphylococcus aureus from marine recreational waters in HawaiÔi
[poster no. Q516]. In: Abstracts of the 104th General Meeting of the American Society for
Microbiology, New Orleans, Louisiana, May 23-27, 2004.

Tice, A.D., Fowler, T., and Fujioka, R. 2004. Staphylococcus aureus in recreational seawaters of
HawaiÔi.  In: Abstracts of the 42nd Annual Meeting of the Infectious Diseases Society of
America, Alexandria, Virginia, September 30 Ð October 3, 2004, pp. 143-144.

Fujioka, R., T. Fowler and A. Tice. 2005.   Diversity of S. aureus strains recovered from beach
water suggests swimmers as source of water contamination. Poster Q12. In Abstracts of the
105th General Meeting of the American Society for Microbiology, Atlanta, GA June 5-9.

Betancourt, W and R. Fujioka. 2005.  Bacteroides as reliable molecular markers of sewage
contamination in HawaiiÕs environmental water. Poster 15. Abstract in Section 5 (pg 10) of 13th

International Symposium on Health-Related Water Microbiology at Swansea University, Wales
(Sept. 5-9, 2005). Full paper submitted for publication.
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Fujioka, R. S. and T. M. Unutoa. 2005. Comparative stability and growth requirements of S.
aureus and fecal indicator bacteria in seawater. Poster 65. Abstract in Section 5 (pg 49) of 13th

International Symposium on Health-Related Water Microbiology at Swansea University, Wales
(Sept. 5-9, 2005). Full paper submitted for publication.

Stotts, S, O Nigro, TL Fowler, RS Fujioka, and GF Steward. 2005. Virulence and antibiotic
resistance gene combinations among Staphylococcus aureus isolates from coastal waters of
Oahu, Hawaii.  Journal of Young Investigators Volume 12 (http://www.jyi.org/).

In Review: Workman M, OD Nigro, GF Steward.  Identification of prophages in coastal water
isolates of Staphylococcus aureus. Journal of Young Investigators

Other Presentations

Fujioka, R. 2004. Challenges and strategies in developing hygienic microbial water quality
guidelines for tropical climates. PRCMB seminar, University of Hawaii. July, 2, 2004.

Tice, A.D., T. Fowler, and R. Fujioka. 2004. Staphylococcus aureus in recreational seawaters of
Hawaii.  In: Abstracts of the 42nd Annual Meeting of the Infectious Diseases Society of America,
Alexandria, Virginia, September 30 Ð October 3, 2004, pp. 143-144.

Steward, G. 2004.  ÒSwimming in the Gene Pool: Marine Microbial Ecology and Human
HealthÓ. PRCMB seminar, University of HawaiÕi.  August 6, 2004.

Wilcox, B. 2004.. ÒEcosystems, complexity and emerging infectious diseasesÓ. PRCMB
seminar, University of HawaiÕi . September 1, 2004.

Fujioka, R. 2005. Assessment and strategies to address unreliable microbial recreational water
quality standards for tropical climates. Invited speaker to Ocean and Human Health Center at
University of Miami. January 26, 2005.

Fujioka, R., P. Loh, A. Katz, S. Seifried, G. Steward, A. Tice, and B. Wilcox. 2005. Microbial
pathogens in tropical coastal waters: An ecosystem approach to determine risk and prevent
water-borne diseases.
Project Report at First Directors meetings for Center of Ocean and Human Health, University of
Miami, January 27, 2005.

Fujioka, R. 2005. Water borne diseases. Presented at the Infectious Disease Conference: A
Course for Clinicians.  QueenÕs Conference Center, February 19, 2005.

Haines, B.,  T. Fowler, R.  Fujioka,  A. Tice, G. Steward and S. Seifried. 2005 Genetic Typing of
Human Pathogenic Bacteria Retrieved from Beaches of Oahu.  Annual Meeting of the Hawaii
Chapter of the American Society of Microbiology. Honolulu, HI. April 16, 2005
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Betancourt, W. and R. Fujioka. 2005. Molecular markers used for tracking sewage
contamination in Hawaii. Poster presented at Annual Biomedical Sciences Symposium, John A.
Burns School of Medicine, Kakaako Campus, April 28, 2005.

Haines, B.,  T. Fowler, R.  Fujioka,  A. Tice, G. Steward and S. Seifried. 2005 Genetic Typing of
Human Pathogenic Bacteria Retrieved from Beaches of Oahu.  Biomedical Sciences
Symposium, John A. Burns School of Medicine, University of Hawaii. Honolulu, HI. April 28,
2005

Katz, A. 2005. ÒLeptospirosis in Hawaii, 1974-1998Ó. PRCMB seminar, University of HawaiÕi
June, 2,  2005.

Seifried, S. 2005.  Molecular typing of S. aureus  from Hawaii Beach Water. Presented at
Staphylococcus Interest Group Meeting (Prince Hotel, August 12, 2005) organized by A. Tice.

Fujioka, R. 2005. Impact of environmental sources of fecal indicator bacteria on beach water
quality: post assessment of tropical water quality indicator workshop. Presented at the
Sustainable Beaches Conference. St. Petersburg, FL Oct. 31-Nov. 2, 2005.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No publications and products to report at this time.

Pilot Project Program Overall

Progress to publications and product development in each of the pilot projects is summarized
below.

Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

No publications and products to report at this time.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

We have a locally housed and dedicated collection of over 475 Fungi and yeast cultures (of at
least 60 species) isolated from Hawaiian marine habitats. We have begun submitting sequence
data to GenBank at the NCBI. Accession numbers etc. will be posted on our labÕs webpage,
http://www.hawaii.edu/microbiology/donachie/research.htm.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

Publications, environmental genomic libraries, and contributions to international genomic
databases will occur in 2006 and beyond.



Laws, Edward A. COHH OCE04-32479
Pacific Research Center for Marine Biomedicine

59

Facilities Core:  Culture and Characterization of Marine Microbes

Cox, P. A., S. A. Banack, S. Murch, P. Nunn, W. Bradley, D. Mash, S. Papapetropoulos, L. Olaf,
S. Conradi, B. Bergman, U. Rasmussen, R. Bidigare, G. Codd, J. S. Metcalf, H. Johnson, R.
Speth and J. H. Weiss. 2005. Reply to ÒLack of b-methylamino-L-Alanine in brain from
controls, AD, or Chamorros with PDCÓ Neurology (published on-line 22 December).

Dickey, T. D. and R. R. Bidigare. 2005. Interdisciplinary oceanographic observations: The wave
of the future. Sci. Mar. 69 (Suppl. 1): 23-42.

Cox, P. A., S. A. Banack, S. J. Murch, U. Rasmussen, G. Tien, R. R. Bidigare, J. S. Metcalf, L.
F. Morrison, G. A. Codd and B. Bergman. 2005. Diverse taxa of cyanobacteria produce b-N-
methylamino-L-alanine, a neurotoxic amino acid. Proc. Natl. Acad. Sci. USA 102: 5074-5078.

Wang, G. Y., W. P Tang and R. R. Bidigare. 2005. Terpenoids as therapeutic drugs and
pharmaceutical agents. In: Natural products as therapeutical drugs and preventive medicines (L.
Zhang and A. L. Demain, Eds.), Humana Press, New Jersey, pp. 191-221.

Web site: http://www.prcmb.hawaii.edu/facilities.asp

Other products: The microbes isolated as part of the NIEHS/NSF COHH will be maintained in
the PRCMB central culture collection facility and made available to UH and COHH partner
institution researchers.

Objectives and Scope

Overall Program Summary and Administrative Core

No changes in objective or scope to report at this time.

Research Project 1: Ciguatera Dinoflagellate Nutrient Profile and Ecology, Rapid Detection
Methods, and Human Health

No changes in objective or scope to report at this time.

Research Project 2: Microbial Pathogens in Tropical Coastal Waters

No changes in objective or scope to report at this time.

Research Project 3: Pharmaceutical Lead and Pharmacological Probe Discovery

No changes in objective or scope to report at this time.

Pilot Project Program Overall

No changes in objective or scope to report at this time.
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Pilot Project 1: Do Quorum Sensing Compounds Induce Production of Ciguatoxin by the
Gambierdiscus Toxicus Symbiotic Consortium?

No changes in objective or scope to report at this time.

Pilot Project 2: Anti-Infectives and Cytotoxins from Hawaiian Marine Fungi and Yeasts

No changes in objective or scope to report at this time.

Pilot Project 3: Marine Microbial Diversity in HawaiiÕs Coastal Waters

No changes in objective or scope to report at this time.

Facilities Core:  Culture and Characterization of Marine Microbes

No changes in objective or scope to report at this time.
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Appendix 1:  Sea Grant Marine Science Undergraduate Research
Fellowship (MSURF)

MAJOR Research and education activities

The Sea Grant Marine Science Undergraduate Research Fellowship (MSURF) program aims to
provide undergraduate students with the highest quality research training in marine/ocean
science or marine bioproducts engineering, outstanding preparation for graduate school, and life-
long collegial relationships and associations.

MSURF is a rigorous academic program designed to expose undergraduates to research in
marine/ocean science and marine bioproducts engineering, and to provide them with the
necessary skills to succeed once in graduate school. In addition to ten weeks of hands-on
laboratory training under the supervision of a faculty mentor, students will be trained through
five, one-day workshops to (1) write a detailed research proposal, (2) present their work in public
seminars, and (3) submit a final report in the format of a research manuscript. For those students
interested, the MSURF program administrates a group submission of papers to the NSF
(supported online Journal for Young Investigators (JYI). This optional exercise is designed to
guide students through the exercise of submitting their research work to a peer-reviewed journal
and to increase the quality of the applications to graduate school.

Training & development

In 2005, 11 students were funded from NSF funds, and 2 from matching funds provided by the
Pacific Research Center for Marine Biomedicines.  The program received over 160 applications,
of which 4 were from the University of Hawaii, two from Hawaii Pacific University, and 1 from
American Somoa.  The program provided round trip economy airfare (up to $1500), shared dorm
accomodation, a partial meal plan (breakfast and dinner Monday through Friday), a $500 stipend
at the chemistry stockroom, and a living stipend of $2000, and a post program education stipend
of $1000.

Project title and research supervisor of each PRCMB - supported participant

In 2005 two students were funded by PRCMB to participate in the MSURF program while
executing their research in the laboratories of PRCMB faculty.  The students also attended the
PRCMB seminars.

Marisha Copeland (Dr. Paul Bienfang):  Development and Application of Artemia Lethality
Bioassay for the Assessment of the Marine Toxins, Ciguatoxin and Mitotoxin

ABSTRACT:  Bioassays have historically been used in the assessment of various toxins which
may have had limitations in regard to the information or analytical chemistry that existed. To
assess the toxicity of unknown and unidentified marine toxins, researchers often use bioassays
that have been used to assess toxins possessing similar origins to that of the toxin their trying to
assess. The lethality Artemia brine shrimp assay has been a useful tool in various fields of
research such as toxicity assessment and the detections of toxins produced by fungi, heavy
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metals, cyanobacteria, and pesticides (Carballo 2002). We developed an artemia bioassay
protocol for the assessment of selected marine toxins. We then used this protocol to assess the
relativity toxicity of one or more marine toxins, specifically mitotoxin and ciguatoxin. The
Artemia bioassay procedure was then transformed into an educational product. The relative
toxicity of two lipid soluble ciguatoxin  extracts and two water- soluble mitotoxin extracts were
evaluated utilizing the Artemia lethality bioassay. For each sample tested, the artemia exhibited a
low sensitivity to the applied toxin and a high degree of survivorship.

Michael Workman (Dr. Grieg Steward):  Identification of prophages in coastal water isolates of
Staphylococcus aureus

ABSTRACT:  Staphylococcus aureus is a human pathogen that has managed to colonize a large
percentage of the population.  The mechanism by which this bacterium gains added virulence is
believed to be due mainly to horizontal gene transfer by bacteriophages, which are known to
carry or mobilize genes encoding toxins.  S. aureus is also found in relatively high abundance in
recreational waters due to swimmers who shed the bacterium from their skin and nasal passages.
As a result, recreational swimming areas have become a source of community-acquired S. aureus
infections.  In an attempt to identify the diversity of strains to which swimmers may be exposed,
30 isolates were collected from seawater at Waikiki Kuhio beach and screened for the presence
or absence of incorporated phage DNA segments using the polymerase chain reaction.  Between
one and five prophage segments were unambiguously detected in each isolate with no prophage-
free strain being found.  Prophage segments from 3A-like and 77-like phages were most
common, showing up in nearly all isolates collected.  Results suggest that prophage content in S.
aureus isolates varies widely between strains and the diversity at Waikiki Kuhio beach is high.
Results also provide some insight into the role of bacteriophages in the changing ecology and
virulence of Staphylococcus aureus.

Contributions to Human Resource Development

Diversity recruitment and retention

Of the two PRCMB students, one (Marisha Copeland) was of African American ancestry.  The
other student, Michael Workman, was white.  Both students returned to their home institutions to
finish their undergraduate degrees.

Highlights of Student Research Accomplishment and Important Skills Gained

The MSURF program has three key educational objectives.  They are to teach the students how
to write a complete research proposal, to present their research findings in a public forum, and to
write their research results in the format of a manuscript.  Both students completed the program
in full, including the execution of a full research proposal, delivering two public presentations,
and completing a final report.  Michael Workman decided to continue with the optional MSURF
program to revising and submitting his final report to the peer reviewed undergraduate journal
The Journal of Young Investigators.
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Adjunct activities for students such as tutorials on special skills, orientation to graduate school
and career options, opportunities for presentation of research work, participation in professional
meetings, and preparation of manuscripts.

Adjunct Activities

The PI supplemented the student research with an outstanding education program that consisted
an orientation session and 5 full day workshops and his personal editing of all research proposals
and final reports each weekend over a 12-week period.  In other words, drafts submitted each
Friday were returned the following Monday.  The orientation session introduced students to the
program and its theme, coordinated an icebreaking game that introduced the students to
themselves, toured them through the campus, and had them attend a lab and biological safety
workshop.  The education program was quite rigorous and demanding, and placed a high
emphasis on skills required for students to succeed when applying to and attending graduate
school.  The PI directed each workshop and personally reviewed the homework materials for
each student on a weekly basis.  All students were consistently encouraged by the PI to consult
with their faculty mentors as they complete workshop assignments.

In the first workshop students were trained on how to prepare a complete research proposal that
includes a statement of objectives and underlying hypotheses, justification, literature review,
methodologies for each objective (i.e., hypothesis, proposed experiments, expected results, and
an assessment of feasibility, pitfalls, and alternatives), project timetable, and references.  At the
second workshop students were taught the essential elements of a formal presentation.  The third
workshop was split into two separate activities.  In the morning the students were presented with
the format of the programÕs final report.  In the afternoon the students were asked to give a 5
minute public presentation of their research meeting using only a single power point slide.  The
fourth workshop was dedicated to orientating the students to graduate school.  The fifth
workshop was dedicated to the final presentations.


