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Project Description

Problem Statement

Oyster management agencies in both Maryland and Virginia have adopted aggressive restoration programs to enhance the natural populations that have fallen to record low levels in both states.  Restoration has focused primarily on the replacement of critical habitat (oyster shell) and the establishment and preservation of broodstock populations.  However, two diseases continue to be rampant in most regions of the Bay and restoration efforts have typically NOT incorporated disease management strategies into the restoration effort.

MSX disease, caused by Haplosporidium nesloni, is intermittent and unpredictable year to year, but it is limited to moderate to high salinities (>12 ppt).  Dermo disease, caused by the protozoan parasite Perkinsus marinus, has killed millions of oysters in Chesapeake Bay since it was first described in the 1940s.  It is found in oysters throughout Chesapeake Bay, is highly contagious, and can spread rapidly among oysters.  Previous studies have documented that disease-related mortality and infection rates are positively correlated with salinity (Ragone and Burreson 1993, Mackin 1956, Mackin 1962, Ray 1954).  However, the spread of P. marinus into historically low salinity areas of the Bay in the late 1980s (Burreson and Ragone Calvo, 1996) and its persistence in many if not most of these areas, even in the absence of host mortality, has raised questions about the parasite’s transmissibility in low salinity.  

A number of recent events or observations have further highlighted the need for a better understanding of P. marinus transmission at low salinity.  First, Dr. Eric Powell in open discussion at the ODRP workshop in Hilton Head, SC, stated that the Hofmann/Powell/ Klinck model did not accurately simulate James River Perkinsus data at some stations, undoubtedly because of our poor understanding of transmission dynamics in low salinity (or maybe more simply—stated that lack of knowledge of transmission in low salinity was a limitation of the present model).  Second, the Chesapeake Research Consortium oyster restoration “consensus document” (CRC, 2000) cautions strongly against moving Perkinsus-infected oysters into lower salinity because of the possibility of continued reintroduction of the pathogen into low salinity areas.  Nonetheless, both Virginia and Maryland routinely move infected seed oysters into lower salinity areas for growout and harvest purposes.  Managers need to know what impact such movements have on the infection dynamics in these areas.  For example, does it increase the number of P. marinus cells in the water column thereby increasing the possibility of transmission?  Third, P. marinus acquisition can vary greatly within a narrow salinity range (Fig. 1, Paynter 2001). Prevalence of P. marinus in oysters deployed on the bottom at various sites in the Choptank and Patuxent Rivers varied from 10-100% even though salinities at all sites compared were within a few ppt of each other.  We do not understand the mechanisms governing these infection rates, but suspect that water-borne parasite cells are more abundant in those areas where disease acquisition is regularly higher.  

Many studies have focused on the importance of environmental factors in the maintenance of host-parasite equilibrium (Rohde 1982; Grenfell and Dobson 1995).  The simplest conceptual model of disease dynamics is frequently drawn as three overlapping circles representing numerous host, parasite, and environmental factors.  The overlapping area represents the interaction of the factors that ultimately leads to the domain of a particular disease.  In a stablized system, interactions between host, parasite, and environmental factors result in equilibrium between host and parasite populations (Anderson and May 1978).  Alterations in conditions affecting any of the three components of the system can potentially result in destabilization resulting in parasite extinction or the initiation of an epizootic. Gaining an understanding of how environmental factors effect host-parasite relationships is often a challenge, but such an understanding is essential for predicting the onset and abatement of disease epizootics.
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In the case of P. marinus, temperature and salinity have been identified as the most important environmental factors affecting its interactions with its host C. virginica (Andrews 1988; Burreson and Ragone Calvo 1996).  Temperature appears to be the most important factor affecting the large-scale geographic distribution of the parasites (Burreson and Ragone Calvo 1996) and is primarily responsible for the seasonal periodicity of P. marinus observed within a particular geographic area.  In the Chesapeake Bay P. marinus exhibits a distinct seasonal periodicity in which prevalence and intensity increases during the summer months to annual maximums in September and October and then decreases during the late fall, winter, and early spring to annual minimums in April and May.  The relative abundance of the parasite within an estuary at any particular time is largely influenced by salinity.  Generally, P. marinus infections 
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Figure 2.  Model simulation results of predicted and actual observed P. marinus abundance for Wreck Shoal (top), Horsehead Rock (middle), and Deepwater Shoal (bottom) for the period 1994-1999 for condition in which annual transmission input is eliminated from model.  From Ragone Calvo et al. 2001.

remain light in intensity and no oyster mortality results if salinity is consistently less than 9 ppt, while high intensity infections and associated oyster mortality often occur in areas where salinities are greater than 12-15 ppt (Burreson and Ragone Calvo 1996).  In fact, a recently developed model for the population dynamics of P. marinus in Chesapeake Bay (Fig. 2, Ragone Calvo et al. 2001) predicts that the parasite would become extinct in low salinity areas unless periodic transmission events maintained those parasite levels.  Since present management practices in both Maryland and Virginia regularly transplant infected oysters to low salinity areas, higher than normal P. marinus levels may be maintained by those practices in those areas.  If those practices ceased, P. marinus may be reduced or become extinct in those areas.

Further elucidation of P. marinus transmission dynamics requires examination of environmental parasite abundances and in situ transmission rates. With the recent advancement of molecular techniques for the detection of P. marinus and the acquisition by VIMS of a state-of-the-art real-time PCR system for DNA quantitation we now have the required tools for sensitive, specific, and quantitative detection of P. marinus. Quantitative PCR can be used to determine the number of parasite cells in the water column.  Ambient water column samples – taken close to the sentinel oysters – can be filtered, the DNA can be extracted and the amount of parasite DNA on the filter can be quantified.  Preliminary studies have shown this to be a feasible and productive approach.  Perkinsus marinus-specific PCR primers designed for standard PCR assays have been successfully used in ‘real-time’ (quantitative) PCR to amplify DNA from water samples spiked with P. marinus cultured cells (Fig. 3). 
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Figure 3:  Perkinsus marinus cultured cells spiked into environmental water samples for DNA isolation and PCR amplification.  

I.  Ethidium bromide stained agarose gel of standard PCR reactions using two different sets of Perkinsus primers.  PCR reactions included A) unspiked York River Water (YRW); B) YRW spiked with cultured P. marinus 10 cells/ml; C) YRW spiked with cultured P. marinus 100 cells/ml D) YRW spiked with cultured P. marinus 1000 cells/ml; E) YRW spiked with cultured P. marinus 10,000 cells/ml and F) Genomic DNA of cultured P. marinus cells G) no DNA 

II.  Graph of PCR amplification products in 20 ul “real-time” reactions as detected by the LightCycler.  PCR reactions included DNA isolated from A) unspiked York River Water (YRW)–3 ul B) unspiked YRW–6 ul C) YRW spiked with cultured P. marinus cells 100 cells/ml-3ul  D)  YRW spiked with cultured P. marinus cells 100 cells/ml -6 ul  E) Genomic DNA of cultured P. marinus cells-3 ul  F) Plasmid DNA carrying P. marinus ITS region DNA-1 ul of diluted plasmid DNA and G) no DNA. The expected amplification product has a melting peak at 85˚ C and was only observed in samples containing P. marinus DNA.

III.  Amplification graph of fluorescence increase in PCR reactions in the LightCycler as described in II above.

This will provide us with a direct measure of the number of parasite being exposed to the oysters.  Our working hypothesis is that the more cells present in the water column, the more likely the oysters are to becoming infected.  However, this infectivity seems to be tempered by salinity in some way and may also be exacerbated by poor water quality such as low dissolved oxygen.   Our study should allow us to definitively describe the mechanisms of P. marinus transmission and the influence of poor water quality.

We propose to use these novel molecular tools to quantify the number of parasite cells in the water samples collected at several different sites within a narrow salinity range in both Maryland and Virginia.  We will also monitor infection acquisition by naïve sentinel oysters, which will be deployed at the same sites, as well as oyster mortality and P. marinus prevalence in local native oyster populations.  Correlations between water column parasite abundance, infection acquisition by sentinel oysters, environmental factors and P. marinus prevalence and mortality in local native oyster populations will then be assessed.

Overall Objective

To determine the transmission dynamics of P. marinus in low salinity areas in order to develop disease avoidance strategies and to promote wise and effective restoration of oyster populations in low salinity regions of Chesapeake Bay.

Objectives

1.  To optimize highly sensitive and quantitative PCR diagnostic techniques for the detection and enumeration of water-borne stages of P. marinus from water column samples.

2. To determine the abundance of water-borne P. marinus cells at seven sites located in low salinity areas (9-14 ppt) of three Chesapeake Bay tributaries, the Choptank, Patuxent, and James Rivers, using highly sensitive, specific, and quantitative PCR techniques.

3.
To determine relative P. marinus infection rates at the same seven low salinity sites by monitoring infection acquisition in uninfected sentinel oysters deployed at each site.

4.
To determine and compare P. marinus prevalence, intensity and mortality rates in native oyster populations located in the vicinity of the proposed study sites.

5.
To correlate P. marinus water column abundance, local oyster population attributes (oyster density, disease prevalence and intensity, and mortality), and environmental factors (temperature, salinity, and dissolved oxygen (DO)) with P. marinus transmission dynamics in low salinity areas.

6.
To relate experimental findings of the study to oyster restoration and management strategies, which currently involve the replenishment of oyster populations by movement of infected seed oysters to low salinity regions in the Chesapeake Bay.

Methods

We propose to deploy uninfected oysters at seven sites in Chesapeake Bay within a narrow salinity range where we believe the oysters will become infected by P. marinus at different rates.  We intend to measure infective cell concentration at each site and to describe the relationship between uninfected oysters and their infected local neighbors and/or water column concentrations so that we can better understand low salinity parasite acquisition.  One thousand uninfected sentinel oysters will be deployed at each site.  The sites will be in the James River (3; Horsehead Rock, Wreck Shoal, Deepwater Shoal), the Choptank River (2; Cooks Point, France) and the Patuxent River (2; Back of Island, Neal’s Addition).  These three areas have distinct disease problems and will offer the best opportunity to observe the functional relationship between disease-related mortality, dissemination of infective parasite cells into the water column, and infection acquisition by local uninfected sentinel oysters. 

Disease-free sentinels (2 trays, 500/tray) will be deployed in legged cages near but not on oyster bars at each site.  Duplicate 250 ml water column samples will be collected within 1 m of the trays weekly (May – October) and monthly (November-April) and filtered onto Nucleopore filters for subsequent DNA extraction and PCR analysis.  Sentinels will be tested for P. marinus once monthly from May-Nov. Native representatives (1,000) will be collected at each site from local oyster bars and deployed in cages on a nearby oyster bar, then monitored for mortality and infection levels monthly.  Oyster infection levels will be measured by standard RFTM techniques (Ray 1966).

In order to quantify the amount of Perkinsus marinus DNA in each environmental sample, existing standard PCR assays (Reece et al., 2001) are being modified and optimized for real-time PCR. DNA will be isolated from environmental water samples using a protocol that has been successfully employed by one of the PIs (Reece) to isolate and amplify the DNA of Pfiesteria-like dinoflagellates (PLOs) from Virginia waters.  Briefly, 250 mls of raw water will be collected into disposable sampling bottles (Scientific Specialties Service Inc., Randallstown, MD) and filtered onto a 47mm diameter, 3 um pore size, Nucleopore filter (Costar™, Whatman, Clifton, NJ) using a disposable filtration apparatus (Nalgene Nunc International, Rochester, NY) to prevent carry-over of Perkinsus cells between samples and sites. Filters are immediately placed into microcentrifuge tubes containing 400 ul of Qiagen lysis buffer with proteinase K (Qiagen™, Santa Clarita, CA) for storage up to one month until they can be shipped to the Reece lab for processing.  DNA is extracted from the filters using the DNeasy Tissue Kit (Qiagen™) following the manufacturer’s protocol. 

VIMS has recently acquired a real-time PCR system (LightCycler, Roche Molecular Biochemicals) that allows for rapid and quantitative analysis (Wittwer et a., 1997; Bowers et al., 2000).  PCR primers previously designed and tested for specificity to P. marinus (Yarnall et al., 1999; Reece et al., 2001; Fig. 4) are being tested and used in the presence of SYBR Green I dye to amplify P. marinus DNA in the LightCycler (See Fig. 3 above). 


Figure 4: Ethidium bromide stained agarose gel of PCR amplification with Perkinsus marinus species-specific primers (Reece et al. 2001).  Primers were tested for specificity against 1) Minchinia teredinis 2) Gyrodinium galatheanum 3) Prorocentrum micans 4) Pfiesteria piscicida 5) Hematodinium perezi 6) Perkinsus chesapeaki and 7) Perkinsus marinus.  Amplification products of the expected size were observed only with P. marinus DNA.
We have successfully isolated and amplified Perkinsus marinus DNA from water samples spiked with cultured cells.  During the PCR amplification SYBR Green I binds specifically to double-stranded DNA and fluorescence increases when the dye is bound. The LightCycler is able to detect the increase in fluorescence during the exponential phase of the amplification reaction so that the first cycle at which a signal is detected is indicative of the initial amount of target DNA present in the reaction.  During PCR, amplified products are bound by the dye and increase in the amount of product corresponds to an increase in fluorescence signal.  Other technologies that can be used with the LightCycler include a hybridization probe format and the TaqMan technology (Applied Biosystems, Foster City, CA), which can be used in combination with PCR primers to increase specificity of the assays.  Hybridization probes can be designed that are sequence-specific to the amplicon.  The two probes are labeled with different fluorescent dyes and are designed so that they hybridize to the amplified fragment in a head-to-tail arrangement so that the two dyes are in close proximity (separated by 1-5 bases).  The close proximity of the dyes results in an energy transfer so that a different wavelength light is emitted.  This transfer is referred to as fluorescence resonance energy transfer (FRET).   Again, the amount of fluorescence is directly proportional to the amount of amplified target DNA.  The hydrolysis probes in the TaqMan system can also be detected by the lightcycler.  With this technology a single probe is labeled with two different fluorophores.  The 3’ end fluorophore acts as a quencher of the donor fluorophore at the 5’end of the oligonucleotide probe.  The probe hybridizes to the target sequence, but during PCR amplification the Taq polymerase hydrolyzes the probe by the 5’-3’ exonuclease activity as it is copying the template.  With the quencher dye removed the fluorescence of the donor dye increases.  Comparable “real-time” PCR assays have been successfully used to quantify dinoflagellate DNA in environmental samples (Bowers et al., 2000).  We will try the different technologies for detection of Perkinsus marinus DNA in the environmental samples, and will choose the technology that gives the greatest sensitivity and specificity. Relative concentrations of P. marinus will be compared among locations and at different sampling times by “real-time’ PCR.

Anticipated Accomplishments and Benefits

The proposed research will contribute data important to our understanding of disease processes in the Chesapeake Bay, allowing managers to better control and manage around disease problems plaguing the oyster industries of both Virginia and Maryland.  Results from this research could lead directly to changes in management practices that could significantly reduce disease problems in certain areas.  It will also provide data critical to accurate models being developed for oyster populations in the Chesapeake Bay (Klinck, Hoffmann, Powell, etc).

Facilities and Equipment

Drs Burreson and Reece have all the equipment necessary to conduct the proposed research including state-of-the-art quantitative PCR systems.  Dr. Paynter has laboratories at both the Chesapeake Biological Laboratory (Solomons, MD) and College Park campuses that are equipped with all of the instrumentation necessary for the proposed research and field collections.  

Personnel

PIs: Kennedy Paynter, Kimberly Reece, and Eugene Burreson, Lisa Ragone-Calvo
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