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Diztwoduefion
Andrea E. Copping, Assistant Director, Washington Sea Grant Program

The fields of morine bioremediotion  the cleanup of hazardous ond toxic wastes by living organisms! and
marine extremozymes  the study and use of enzymes extracted from organisms living in extreme environments! are
in their infancy. Bioramediation of terrestrial and freshwater environments is developing into a major industrial
sector world-wide; however, bioremediation in the marine environment is still in the exploratory and startup
phases. The discovery of deep ocean vents and their associated microbial communities has given rise to new
possibilities for commercial applications using enzymes formed within high-temperature environments. Enzymes
creoted by microorganisms living in other extreme environment~ncluding cold ocean water and polar ice, very
high salinity waters, and waters of great depths and pressures-have added to the scientific interest in ond commer-
cial potential of marina extremozymes.

Building on the core of researchers working in marina bioremediation and marine extremozyrnes at the
University of Washington, Washington Sea Grant Program brought together scientists and engineers from around
the country to discuss these two emerging ond fascinating topics. While these topics seem unrelated, researchers
in universities, industry, and the government are seeing connections between bioremediation in the morina environ-
ment and the capabilities of certain extremozyrnes.

During a one-andMalf day workshop held in September 1996 at the University of Washington in Seattle,
over 130 researchers and students shared the results and potential ramifications of their work through a series of
oral and poster presentations. This proceedings provides summaries of the talks, titles of the posters, and a listing
of workshop participants. Washington Sea Grant Program is pleased to have hod the opportunity to present this
outreach eHort in biotechnology. We hope to have similar opportunities in the future.
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Established in 1968, Washington Sea Grant Program  WSGP! began as o federal experiment in local

investment. Designed to identify marine resource issues at the gro~oots level and bring the scientific expertise of
university researchers to bear in addressing them, WSGP draws on o wealth of talent from the University of
Washington  UW! and other participating institutions. The program grew os part of the UW's major interest in
marine science, engineering, and policy. In 1971 WSGP become one of the first four programs designated
nationally as a Sea Grant College. Today WSGP is part of a national network of 29 Sea Grant programs admin-
istered by the National Oceanic and Atmospheric Administratian  NOAA! in the U.S. Department of Commerce.

Washington Sea Grant Program uses a partnership appraach in oll its activities. Some of WSGP's frequent
partners include ather universities and educational institutions; tribes and local, state, ond federal agencies;
business and industry; marineariented interest groups; and citizens of the state of Washington. The participation
involves financial contributions to program and project activities, advice and counsel, and involvement in projects.

Washington Sea Grant Program is located in the Office of Marine Environmental ond Resource Programs
 OMERP!, one of five principal operating units of the UW's College of Ocean and Fishery Sciences.

In addition to funding research projects in marine products, microorganisms in the marine environment, and
ocean engineering, WSGP continues a lang-term effort to inform marine scientists, decisian makers, and the public
about emerging issues in marine biotechnoiogy.

~azine cJV ol'cnulax BioEzAnology ZaSovatowy,

Unioz~sity of QVax4ington
The extremophile and bioremediation research efforts at the University of Washington benefit from the

resources of the Marine Molecular Biotechnology Laboratory  MMBL!, o new facility in the College of Ocean
and Fishery Sciences. In this unique suite of laboratories, excellent facilities are available for analysis of nucleic
acids and proteins and for recombinant DNA work. In addition to all the facilities routinely found in a molecular
biology labaratory, the MMBL boasts a fast protein liquid chromatography apparatus for purifying novel en-
zyrnes, an automated DNA sequencer/gene scanner, and a fluorescence imager. The laffer two instruments
permit a wide range of analyses � including sequencing, electrophoretic analysis, and membrane-based ossays-
using fluorescent labeling techniques instead of traditional ond more hazardous rodioadive labeling methods.

In addition to bioremediation.related work, current research in the MMBL deals extensively with the conserva-
tion, management, and aquaculturol genetics of marine organisms, ond fundamental aspects of gene expression
in marine microalgae. Although dedicated primarily to research and training of new scientists within the College
of Ocean and Fishery Sciences, the MMBL is available for contract support from industrial and other interests, For
more information contact Paul Bentzen �06/685-9994, pbentzen@fish.washington.edu! or Ginger Armbrust
�06/616-1783, arrrrbrust@ocean.washington.edu!.



Overview of Extremozymes and their Biotechnological Potential
John A. Baross, School of Oceanography,
University of Washington, Seattle

Microorganisms have been isolated fram or detected in environments once thought to be too extreme for
biological systems. The range of physical and chemicaI conditions in these environments includes temperatures
from below freezing to greater than 110 C, pH ranges from 0 to 12, saturated salt concentrations, hydrostatic
pressure equivalent to the depth of the deepest ocean trenches, and levels of heavy metals and xenobiotics once
thaught to be toxic. The basis for microbial growth and enzyme stability under such extreme conditions is just
starting to be addressed. So are implications of the existence of life in these environments to theories of the origin
and evolution of life on Earth and elsewhere. In addition, biotechnological applications for microorganisms from
these extreme environments are just beginning to be explored, Particular attention has focused on microorganisms
isolated from deep-sea hydrothermal vent environments and growing ot temperatures greater thon those necessary
to boil water  hyperthermophiles! and microorganisms isolated from cold marine environments  psychrophiles!.

A high diversity of microbial species is expected to exist in these environments, based on preliminary examina-
tion of the sequence differences of specific genes and on the incidence and properties of specific enzymes. This
high diversity among species from extreme environments has greaHy expanded our search for enzymes, called
extremozyrnes, that have biotechnological applications, such os the thermostable polymerases vsed to synthesize
DNA. Extremozymes ran also be used to hydrolyze proteins and complex carbohydrates, and to modify other
enzymes, such as by converting glucose to fructose. Metabolic products, such as novel bioactive compounds
including antibiotics, and new applications, including the ability to remediate environments polluted with heavy
metals or toxic organic chemicals, are examples of future prospects that may result from the study of microorgan-
isms that live in extreme environments.

Overview of the UW Marine Bioremediation Program
Jody W. Oetning, School of Oceanography,
University of Washington, Seaffle

Terrestrial bioremadiation, the use of native or introduced microorganisms to enhance the degradation of
contaminants in grovndwater and soil, is a maturing field of international inquiry, In contrast, the parallel roles ond
possible applications of microorganisms in bloremedketion in the marine environment remain poorly understood,
even though high concentrations of contaminants, including organics and heavy metals, have entered and persist
in vast and heavily populated coastal areas of the world. The University of Washington received a five-year
University Research Initiative Award from the Office of Naval Research to establish an interdisciplinary research
program to advance the new field of marine bioremediation. With additional support from the University, we hove
built a research and student training program focused on the degradation of organic contaminants, especially
polyaromatic hydrocarbons  PAHs! but also polychlorinated biphenyls  PCBs!, in marine sediments, the repository
of these hydrophobic and toxic compounds

As a model site for exploring native microbial community strvctvre and PAH-degradative capabilities, facvlty
and students conduct empirical research and modeling studies at, or in relation to, on EPA Superfund site in Pvget
Sound called Eagle Harbor; it was heavily contaminated over a period of decodes with PAHs from a now4efunct
creosote wood-treatment plant. In 1994 Eagle Harbor was copped with o thick  -1 m! layer of relatively clean
sediment dredged from a nearby waterway, thus introducing the opportvnity for researchers in the Marine
Bioremediation Program  MBP! to combine microbial studies with the implications of sediment capping, the



apparent treatment of choice today for contaminated marine sediments  second only to "no action"!.
In the course of these studies, MBP microbiologists ond molecular geneticists have determined thot the total

numbers of bacteria residing in the contaminated sediments are higher than expected, given the toxic nature of the
environment, and higher than in surrounding cleaner sediments; that community diversity based on DNA extrac-
tion, amplification, and sequencing methodology is also surprisingly high; and that significant portions of the
community are viable  culturable! oxygen-requiring specialists feeding on PAWs. MBP engineers and oceanogra-
phers have further determined that sub-communities capable of degrading PAWs  and PCBs! in the absence of
oxygen, as occurs beneath a sediment cap, also exist in the contaminated sediments. First estimates of their
degradation rates in situ suggest a multi-year to decadal time scale for removing PAHs dissolved in the sediment
pore waters. An anolysis of results to date reveals the continuing need for sorption studies under marine conditions
that would identify means to enhance the bioavailability of sediment-sorbed and aged contaminants  e.g., use of
surfactants, nutrient augmentation, even extremozymes"!. It also leads to the hypothesis that acceptable degrada-
tion rates and protection of the overlying ecosystem may be achieved with a thin capping approach to contami-
nated marine sediments.

protein Stability at Extreme Temperatures
Michael WW. Adams, Department of Biochemistry and Molecular Biology,
University of Georgia, Athena, Georgia

The socafled hyperthermophiles are a recently discovered group of microorganisms that grow at temperatures
of 90'C and above. All have been found in geothermally-heated environments and most are of marine origin.
Several enzymes and proteins have been purified fram these organisms. Many, although not all, are extremely
therrnostable with half-lives at 100'C of mony hours and, in some coses, days, The mechanisms by which protein
"hyperthermostability is achieved, however, are far from clear. Aligning the amino acid sequences of
hyperthermophilic proteins with the equivalent protein from more conventional organisms gives no insight into
potential stabilizing mechanisms, and it has become clear that comparisons must be made at the level of three
dimensional structures. As model systems we have chosen two redox proteins, rubredoxin  Rd! and ferredoxin
 Fd!, purified from the hyperthermophilic marine archaeon Pyrococcus furiosus  T, 105'C!. The prateins Rd and
Fd are small  -60 amino acids! and extremely stable  T > 117 C!. Both have been structurally characterized by
X-ray crystallography and/or NMR spectroscopy, Their genes hove been cloned and expressed in a mesophilic
host, thus enabling specific mutant forms to be produced, These mutant forms are being used to investigate
potential stabilizing mechanisms.

A related issue is whether hyperthermophiles contain introcellular solutes that serve as general
"thermoprotectants." For example, many of these orgonisms contain high concentrations of the novel sugar
di-inositol, 1, 1'phosphate  DIP!. A large scale purification scheme has now been devised to obtain DIP from the
hyperthermophilic marine bacteriujn Thennotoga maritima  T, 90'C!,

Proteases and Glycosyl Hydrolases from Hyperthermophilic Microorganisms: Biological and
Biotechnical Considerations
Robert M. Kelly, Department of Chemical Engineering, North Carolina State University, Raleigh,
North Carolina

Hypertherrnophilic microorganisms are known to produce an impressive array of intrinsically thermostable
enzymes which have been studied for their scientific and technological potential. Since many such organisms
isolated to date are heterotrophs growing on an arroy of peptide- and oligosaccharide-based media, hydrolytic
enzymes responsible for recruiting these as nutritional sources have received particular attention. In this regard, we



have isolated a number of proteases and glycosyl hydrolosas from the hyparthermophilic archaeon Pyrococcus
furiosus and from hypartharmophilic bacteria in the genus Tlrermotogo. These enzymes have been studied for their
physiological importance, their biochemical characteristics, and, in some cases, their biotechnological potential.

Recombinant-Based Approaches for Enzyme Discovery
Eric J. Mathur,!affra L Stein, Dan E. Robertson, Ronald V. Swanson, and Jay M. Short, Recombinant
BiaCatalysis, tnc., La ]olla, California

The myriad microorganisms inhabiting diverse biotopes represent a vast repository of potentially valuable
biocatalysts for industrial applications. Molecular phylogenetic analyses suggest that greater than 99%%d of the
organisms existing in the environment remain uncultured. At present, oll commercially available extramozymes are
derived from the small fraction of micrabes amenable to growth in pure culture.

Our principal route to enzyme discovery involves expression cloning using ganomic libraries constructed with
nucleic acids extracted directly from the environment. The screening of these information-rich "environmental
libraries" is accelerated by use of high-throughput, robotic systems in which thousands of clones are rapidly
screened against multiplaxed regimes of chrornogenic substrates. Following confirmation and sequencing of
positive clones, open reading frames are identified and the genes subcloned for overaxpression, High throughput,
automated expression screening of recombinant genes from eubacterial and archael origin has yielded over 300
industrially relevant enzymes. These recombinant enzymes, which have evolved naturally for more than three
billion years, provide unique starting molecules for the application of nonnatural, directed evolution techniques.
The combination of natural enzyme diversity with directed, iterative evolution enables the optimization of specific
biocatalytic activities for a wide range of industrial and pharmaceutical applications,

Sorption and Biological Interaction for PAH Removal from Marine Sediments
H, David Stensel, Tom Poeton, Department of Civil Engineering, University of Washinlton, Seattle; and
Stuart Strand, College of Ocean Resources, University of Washington, Seattle

Removal of polyaromatic hydrocarbons  PAHs! during bioremediation of marina sediment was assumed to
occur by a process of dasorption of PAHs from the sediment and biodegradation of the resulting dissolved PAHs in
the sediment pore spaces. This process was described by a mechanistic model and individual experiments were
carried out to quanhfy the mechanisms of soliddiquid partitioning, dasarption kinetics, and biodagrodation
kinetics in a PAHdegrading marine environment. These studies were followed by experiments in which PAHs were
degraded by the environment with and without sediment present. Blakaly Harbor sediment was used and phenan-
threne was the model PAH compound. The fate of phenanthrene was followed using radiQabeled carbon.

The research results showed that when phenanthrene was present only in the dissolved phase, it was de-
graded two to three times faster in environments with sediment than in those without sediment. When sediment was
present, solids partitioning resulted in less than 10% of the phananthrena in the test vials being in the dissolved
phase. One explanation for this result is that the bacteria attached to the sediment and were able to feed on
phenanthrene located on or near the particle surfaces, Epifiuorascent measurements showed bacteria attachment
did occur and that the portion of added bacteria that attached increased from 20%%d to 50%%d when phenanthrana
was present on the sediment. These results imply that the presence of PAHdegrading bacteria that attach to
sediment can increase bioremediation rates.



Models for Rates Processes in Contaminated Marine Sediments

B, Krieger-Brockett, Chemical Engineering, University of Washington, Seattle

It is necessary to predict the rate of biodegradation of xenobiohcs or contaminants in order to compare
natural remediation or biological treatment processes to more traditional options such as dredging, However,
some biological degradation rates are not optimal owing to reduced bioavailability of the substrate, limited supply
of a needed nutrient, or slow transport of nutrients or rnetaboiites in the sediment, Predictions have been made of
physical, chemical, and biologicai rates occurring in marine sediments in Eagle Harbor, Wash,

Caid Regions Bioremediation
Hal Marlow, Hart Crowser, inc., Anchorage, Alaska

Petroleum hydrocarbons are generally biodegradable if the indigenous microorganisms that acclimate to
using these fuels as a carbon source are provided an adequate source of oxygen and inorganic nutrients.
Bioventing is a remediation technique that provides the naturallywccurring microorganisms with favorable condi.
tions. This techniqve has been used in several locations in Alaska. Natural attenvotion does occur at some sites,
and microorganisms may eventually degrade residual hydrocarbons present in the soil. Such natural
bioramadiation is limited by many factors, but the process is primarily dependent on natural diffusion rates of
oxygen. Consequently, natural biodegradation rates are frequently too slow to prevent contaminant migration and
sites may require remediation,

Bioventing uses enhanced bioramediation to mitigate the effech of petroievm hydrocarbons  or other contami
nants! that occur in soils located in the vadose zone. Biovenling systems are engineered to provide the naturally
occurring, acclimatized microorganisms with conditions favorable for the in sitv degradation of petroleum hydro-
carbons by providing appropriate inorganic nutrients and an alech'on acceptor  oxygen!, thus reversing the
degradatioQimiting conditions commonly encountered 'm petroleum impacted soils. The use of an air-based
oxygen supply for enhancing biodegradation relies on airflow rates and configurations that will ensure adequate
oxygenation for aerobic biodegradation while rninirnizing the production of hydrocarbo~ontaminated offgas.

Hart Crowser has designed or is cvrrently operating 15 in situ ond 11 ex situ bioventing systems in various
locations throughout the state of Alaska. The objective of these projects was to design, install, and operate a
remediation system capable of reducing the existing petroleum hydrocarbon levels to below the Alaska Depart-
ment of Environmental Conservation clean up action levels. Prior to the design of the bioventing systems, Hart
Crowser initiated site investigations including soil borings and installation of monitoring wells to determine site
geologicai characteristics, and the extent of the hydrocarbon impacted soils. Laboratory biofeasibility testing or
in situ respiromatry testing was accomplished to determine the biological activity at the sites and provide inforrna-
hon to optimize the remedial design. Degradation rates for the various sites ranged from 0.92 mgkg'd ' to 176
mgkg'd'. Three in situ bioventing case studies were presented. The results of treatability testing, considerations for
the design of the biovanting systems, systems installation, and the results from two years of operation were out.
lined.



Aerobic Degradation of PAHs in Marine Sediments
J.T. Staley, Allison Geiselbrecht, and Brian Hedluncl, Department of Microbiology, University of
Washington, Seattle

Ovr laboratory studies aerobic bacteria that degrade poiycyclic aromatic hydrocarbon  PAH! compounds in
Puget Sound and the Gu! f of Mexico. Of the areas we have studied, the highest concentrations of PAH degraders
are found at the creosot~ontaminated Eagle Harbor EPA Superfvnd site in Puget Sound. These high concentra-
tions indicate that PAH-degrading bacteria are enriched at this contaminated site, We have not recovered terres-
trial or freshwater PAHJegrading taxa from the marine habitats we have studied. Instead, several new PAH-
degrading marine bacteria, including two new genera, have been isolated. A PAHdegrading genus,
Cyclaclasticus, has been found both in the Gulf of Mexico and Pugef Sound. Other genera including on
Oceanospirillvm tike organism, a new Vibrio species, and a new strain or species of Pseudao/teromonas
haloplanktis have been isolated from Puget Sound sediments, Eoch of these bacterial groups exhibits a vniqve
pattern of vtilization of PAH compounds. The initial critical step in oerobic PAH degradation is carried aut by a
complex high molecular weight enzyme. termed a dioxygenase. We are interested in determining whether each
bacterial group has its own characteristic dioxygenase enzyme that is respansible for determining the substrate
range and specificity. Also, studies are in progress to determine the distribution of Cycloclasticus spp. in contami-
nated and noncontaminated Puget Sovnd sites. Preliminary results indicate that species of Cyc/oc/ash'cus are found
both in the water column as well as in aerobic, surficial sediments.

Anaerobic PAH Degradation: Novel Pathways and Strategies for isolation
Robert Sanfard, Department of Microbiology, University of Washington, Seattle

Polyararnatic hydrocarbons  PAHs! degrade fairly easily under aerobic conditions. Since these contaminants
are often sequestered in anaerobic environments, however, it is important ta investigate the microbially mediated
degradation of PAHs in these types of ecosystems. Recently PAH degradation has been demonstrated in anaera-
bic marine sediment microcasms and in anaerobic enrichment reactors. Both sulfate reducing and denitrifying
conditions have been used in PAH degradation experiments. Although no isolates have been obtained fram
marine systems, we are a step closer to obtaining pure cvttures. Degradation activity of phenanthrene has been
obtained from mixed microbial population grawth on agar plates.

To obtain isolates we have adopted strategies that hove been successful for isolating anaerobic toluene
degraders ond chlorophenal degraders. Central to these strategies is the utilization of culture techniques that
closely model the natvral enviranment. As a result, it is often necessary to modify culture methods ta better suit our
needs. For example, although Artificial Seawater  ASW! is a defined medium, we have found evidence that actvol
seawater supported better microbial activity in PAH enrichments, Finally, the mast important component of obtain-
ing anaerobic isolates is having patience. It is not uncommon for six months to a year to pass before activity is
observed in an enrichment and it may be twice that amount of time before a pure culture or defined culture is
obtained.

There are several benefits associated with obtaining pure cultures that degrade PAHs anaerobically. 1! Novel
catabolic pathways may be discovered and pure cultures will facilitate the study af those pathways. 2! Optimiza-
tion of PAH degradation can be studied in detail, 3! Associations with other anaerobic microorganisms that may
stimulate PAH degradation can be investigated. 4! New microbial diversity may be discovered. 5! Catalysis
pathways may provide enzymes that hove economic value, 6! It moy be possible to manipulate a pure culture
genetically to degrade PAHs more efficiently.



Alternatives to Oxygen-Driven Degradation of Organic Contaminants in Marine Sediments
Stuart E. Strand, College of Forest Resources, University of Washington, Seattle

Recent publications have provided convincing evidence for the degradation of benzene, naphthalene, and
phenanthrene in anaerobic sediments. Recent results from work at the University of Washington were presented
showing the effects of nitrate on phenanthrene degradation under denitrifying conditions. Along with earlier
demonstrations of the degradation of creosotes, toluene, xylene, and other oxygenated aromatics, it is apparent
that this class of hydrocarbons is more labile in sediments than previously thought. Anaerobic bacteria can oxidize
these pollvtants all the way to carbon dioxide and may ploy an important role in the ultimate fate of aromatic
hydrocarbons located deep in sediments and vnder caps applied for remediation purposes.

Molecular Methods for Determining the Composition of Microbial Communities in Marine Sediments
Russell P. Herwig, School of Fisheries, University of Washington, Seattle

For many years microbiologists have attempted to determine the composition of the microbial communities that
reside in the sediments of marine environments. Microorganisms that live in sediments are responsible for the
degradation and recycling of the organic matter that falls onto sediments from the overlying waters. Study of
sediment microorganisms is important to the stvdy of marine bioremediation because many of the pollvtants and
toxicants that enter the marine environment are eventually deposited in the sediments. In the past, microbiologists
have used culture methods to enumerate, isolate, and identify microorganisms that inhabit marine sediments. These
methods depend upon the ability of the organisms present in a sediment sample to grow to large numbers under
laboratory conditions. No bacteriological medium or laboratory condition supports the growth of the wide variety
of organisms that are found in marine sediments. Some investigators have suggested that less than l%%uo of the
organisms fovnd in environmental samples can be cultivated. Staining methods are used to estimate the total
number of microorganisms, but what can be done to describe the composition of the microbial community when
we can cultivate less than 1% of IC

In recent years techniques developed for modern molecular biology have been applied in microbial ecology
investigations, Our laboratory is examining the microbiol composition of a variety of environments using a molecu-
lar protocol. We do not need to grow the environmental organisms on microbiological media to perform our
analysis, Starting with less than onekalf of a gram of sediment, we lyse or break open the cells that are present,
isolate and purify the released DNA, amplify a particular segment of the DNA that can be used to identify
bacteria, and then segregate the amplified DNA so that we know that a particular fragment of DNA came from a
single bacterial cell present in the origina1 environmental sample. We then characterize the composition of the
microbial community based upon these DNA fragments, which we examine by sequencing, Our recent results
svggest that the surficial sediments of creoso~ontaminated Eagle Harbor contain a diverse population of
bacteria with at least six different bocterial groups represented. We also examined the composition of the surficial
sediments in Blakely Harbor, an uncontaminated site, and also found a diverse population of bacteria. Work is in
progress to scale-up our methods so a 1arger number of samples can be analyzed.

Potential Roles for Protozoa in the Bioremediation of PAHs in Marine Sediments
Evelyn Lessard, School of Oceanography, University of Washington, Seattle

Understanding the naturol processes of biodegradation of pollutants in marine sediments is an important first
step in formulating rational bioremediation actions. Bacteria and protozoa exist together in close association in
marine sediments, and therefore the interaction of protozoa and bacteria will affect biodegradation rates ond
pathways. Althovgh protozoa often redvce the standing stock of bacteria through grazing, protozoa may also



enhance the metabolic activity of bacteria and thus increase the overall dagrodation rate of a pollutant. To
determine the potantially beneficial action of protozoa we have studied naturally occurring protozoa in PAH-
contaminated sediments in Eagle Harbor, Puget Sound, and conducted laboratory work on protozoan enhance-
ment of PAH degradation by bacteria.

Development of a General System for Biosensor Characterization: Application to Surface Plasman
Resonance  SPR! and Chemiluminescence
Clement E. Furlong and Richard G. Woadbury, Medical Genetics, University of Washington; Sinclair S.
Yee, Department of Electrical Engineering, University of Washington; Lloyd Burgess and Heather
Edberg, Department of Chemistry, University of Washington; Rick Carr, Jerry L. Elkind, Dwight
Bartholomew and Jose L. Melendez, Texas instruments, Dallas, Texas

The aim of the described research is to develop protein-based biosansor systems for a broad range of marina
applications. In the process of pursuing this goal, we have developed o general system for sensor development
and testing. The approach that we are using is applicable to signal transduction systems based on surface
plosmon resonance, chamiluminascance, fluorescence, and mass, as well as other phenomena. One of our
specific goals is to develop a general system that will allow for the systematic characterization of the effects of the
affinity of the sensor specificity element for the target analyta, the effect of analyte mass on signal size, and the
general performance of the sensor system with respect to sensilivity and selectivity. At the same time, this system
should allow for the characterization of the distribution of biospecificity elements on the sensor surface. We chose
the anti-fluorescein monoclonal antibody approach for this development system, because the antigen fluorescain
can be attached ta many different molacules and organisms through free amina groups via reaction with fluores-
cain isothiocyanate. Also, wall-characterized monoclonol antibodies with a broad range of Kd values are avail
able. The fluorescent epitope allows for both rapid and detailed examination of the distribution of the immobilized
antibodies on the sensor surface.

Commercialization of sensor technology requires that both the electronic and biological components be
manufacturable via cosMffactiva processes. The other component of our research is aimed at developing rapid,
cost-effective procedures for producing proteins to usa in biosansor applications.

Field Trials of Fertilization to Enhance Bioremediation of Contaminated Beach Sands
Albert D. Venosa, U.S. Enviranmental Pratechon Agency, Cincinnati, Ohio

In the summer of 1994, a field study was undertaken in Delaware by researchers from U.S, EPA<incinnati
and the University of Cincinnati in cooperation with tha state of Delaware. Light crude oil was intentionally
released onto segregated plots to evaluate bioramediotion. The study objectives were to obtain credible statistical
evidence to determine if bioramadiation with inorganic mineral nutrients and/or microbial inoculation enhanced
the removal of crude oil contaminating o sandy beach, and to compute intrinsic and enhanced biodegradation
rates. Biodegradation was tracked by GC/MS analysis af selected components, and the measured concentra-
tions were corrected for abiotic removal by hopana normalization. Five raplicatas of three treatments were
evaluated: an oiled no-nutriant control, addition of water soluble nutriants, and addition of water soluble nutriants
supplemented with a natural microbial inoculum from the site.

Although substantial hydrocarbon biodegradation occurred in the untreated plots, statistically significant
differences between untreated and treated plots were observed in the biodegradation rates of alkana ond
aromatic hydrocorbons. First order rate constants for disappearance of individual hopona-normalized saturates



and PAHs were computed, and the patterns of loss were typical of biodegradation. Significant differences were
not observed between plots treated with nutrients alone and piots treoted with nutrients ond the indigenous
inoculum. The high rate of oil biodegradation that was observed in the untreated plots was attributed to the
relatively high background nitrogen concentrations that were measured at the site.

Even though oil loss was enhanced by nutrient addition, active biorernediation in the form of exogenous
nutrient addition might not be appropriate in cases where background nutrient levels are already sufficiently high
to support high intrinsic rates of hydrocarbon biodegradation,

d~ancl'Discussion: 'Pcclc~al'Gppowiunitics in cJNa~inc

%ioccmcd'iaiion and Bioicclsnology
David Boron, U.S, Department of Energy; Jane Dionne, National Science Foundation; Albert D.
Venosa, U.S. Environmental Protection Agency; Usha Varanasi, National Marine Fisheries Service; Al
Mearns, Hazmat, National Oceanic and Atmospheric Administration

The panelists discussed their agencies' perspectives on the future of marine bioremediation and
extremazymes.

David Boron, U.S. Department of Energy, discussed aspects of the Biological and Chemical Technologies
Research Program at the U.S, Department of Energy Office of Industrial Technologies. The program's mission
regording bioprocessing in extreme environments is to stimulate and nurture the development, testing, and com-
mercial deployment of advanced chemical and biological technologies. Research areas include non-aqueous
phase bioprocessing, bioprocessing in other extreme environments, and product recovery and separation tech-
nologiess.

Jane Dionne, National Science Foundation, reported on contamination at National Science Foundation
research stations in Antarctica, Contamination includes hydrocarbons and heavy metals in sediments and on the
sea floor, the result of poor waste disposal practices in the past, Dredging sediment and transporting it to the U.S.
for treatment would be difficult and expensive. Therefore N.S.F. is investigating in situ remediation options.

Albert D. Venosa, U.S. Environmental Protection Agency, reported that the U.S. Environmental Protection
Agency is emphasizing research on inland oil spills, which account for about half the nation's spills, and has
estabhshed a competitive grant program for university researchers.

Usho Varanasi, National Marine Fisheries Service, reports that National Marine Fisheries Service researchers
have determmed that contaminant exposure Impacts the health of fish, including runs of endangered salmon,
possibly by causing immunological impairment. NMFS ond its parent agency, the National Oceanic and Atmo-
spheric Administration, are researching means to contain or reduce contaminants through bioremediation.

Al Mearns, Mazmat, National Oceanic and Atmospheric Admirustration, discussed oil spill cleanup. The
toolbox of spill response technologies includes in situ burning and use of dispersants to keep oil from shore.
Bioremediation and high-pressure hot water have been used in attempts to remove oil once it has reached shore.
Currently the agency is in its sixth year of monitoring high-pressure wash sites vs. control sites in Prince Vhlliam
Sound, site of the Exxon Voldez oil spill.



Michael W. Adams is a research professor of biochemistry, molecular biology, and microbiology, and co-
director of the Center for Metalloenzyme Studies at the University of Georgia, His research interests involve the
physiological, biochemical, spectroscopic, ond structural characterization of a variety of metaMontaining enzymes
ond redox proteins obtoined from hyperthermophiles.

Dr. Adams' previous professional experience includes six years as o research and senior biochemist at the
Corporate Research Laboratories of Exxon Research ond Engineering Co. in Annandale, New Jersey, and two
years as a postdoctorate research associate at Purdue University. He is currently editor of Systematic and Applied
Microbiology and FEMS Microbiology Reviews. He received B.S. and Ph.D, degrees in Biochemistry from King s
College, the University of London, England.

John Baross is a professor in the University of Washington's School of Oceanography. His research focuses
on the isolation and taxonomy, physiology, ond ecology of deep-sea hyperthermophiles and on the ecology of
marine bocterial viruses.

Prior to coming to the University of Washington, Dr, Baross was a professor of oceanography at the University
of Oregon. He received a B.S. and M.S. from California State University, San Francisco, Calif.; and o Ph,D. from
the University of Washington, Seattle, Wash.

David Boron is a biologist with the Office of Industrial Crosscut Technology at the U.S. Department of
Energy, Washington, D,C.

Jody W. Deming is a professor of oceanography and director of the Marine Bioremediation Program at the
University of Washington. Her research interests include fundamental aspects of the behavior of natural microbial
populations in marine sediments and in extreme environments such as deep-sea and polar sediments.

Prior to coming to the University of Washington, Dr. Deming was a research scientist and associate professor
at Johns Hopkins University and a staff scientist at the Center of Marine Biotechnology, University of Maryland.
She received a B.S. from Smith College and a Ph.D. from the University of Maryland,

Jane Dionne is program manager for Antarctic Environmental Research, Office of Polar Programs, at the
National Science Foundation, Washington, D.C. Dr. Dionne has also worked at the U.S. Department of Energy in
environmental and fossil fuel policy. She received o B.A. in geology and geography at the University of Connecti-
cut, and an M.A. and Ph.D. in geology from George Washington University.

Clement Furlong is a research professor in the Division of Medical Genetics and the Deportment of Genetics
at the University of Washington. In addition to his research in bioremediation and biosensors, Professor Furlong's
laboratory is studying the genetic variability of organosphere sensitivity in humans.

Prior to coming to the U.W., Dr. Furlong was a research associate professor in the Biochemistry Department at
the University of California, Riverside. He holds a B.A, in chemistry from San Jose State College, and a Ph.D. in
biochemistry from the University of California-Davis. He held a postdoctoral appointment at Cornell University.

Pat Hardisty is a research scientist in the Environmental and Tactical Systems Department, Applied Physics
Laboratory, University of Washington. Ms, Hardisty has extensive experience in graphic design and photography,
She received B.A. degrees from the University of Woshington.

Russell P. Herwig is a research assistant professor in the University of Washington's School of Fisheries. His
research focuses on the composition of microbial communities in marine sediments, isolating characterizing
organisms that degrade monocyclic and polycyclic aromatic hydrocarbons, and characterizing genes responsible



for PAH degradation. He has been o visiting faculty member at the Remediation Laboratory at the U.S. Novy
NRaD Laboratory in San Diego.

Robert M. Kelly is a professor of chemical engineering at North Carolina State University. His research
interests include microbiol physiology, biochemistry, and biochemical engineering, with a focus on extremophilic
microorganisms.

Dr. Kelly's previous professional experience includes work at tha DuPont Marshall Loboratory in Philadelphia
ond as a member of the faculties of chemical engineering at Johns Hopkins University and the Center of Marine
Biotechnology, University of Maryland. CurrenHy, he is chair of the Food, Pharmaceutical and Bioengineering
Division of the American Institute of Chemical Engineers  AIChE! and a fellow of the American Institute for Medi-
cal ond Biological Engineering  AIMBE], Dr, Kelly holds degrees in chemical engineering from the University of
Virginia  B,S. and M.S.! and North Carolina State  Ph.D!.

Barbara Krieger-Brockett is an associate professor in Chemical Engineering at the University of Washing-
ton. In addition to the study of polluted marine sediments, her research interests include fuel chemistry research,
and wood pyrolysis ond combustion.

Prior to coming to the University of Washington, Dr. Krieger-Brockatt was a research engineer at the Institute
Francois du Petrole  near Paris! and at General Motors Research Labs, He received a B.S, from the University of
Washington and a Ph.D. from Wayne State University.

Evelyn Lessard is an associate professor in the University of Washington's School of Oceanography. Her
research interests include marine microzooplankton ecology, the role of benthic protozoa in marine
bioremadiation, protozoan physiology, and the application of molecular techniques to ecological questions.

Dr. Lessard has been a participant in more than 25 oceanographic cruises and a chief scientist on two. She
received a B.A, in biology from Middlebury College, an M.S. in microbiology from the University of Rhode Island,
and a Ph,D. in oceanography from Rhode Island.

Hal Marlow is a senior project environmental scientist with Hart Crowser, Inc., in Anchorage, Alaska. He
works on characterizing hazardous waste sites and determining the feasibilily of bioremadiation as a remedial
alternative. Mr. Marlow received a B.S. in zoology from Western State College and an M.S. in environmental
science and engineering from Rice University.

Eric J. Mathvr is director of the Center for Molecular Diversity for Recombinont BioCatalysis, Inc, in La Jolla,
California. His research interests include the identification and characterization of enzymes from
hyperthermophilas. Prior to coming to Recombinant BioCatalysis, Mr. Mathur performed basic research at U.C.
Riverside and the Scripps Research Foundation. Ha also worked at Stratagana where he set up the Tharmophite
Research Unit and cloned Pfu DNA polymarase. Mr. Mathur received a B.S. in biology from U,C, Riverside.

Alan Mearns is the leader of the Biological Assessment Team, Hazardous Materials Response and Assess-
ment Division  HazMat!, National Oceonic and Atmospheric Administration  NOAA!, in Seattle, Wash.

Robert Sanford is a senior fellow in the University of Washington's Department of Microbiology, currently
working in an integrated research effort to isolate anaerobic PAH-degrading microorganisms. After receiving a
B.A. from Whitman College and an M.S. in microbiology from Colorado State University, he worked in the
bioremediation industry for five years. He then received o Ph.D. in microbiology from Michigan State University.

James 'r. Staley is a professor of microbiology at the University of Washington. Professor Staley's research
interests encompass microbial ecology, PAH degradation, and microbial evolution. He also studies polar sea ice
bacteria. Since 1976 he has served as trustee and editorial board member of the Bergey klanual of Systematic
Bacteri ology.

David Stensel is a professor in the University of Washington's Environmental Engineering ond Science



Program in the Department of Civil Engineering. Wis research interests over the past 10 years have included
biological processes and design applications for hazardous site bioremediation.

Prior to coming to the University of Washington, Dr. Stensel was a professor at the University of Utah's Depart-
ment of Civil Engineering. Before that he worked in private industry, serving as the director of environmental
technology for Envirotech in Salt Lake City. Dr. Stensel is o registered professional engineer and a diplomate in the
American Academy of Environmental Engineers. We received a B.S. in Civil Engineering at Union College,
Schenectady, N.Y. and an M,S. and Ph.D. in Environmental Engineering from Cornell University, ithaca, N.Y.

Stuart E. Strand is an associate research professor in the College of Forest Resources, University of Washing-
ton. Currently he is participating in an integrated research effort to isolate anoerobic PAWdegrading microorgan-
isms. Dr. Strand received a B.S. in aeronautical engineering ond o M.S. in environmental engineering from Ohio
State University, and Ph.D. in environmental engineering from Pennsylvania State University.

Usha Varanasi is director of the Northwest Fisheries Science Center, National Marine Fisheries Service,
National Oceanic and Atmospheric Administration, Seattle,

Albert D. Venasa is program manager of the Oil Spill Biaremediation Research Program, U.S, Environmental
Protection Agency, National Risk Management Research Laboratory, Cincinnati. Wis research interests include
developing protocols for testing the effectiveness of bioremediation products, developing microbiological and
chemical analysis of oil spill bioremediation activities, and developing improved scientific understanding of
biodegradation mechanisms.

Dr. Venosa received a B.S. in microbiology, an M.S. in environmental engineering, and o Ph.D. in environmen-
tal science from the University of Cincinnati.



The following lists posters displayed during the reception September 24, 1996 For contact information, see the porticiponts list
storting on page 22.

Extremozymes

Shelly Carpenter and Jody Darning
An Approach to measuring in situ rates of extremophile activity in deep-sea hydrothermal vent fluids

James F. Holden, Andraa M. Hutchins, Michael W.W. Adams, and John A. Baross
Effect of temperature and pressure on the physiology and survival of the hyperthermophilic sulfur-reducing
archaea Pyrococcvs spp.

Adrienne Huston, Shelly Carpenter, and Jody Darning
Potential for cold-adapted enzymes from exztremely psychrophilic arctic bacteria

Karen Junge, J,T. Staley, and Jody Darning
Microbial community analysis of arctic sea ic~ source for extreme psychrophiles

Melanic Summit, Bradley R. Scott, Kirk B. Nielson, Eric A. Mathur, and John A. Baross
Pressure enhances the thermostability of DNA polymerase from three thennophilic organisms

Yves-Alain Vetter and Jody Darning
Fraalydiffusing versus substrata-binding hydrolytic octivity of enzymes released from eight marine bacteria

Sediment Bioremedicttian

Krista Anders and J, Ferguson
Anaerobic tronsformation of chlorophenolics in marine environments

Bernodita F. Anulacion, Tom Hom, William L Reichert, and Tracy K. Collier
Temporal changes in CYPIA, DNA adducts, and contaminant residues in fish removed from contaminated areas

Xiao Hua Cai, Jaggat Adhiya, Samuel Traina, and Richard Sayre
Cadmium binding and tolerance in transgenic algae

Shelly Carpenter, W. Smith, Barbara Krieger-Brockett, and Jody Darning
An approach to estimating in situ PAH degradation rates in Eogle Harbor sediments

Shelly Corpenter and Jody Deming
Eagle Harbor superfund site: UW marine bioremediahon study area

Andria M. Costello, Sergei Stoliai, and Mary E. Lidstrom
Multiple sets of genes for the copper methane monooxygenase in methanotrophs



Clement Furlong
Bacteria involved in hydrocarbon degradation

Allison Geiselbrecht, B.P. Hedlund, and Jim Staley
The distribution of a PAHdegrading genus in the marine environment

James Gray and Russell Herwig
Phylogenetic analysis of the bacterial consortia in Eagle Harbor and Blakely Harbor

Brian Hedlund, Allison Geiselbrecht, and Jim Staley
Dioxygenase and phylogenetic diversity among morine PAH-degrading bacteria

Russell Herwig, James Gray, J,E. Park
Fatty acid analysis of heterotrophic marine bacteria&evelopment of an identification database

Jonathan Z. Kaye and John A. Baross
The bioremediation potential of cadmium-tolerant microbes isolated from hydrothermal vent environments

Barbara Krieger-Brockett
Rote comparisons for processes in bioremediation

Bing-Sun Lee, John L. Ballister
Carbon tetrachloride removal in anoxic and oxic marine environments

Evelyn Lessard, Kara Nakata, C. Laetz, D. Montagnes, and Mike Foy
Distribution and abundance of protozoa in PAH contaminated and uncontaminated sediments in Puget Sound

Mary Lidstrom
Enrichment of a marine methanotrophic population ond its kinetics of methane and TCE oxidation

James Movius, M,A, Stoecker, S,M, Machlin, and Jim Staley
Cadmium resistance in Rhodoccus NOl-l

Tom Poetan and H.D. Stensel
Sorption and biological interaction for PAH removal from marine sediments

Karl Rockne, H,D. Stensel, and Stuart Strand
Transformations of polyarornatic hydrocarbons in marine nitrate reducing enrichments

Karl Rockne, H.D. Stensel, Russell Herwig, ond Stuart Strand
Co-metabolic enhancement of PAH degradation by marine methanotrophic enrichment cultures

Robert Sanford, Joanne Chee-Sanford, K. Rockne, S, Strand, Jim Staley, and John Leigh
Isolation of PAH-degrading anaerobes

J.L, Schmidt, Jody Deming, PA. Jumars, and R.G. Keil
A basic question for sediment bioremediation: What is the relevant reference frame of the bacterial

Jill Schmidt and Jody Derning
A new technique to assess actively respiring bacterial in cold marine sediments



Matthew Stoecker, S.M. Machlin and Jim Staley
A tw~omponent system controls expression of an emulsion-stabilizing capsule in Rhodococcus NO 1-1

Cliff Wang
Cadmium removal by a Pseudornanas sp.

Marine Biotechnology

E,V. Armbrust and T, Rynearson
The development of genetic engineering in marine diatoms

Paul Bentzen and Adrian Spidle
Development and use of microsatellites for marine conservation genetics

Rose Ann Cattolico and E. Doran

How does light control phytoplankton growths

Laurie Connell and Rose Ann Cattolico

Development of an oligonucleootide bosed Hetorasigrna carterae "kit" for use by aquaculturists

Lee Hadwiger
Anti-cancer gene regulatory properties of chitosan

Lyndal L Johnson and John T, Landahl
Contaminant exposure and population growth of English sole  Pleuronectes vetu/usj in Puget Sound

Marine Molecular Biotechnology Laboratory, University of Washington
Marine Molecular Biotechnology Laboratory web site

Gary Shigenaka and Rebecca Hoff
Prince William Sound-an ecosystem in transition

Scott L. Wallen, J. L. Fulton, D.M. Pfund, M. Newville and E.A. Stern
ion hydration in supercritical water solutions
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Washington Sea Grant Program  WSGP!

Megan Bailiff and Andrea Copping
WSGP fellowships

Nancy Blanton
WSGP on the world wide web

Nancy Blanton
WSG P's award. winning publications

Jim Bolger
Sound Boater program

Tom Dowd

Ports and marine transportation

Sarah Fisken, Steve Harbell, and Ed Melvin
Safety at sea

Kris Freeman

WSGP in the news

Robert Goodwin
Revitalizing small cities' waterfronts

Patricia Hardisty
Puget Sound CD. ROM

Teri King
Shellfish bed restoration

Edward Melvin

Reduction of seabird bycatch in salmon drift gillnet fisheries

Terry Nosho
Aquaculture

Eric Olsson

Education for preventing oil spills

Michael Spranger
Global environmental change education

Michael Spranger
MAS overview



Adams, Michael
Research Professor

University of Georgia
Biochemistry 8 Molecular Biology
Life Sciences Building
Green Street

Athens, GA 30602-7229
706/542-2060
adam smtebscr.uga.edu

Ahmed, Soiyed
Professor

University of Washington
Oceanography, Box 357940
Seattle, WA 98195
206/543-7348
ahmedOocean.washingtan.edu

Alexander, Angelia
Professor

Pocific Lutheran University
Dept. of Biology
Tacoma, WA 98447
206/535-7545
alexanagOplu.edu

Anders, Krista
Graduate Student

UW Civil Engineering, Box 352700
c/o John Ferguson
Seattle, WA 98195

Aune, Greg
Student

Pacific Lutheron University
Dept. of Biology
c/o Professor A. Alexander
Tocoma, WA 98447
206/535-7545

Bailiff, Megan
Senior Program Associate
Washington Seo Grant Program
University of Washington,
Box 355060

Seattle, WA 98105-6716
206/685-1108
mba iliffe'u.washington.edu

Baird, Ron
Director

National Seo Grant Program
NOAA, Sea Grant R/OR I
1315 East-West Highway, ¹11716
Silver Spring, MD 209/103-226
301/713.2448
rbairdOrdc.noaa.gov

Boross, John
Professor
University of Washington
Oceanography, Box 357940
Seattle, WA 98195
206/5434833
jboross@u.washington.edu

Bernard, Eddie
Director

Pacific Marine Environmental Lab
OAR/NOAA
7600 Sand Point Way NE
Seattle, WA 981154070
206/5264800
bernardOpmel.noaa.gov

Blanton, Nancy
Communications Manoger
Washington Sea Grant Program
University of Woshington,
Bax 355060

Seattle, WA 98195
206/685-9215
nblontonOu.washington.edu

Bolger, Jim
Marine Water Quality Specialist
Washingtan Sea Grant Progrom
University of Washington,
Box 355060

Seaffie, WA 981054716
360/876 7157
jbolgerOu.washington,edu

Boron, David
Biologist
Office of Industrial Crosscut

Technology
U.S. Dept. of Energy
Washington, DC

Brown, Don
Nationa I Marine Fisheries Service
2725 Montlake Blvd. E.

Seattle, WA 98112
206/860-3300

Burke, Williom
Professor

University of Washington
School of Low, Box 355600
Seattle, WA 98105
206/543-2275
burke@u.woshington.edu

Butterfield, David
Oceanographer
University of Woshington
NOAA/PML
7600 Sand Point Way NE
Seattle, WA 98115
206/52M722
butterfieldlprnel.noaa.gov

Cai, Xiao Hua
Student

Ohio State University
Biophysics Progrom
2021 Coffey Rd.
Columbus, OH 43210
614/292-9030
xhcaifOmagnus.osu,edu

Corpenter, Shelty
Oceanographer
University of Washington
Oceanagraphy, Box 357940
Seattle, WA 98195
206/685-1 626
seashe@u,washington.edu

Cattolico, Rose Ann
Professor
University of Washington
Botany, Box 355325
Seattle, WA 98195
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Chodsey, Meg
Groduate Student

University of Washington
Micrabiology Hughes Lab
3629 Bagley Ave N.
Seattle, WA 98103
206/543-3147
darbyou.washington.edu

Chee-Sanford, Joanne
Post Doctoral Student

University of Washington
Microbiology, Box 357242
Seattle, WA 98195

Chen, Chun
Student

University of Washington
Civil Engineering, Box 352700
Seaffle, WA 98195

Chevillon, Vic
Manager
Placer Dome US Inc.

U S Exploration
240 S. Rock

Reno, NV 98502
702/856-2552
vchevillonoluetworld.corn

Chin, We&hun
UW Center for Bioengineering
Box 357962

Seattle, WA 98195
206/685-2013
weichunou,washington.edu

Chow, Kevin
Student

University of British Columbia
300 - 6174 University Blvd.
Vancouver, BC
CANADA V6T 1S3

604/822-9308
kchowounixg.ubc.ca

Cook, Susan
Program Assistant,
Communicotions

Washington Sea Grant Program
University of Washington
Box 355060

Seattle, WA 98105-6716
206/685-2606
secoakou.washington.edu

Copping, Andrea
Assistant Director

Washington Sea Grant Program
University of Woshingtan
Box 355060

Seottle, WA 98195
206/6 85-8209
ocoppingou.washington.edu

Cort, John
Graduate Research Assistant

University of Washingtan
Chemistry, Box 351700
Seattle, WA 98195
206/616-2993
johnopeptide.chem.washington.edu

Costello, Andria
Graduate Student

Caltech/UW
Chemical Engineering,' Box 351750
Seattle, WA 98195
206/616.8186
ondriacou.washington.edu

del Cardayte, Steve
Possdoc Student

UBC Microbiology
300 - 6174 University Blvd.
Vancouver, BC
CANADA V6T 1S3

604/822-9308
steveodavies.microbiology. ubc.ca

De ming, Jody
Professor 8, Director

University of Washington
Marine Bioremediation Progrom
Box 357940

Seattle, WA 98195
206/543-0845
jdemingou.washington.edu

Dianne, Jane

Program Manoger
Antarctic Environmentol Reseorch
Notional Science Foundatian

4201 Wilson Blvd.

Arlington, YA 22230
703/306-1033
jdionneonsf,gov

Doran, Ed
Researcher

University of Washington
Oceanography, Box 357940
Seattle, WA 98195
206/5434882
edaranoocean.washington,edu

Dorsey, Laura
Indushial Research Marketing
Manager
Washington Technology Center
Box 352140

Seattie, WA 98195-2140
206/6854809
Idorsey@u.woshington.edu

Dowd, Tom
Port! ndustries Speciohst
Washingtan Sea Grant Program
University of Washington
Box 355060

Seattle, WA 981054716

206/685-2430
tdowcou.washington.edu

Downs, Jodie
Student

Pacific Lutheron University
Dept. of Biology
c/o Professor A. Alexander
Tacoma, WA 98447
206/535.7545

Echols, Louie
Director

Washington Sea Grant Program
University of Woshington,
Box 355060

Seattle, WA 98105-6716
206/5434600
echolsou,washington.edu

Edbeig, Weather
Graduate Student

University of Washington
Chemistry, Box 351700
Seattle, WA 98195
206/543-3433

Ferguson, John
Choirman

UW Civil Engineering
Box 352700

Seottle, WA 98195
206/543-2390



Fisken, Sarah
Program Coordinator
Washington Sea Grant Program
Fishermen's Termino

1735 W, Thurmon

West Wall Bldg, ¹124
Seattle, WA 98119

206/543.1225
sfiskenOu.washington.edu

Foy, Mike
Oceanogropher
University of Woshington
Oceanography, Box 357940
Seaffle, WA 98195
206/543-9658
mfoyOoceon.washingtan.edu

Franklin, Anita
Pacific Lutheran University
Dept, of Biology
c/o Professor A, Alexander
Tacomo, WA 98447

206/535-7475

Freeman, Kris
Science Writer, Communications
Washington Sea Grant Program
University of Washington,
Bax 355060

Seattle, WA 981054716
206/685-8191
kfreemanOu,washington.edu

Furlong, Clement
Research Professor

University of Washington
Medicol Genetics, Box 257720
Seattle, WA 98195
206/543-1193
clem@u,washington,edu

Gae, Arthur
Professor

Pacific Lutheran University
Balteile MSL

12180 South 121st Street

Tacoma, WA 98444
206/531-5767
geea@plu.edu

Geil, Kathy
Graduate Student

University of Washington
17533 - 12th Ava. NE

Seattle, WA 98155
206/3674136
kgeilOu.washington.edu

Geiselbrecht, Alhson
Graduate Student

University of Washington
Microbiology, Box 357242
Seottle, WA 98195

Goodwin, Robert
Coastal Resources Specialist
Woshington Seo Grant Program
University of Washington,
Box 355060

Seattle, WA 981054716
206/685-2452
goodrfOu.washington.edu

Gray, James
Research Technicion
University of Washington
School of Fisheries, Box 357980
Seattle, WA 98'l95
206/685.3016
jpOu.washington,edu

Hommond, Steven
Manager
NOAA Vents Program
2115 SE OSU Drive

Newport, OR 97365
541/86741 83
HarnmondOpmei.nooa.gov

Harbell, Steve
Marine Field Agent
Washington Seo Grant Program
South Band Courthouse

PO Box 88

South Bend, WA 98586
360/875-9331
sharbellOu.woshinglon.edu

Hosweli, Christine
Student

University af Washington
Chemical Engineering, Box 351750
Seattle, WA 98195
206/432-7345
haswelcbOu.washington.edu

Hatheway, William
Emeritus Professor

UW, School of forestry
7615 E. Mercer Way
Mercer Island, WA 98040

Hedlund, Brian
Graduate Student

University of Woshington
Microbiology, Box 357242
Seottle, WA 98195
bianch@u.washington.edu

Herwig, Russ
Research Asst. Professor

University of Woshington
School of Fisheries, Box 357980
Seattle, WA 98195
206/685-2163
herwigOu.washington,edu

Hoff, Rebecca
Marine Biologist
NOAA Hazmat

7600 Sand Point Woy NE
BINC15700

Seattle, WA 98115
206/52 M276
rhoffOhazmat.noaa.gov

Hopkins, Paul
Professor 8 Chair

University of Woshingtan
Dept. of Chemistry, Box 351700
Seattle, WA 98195-'1700
206/543-1613
choir@chem.woshington,edu

Huston, Adrienne
Graduate Student
University of Washington
Oceanography, Box 357940
Seattle, WA 98195
ahuston@u.wa shin gtan.edu



Hulley, Caral
Foster Wheeler Enviranmentol

10900 NE 8th St, Suite 1300

Bellevue, WA 980044405
206/688-3 738

Junge, Karen
Groduote Student

University of Washington
Oceanagraphy, Box 357940
Seattle, WA 98195

Kaye, Janathan
Graduate Student

University of Woshington
Oceanography, Box 357940
Seattle, WA 98195
lzkaye@u.washington.edu

Keil, Rick
Assistant Professor

University of Woshington
Oceanography, Box 357940
Seattle, WA 98195
206/616-1947
rickkeilOocean.washington.edu

Kelleher, Tom
Director

Process Development
ZymoGenetics Inc,
1201 Eastlake Ave. E.

Seattle, WA 98102

206/442%811

Keller, John, Professor
University of Alosko Foirbonks
Chemistry 8 Biachemistry
Fairbanks, AK 997754160
907/4744042
ffjwkOauroro.alasko.edu

Kelly, Robert
Professor

North Carolina State University
Chemical Engineering
PO Box 7905

Raleigh, NC 27695-7905

King, Teri
Marine Water Quality Specialist
Washington Sea Grant Program
N. 11840 Highway 101
Shelton, WA 98584
360/427-9670.396
guatemalOu.washington.edu

Kingery, Julie
Student

Pacific Lutheran University
403.1/2 Gorheld St. S. ¹23
Tacoma, WA 98444
360/5394839
kingerjd@plu edu

Kirshenbaum, Noel
Manager R 8 D
Placer Dome U.S inc,

1 California Street

San Francisco, CA 94115
415/986-0740

Krieger-Brocketl, Barboro
Associate Professor
University of Washington
Chemical Engineering
Bax 351750

Seaffle, WA 98195
206/543-2216
krieger@cheme.washington.edu

Kringei, Keli
Graduate Student
University of Washington
Oceanography, Bax 357940
Seoffle, WA 98195
206/543-3469
kringelOocean.washington,edu

Kuluho, Aarone
Student

Pacific Lutheran University
Bialogy Dept.
Tacoma WA 98447

Laura, Rich
Graduate Student

University of Washington
Biochemistry
301 NE 40th Street

Seaffle, WA 98105
206/6854961
rpl@u.woshington.edu

Led ger wood, Geoff
Student

Fass Hall ¹307

Pacific Lutheran Universiiy
Tacomo, WA 98447
360/535-8623
ledgergt@plu.edu

Lee, Bing-Sun
Graduate Student
University of Washington
Oceanography, Box 357940
Seattle, WA 98195
206/5264264
bleeOu.woshington.edu

Leigh, John
Associate Professor

University of Woshingtan
Microbiology, Box 357242
Seaffle, WA 98l95
206/685.1390
leighjOu.washington.edu

Lessord, Evelyn
Associote Professar
University of Washington
Oceanography, Box 357940
Seaffle, WA 98'l95
206/543-8795
elessard@u.washington,edu

Lidstrom, Mary, Professor
University of Washington
Chemical Engineering
Box 351750

Seaffie, WA 98195
206/6165282
lidstrom@cheme.washington.edu

Loe, Vicki
Graphic Designer
Cammunicatians

Washington Sea Grant Program
Unrversity of Washington
Box 355060

Seattle, WA 981054716
206/685-2607
vloe@u.washington,edu

Louie, Tai-Man

Ph.D. Student

University af British Columbia
300 - 6174 University Blvd.
Voncauver, BC
CANADA V6T 1$3

604/822-5646

25



Moloof, Julin
Student
University of California
Biochemistry, Box 0554
Son Francisco, CA 94143.0554
415/476-9869
ma toofOcg I, ucsf,edu

Marlow, Hal
Hart Crowser, Inc.
2550 Denali, Suite 705
Anchorage, AK 99503
907/276-7475

Martin, Vincent

Ph,D. Student

Vancouver, BC

CANADA

604/822-5646
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