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Executive Summary:
Toxic blooms of the cyanobacteria Microcystis that produce the hepatotoxic microcystins have been documented in the western basin of Lake Erie in the mid-1990’s and again in 2002-2004.  This project will collect sediment cores from the western, central and eastern basins and establish a chronology of the cyanobacteria blooms over the last two decades.  The cores will be dated using lead-210.  Free microcystins will be measured in the cores using both ELISA and instrumental techniques.  The amount of microcystin bound to particles will be measured by GCMS after oxidation of the ADDA-amino acid with ozone.  PCR techniques will be used to estimate both the abundance of Microcystis and microcystin producing genes in the sediment core.  The information provided here should be of interest to those working on food webs, and to Lake Managers interested in both the historical and spatial distribution of toxic cyanobacterial blooms on Lake Erie and to those using past remote sensing data to develop algorithms for harmful algal bloom detection. 

2.
Scientific Rationale

Lake Erie has experienced large shifts in trophic status in the last half century.  In the 1960’s, the lake suffered from large Cladophora blooms and was declared all but “dead” (Asworth, 1988). With the advent of phosphorus controls, Lake Erie showed a marked increase in water quality. The introduction of the zebra mussel in 1988 introduced another change in trophic status of the lake.  Chlorophyll content of the water column has decreased in the decade following their introduction (Makarewicz et al, 1999, Barbiero and Tuchman, 2004); however there has also been an apparent shift in the phytoplankton species abundance.  Studies from the 1970’s show the phytoplankton community dominated by diatoms and chlorophytes, with cyanobacteria only contributing about 12% of the mean phytoplankton biomass (Munawar and Munawar, 1996).  Immediately after the introduction of the dreissenids (1989-1993), the abundance of the cyanobacteria in the offshore regions of the western basin decreased, mainly due to the removal or reduction of Aphanizomenon flos-aquae biomass (Makarewicz et al, 1999).  In 1995, this cyanobacterial abundance was replaced by a bloom of Microcystis (Taylor 1995) and in 1995-1996, Lake Erie experienced its first reported toxic bloom of cyanobacteria in the western basin.   This Microcystis aeruginosa bloom produced several hepatotoxins including microcystin-LR and lesser minor amounts of demethyl (Asp3) microcystin-LR and microcystin-AR (Brittain et al, 2000).  Since that initial bloom, Microcystis has reoccurred in the western basin of Lake Erie.  Recent survey cruises in 2000-2004 as part of NOAA’s Lower Great Lakes Monitoring and Event Response for Harmful Algal Blooms regional project (MERHAB-LGL), have reexamined the question of hepatotoxin toxin production in Lake Erie.  The levels of microcystins found in the western basin were similar to (0.7 µg L-1 in 2002, 2.4 µg L-1 in 2004), or in some cases significantly elevated (21 µg L-1 in 2003) from those levels reported in 1995-1996.   Interestingly, there also appears to be a shift in the toxin composition, with demethyl (Asp3) microcystin-LR now being a major toxin congener (Boyer, in preparation).  This shift in composition raises the question of if we also have a change in the Microcystis strain to a more or less toxic subspecies.

Both toxic and non-toxic Microcystis subspecies exist and form blooms.  It is difficult to  differentiate toxic and non-toxic strains from each other on the basis of morphology or pigment signatures and the best approach is either by toxin (Boyer et al, 2004a, b) or molecular i.e. DNA (Ouellette and Wilhelm, 2003) analysis.  Furthermore both the supposed toxic Microcystis aeruginosa and the closely related supposed nontoxic Microcystis wesenbergii co-occur in Lake Erie blooms (Boyer, unpublished).  Thus while satellite imagery and limnological reports have indicated that Microcystis has continued to bloom in the western basin, we know little about the toxicity of those blooms.  Paleolimnology has been used to infer changes in the trophic status and phytoplankton communities, particularly in remote areas where few or no past limnological records exist. Stoermer et al (1996), in their classic study on Lake Erie, using changes in the diatom assemblages in a core from the central basin to infer a rapid (~ 5-10 yr) change in the trophic status of the lake.   We would like to extend upon those studies and use similar techniques to investigate the recent occurrence of toxic cyanobacterial blooms in the lake.  The International Field Year on Lake Erie offers a unique opportunity to collect the required cores on a detailed and lake-wide basis.  

To test the feasibility of using sediment cores to measure Microcystis and microcystin  production, a box core was collected from Environment Canada’s station 357 in the western basin in summer of 2004.  This core was sub-sampled from 0-10 cm in 2 cm increments as described in the methods for objective 1.  Free microcystins were extracted using the 5% glacial acetic acid in TFA - methanol protocol of Tsuji et al (2001), and analyzed by the protein phosphatase inhibition assay (PPIA).  Preliminary results indicate we can recover a measurable amount of microcystin from the core (0.08 µg gdw-1).   This number agrees well with those reported in Tsuji et al for Japanese sediments assuming that the bulk of the microcystins would be absorbed to sediments and not extractable as free microcystins.  We have not tried the MMPB technique on these cores.  Professor Steven Wilhelm’s laboratory at the University of Tennessee, using a duplicate core taken from the same starting box core, and an additional core from station 340, has successful extracted DNA from the sediments suitable for analysis by multiplex PCR (Wilhelm, personnel communication).  More importantly, there are marked differences in the PCR results between the two different cores, both in terms of abundance of the Microcystis 16S genes and in the occurrence of the toxin biosynthesis mcyB and mcyD genes.  There are also clear changes with depth of the core in both the toxin and PCR results, even though generic cyanobacterial DNA was detected throughout all 10 cm.   These cores have not been dated but these preliminary results are strongly encouraging for this approach.
Hypothesis and Questions addressed


Lake Erie has experienced marked shifts in trophic status in the last decade (Stoermer et al, 1996).   Our working hypothesis is that sediment cores provide a viable method to reexamine the occurrence of past cyanobacterial bloom events and differentiate between blooms of toxic vs. non-toxic species.  We hypothesis that paleolimnological investigation will show that distinct toxic and non-toxic bloom events of Microcystis have occurred in the western basin
,  and that toxic species of Microcystis dominated in the western basin of Lake Erie only after the introduction of dreissenids.  To test this hypothesis, we propose the following objectives: 
Project Objectives:  
(1) To collect sediment cores from the western, central and eastern basins of Lake Erie.  These cores will be dated using 210Pb.
(2) To examine theses cores for the occurrence of both free and bound microcystins using PPIA, ELISA and MMPB oxidation.
(3) To determine the levels of toxic Microcystis in these cores using both 16S and microcystin-specific quantitative PCR.
Project Approach and Methods:

 Objective 1: Collection of Sediment Cores:   Sediment cores will be collected from both the western and central basin using a box corer similar to the approach by Stroemer et al (1996).   This original box core will then be sub-sampled by inserting a 7.5 cm clear plastic tube into the sediment.  Material in the tubes is sectioned immediately after retrieval using a rubber extruder into 0.5-1.0 cm intervals
.  These subsections are then stored in plastic bags at -20˚C until analysis. Triplicate cores will be taken from each box core to account for bioturbation and statistical variation.  In the laboratory, the frozen sediment samples will be weighed, lyophilized and then reweighed to determine the porosity and dry weight of the sediment.  The chronology of the core will be determined on a homogenous dried sample by nondestructive gamma counting of 210Pb using the germanium well detector and multi-channel analyzer available in the radioisotopes lab of SUNY-ESF.  

Objective 2: Determination of Microcystin content:  There are two key problems associated with the determination of microcystins in sediments.  The first is microcystins rapidly adsorb to clay particles (Rapela et al, 1994, Morris et al, 2000) and will likely not be released by classical extraction and analytical conditions.  We propose to extract free microcystin from the sediment cores using 5% glacial acetic acid in methanol containing 0.1% TFA with ultrasound.  After centrifugation, the supernatant is dried down to half the extraction volume in a rotary evaporator, diluted with an equal volume of water, and then taken to dryness.  This protocol gave excellent recovery (> 80%) of free microcystin in control experiments conducted in our laboratory.  The resulting material is then resuspended in 50% methanol containing 0.1% TFA and analyzed for microcystins using a combination of the protein phosphatase inhibition assay (PPIA), ELISA and HPLC coupled with PDA and MS detection (Boyer et al, 2004a, b).  

Tsuji et al (2001) and others suggest that most microcystins in sediments are irreversibly bound to the particles and will not be released as free microcystins.  The different congeners also behave differently with the hydrophilic microcystins (e.g. microcystin-RR) being more strongly bound to the sediments that the hydrophobic (MC-AR) congeners.  To determine this bound fraction, we will utilize the MMPB (2-methyl-3 methoxy-4 phenyl butyric acid) method of Tsuji et al (2001).  In this method, sediments are resuspended in 5 ml methanol and MMPB-d3 added as an internal standard.  The suspension is oxidized in a stream of ozone at -78ºC, effectively converting the ADDA group of microcystins to 2-methyl-3 methoxy-4 phenyl butyric acid (MMPB).  This compound is then derivatized with BF3-methanol, extracted into hexane, and analyzed by GCMS or LCMS.  The approach gives an integrated value for all ADDA-containing congeners (i.e. total microcystins) and the starting concentration of all microcystins in the sediment is then back-calculated from the recovery of the internal standard.  The sensitivity of this method is ~0.05 µg microcystin g-1 sediment.  Another advantage of the technique is that ADDA is resistant to biodegradation and hence may allow us to analyze deeper into the cores.  Tsuji et al (2001) used this technique to detect microcystins in sediments as deep as 30 cm.

Objective 3:   Determination of the Cyanobacterial Content of the Sediments.   The Paleodetermination of Microcystis in sediments is difficult due to the nature of the organism. Diatoms have silicate frustules and filamentous cyanobacteria such as Aphanizomenon form resilient akinetes (Eilers et al, 2004) that are stable in sediments.  Microcystis colonies are unlikely to leave behind any distinctive assemblages that can be used for identification or quantification.  Phytoplankton pigments have often been used to reconstruct limnological data but a distinctive carotenoid or pigment signature has not been identified for Microcystis.  It may be possible to use a ratio of the carotenoids myxoxanthophyll, nostoxanthin and caloxanthin (Smit et al, 1983, Woitke et al, 1997), but the development of that approach is still in progress.  Rather we will use DNA techniques to estimate the abundance of Microcystis in our sediment cores.  DNA will be extracted from the sediments using established techniques (Rinta-Kanto et al, 2005) and the presence of both Microcystis and the microcystin biosynthetic pathway determined by PCR using primers against the Microcystis 16S RNA and the mcyB and mcyD genes (Hotto et al, 2005).   The relative amount of Microcystis present in the samples will be determined using QPCR analysis to quantify gene copy numbers of cyanobacteria-specific 16S rRNA genes, Microcystis-specific 16S rRNA genes and mcyD genes (Rinta-Kanto et al, 2005).  Amplifications and quantifications will be performed using a BioRad iCycler equipped with an iQ real time fluorescence detection system using Eppendorf HotMasterMix and Taq-probe.  The standard for real time PCR will be provided by Professor Steven Wilhelm (University of Tennessee) and consists of a single copy plasmid containing the cyanobacterial 16S rRNA fragment that was amplified by PCR from the Lake Erie strain Microcystis aeruginosa LE-3 and cloned into PCR 2.1 vector using Invitrogen’s TOPO-TA cloning kit (Rinta-Kanto et al, 2005).
Project Relevance


This project represents a significant collaborative venture between NOAA’s MERHAB-LGL regional study and the NOAA-GLERL laboratories.   Both projects are focused in part on the occurrence of harmful algal blooms in Lake Erie.   The MERHAB-LGL project is specifically interested in the spatial distribution and historical occurrence, specifically as it applies to developing a monitoring plan to protect the end users of Lake Erie.  In that regard, a better understanding of the relative occurrence of toxic vs. non-toxic blooms is essential.  However, the results of these studies should be directly of interest to several GLERL researchers (G. Fahnenstiel, G. Leshkevich, T. Nalepa, and H. Vanderploeg) interested in toxic cyanobacterial blooms on Lake Erie.  For example, understanding the occurrence of toxic versus non-toxic blooms of Microcystis is essential for proper interpretation of past satellite imagery.  In many cases, the ground-truthing necessary to interpret that imagery was done sporadically if at all.   The work proposed here would fill some of those information gaps.  Determining if there was a shift from toxic to non-toxic species may also be of importance to those investigators looking at food-web interactions and the role of dreissenids in promoting Microcystis blooms.
Collaboration and other Project Linkages


This project has the potential for a number of other collaborative linkages.  Understanding the relative occurrence of toxic versus non-toxic species of cyanobacteria may be important in understand past food web events and long term exposure models.  It may also be important for the proper placement of HAB monitoring stations.  The MMPB technique described here may be of interest to fisheries biologist interested in the occurrence of total microcystins in tissues.  Finally, since MERHAB-LGL will be supporting the personnel and basic supply costs for toxin analysis in the sediments, the infrastructure is already in place to run samples for toxin analysis that were collected by other participates in the International Field Year on a no-cost or greatly reduced cost basis.  This option was further explored is a second no-cost proposal entitled “Spatial and Temporal Distribution of Cyanobacterial Toxins in Lake Erie” by GL Boyer.
Governmental & Societal Relevance with Implications for Risk Management

Most of our information concerning cyanobacterial toxicity in Lake Erie has focused on the recent high biomass events that occurred in the western basin.  The tacit assumption is that all these blooms are toxic, but this work will help critically evaluate that assumption.   This information is important in terms of the blooms impact on drinking water and recreational users of the western basin.  We have no information on the occurrence cyanobacterial toxicity prior to the 1995 bloom event.  Historical correlation with established events such as the introduction of dreissenids and increased phosphorus remediation may also provide important information regarding the origin of these blooms.  Are they now occurring because of changes in selective grazing, food web interactions, or nutrient inputs?   This information is important for water quality managers as they develop response and remediation strategies to deal with these blooms.  Finally this study will build on preliminary studies (Ouellette et al, 2005, Boyer et al, in preparation) to evaluate the extent that toxic species and cyanobacterial toxicity occurs in the central and eastern basins of Lake Erie.  

Another key piece of information that will come from this project is a better understanding of the removal processes for microcystins in the water column.  Microcystins are released from the cyanobacterial cell upon lysis, but measured levels of free microcystins in the water column generally cannot account for the total microcystins that were present in the cells. There are five pathways currently proposed for microcystin removal. This includes dilution, adsorption, thermal decomposition aided by temperature and pH, photolysis and biological degradation (Tsuji et al, 2001).  Of these five choices, adsorption to particles is likely to be the most significant for Lake Erie because of the high sediment load to the western basin (Barbiero and Tuchman, 2004).  Fine-grained clay particles rapidly remove as much as 81% of the dissolved microcystins from the water column (Morris et al, 2000).  This may effectively transport these toxins to the sediments and impact benthic consumers.  This project is one of a few attempts to directly measure that removal rate and accumulation in the sediments, thus providing valuable information on a possible remediation strategy for microcystins and their food web interactions.
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3.
Project timeline:


Samples should be collected in mid summer and can be done in conjunction with any of the other regularly scheduled cruises.   It is expected that the analysis of the free microcystins in sediments will take about 1 month. The MMPB oxidation technique will probably take longer (3 months) due to the number of control experiments that will need to be run.  Similarly, PCR analysis should take about 3 months.  We have scheduled DNA analysis to start in the fall so as not to interfere with the summer field season.   All experiments should be completed by Dec 2005 with the final report due the following March.  A brief timeline is shown below. 
	Tasks
	MAY 05
	JUNE
	JULY
	AUGUST
	SEPT
	OCT
	NOV
	DEC
	JAN 2006
	FEB
	MARCH
	APRIL
	MAY

	Task 1: Sample Collection & preparation
	
	X
	X
	X
	
	
	
	
	
	
	
	
	

	Task 2: Toxin Analysis
	
	
	X
	X
	X
	X
	X
	
	
	
	
	
	

	Task 3: Cell Analysis and PCR
	
	
	
	
	X
	X
	X
	X
	X
	
	
	
	

	Task 4: Final and interim reports
	
	
	
	
	X
	
	
	X
	
	
	X
	
	


4.
Budget Request


We are asking for graduate student support ($$11,664 + 10.5% FB) for the summer and fall semesters to support the collection, extraction and MMPB analysis of the sediment tissues.   A tuition waver for the student in the fall semester ($3,450) is included under matching costs.  Similarly the PI time (5% AY +FB for the 12 months) is included as matching costs.  Miscellaneous supplies ($700) and travel ($300) to the point of debarkation are included under direct costs.   Expenses for toxin analysis including technician time, PPIA enzyme, ELISA plates, HPLC and GCMS time will be provided by our NOAA MERHAB-LGL grant.  Consultant services ($1500) are for Professor Wilhelm (Univ. Tennessee) to assist with the QPCR and provide the cloned standard.  The standard ESF overhead rate of 49.9% MTDC has been decreased to the off-campus rate of 26%.  The difference is recovered as matching costs.
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Proposed Budget

CATEGORY

YEAR 1

Cost Share

TOTAL

A. Senior Personnel:

     PI:  Boyer,  5% AY (SG-0%; ESF-5%)

0

4,361

4,361

          0.5 Month Summer Salary

0

0

0

          Total Senior Personnel

0

4,361

4,361

B. Other Personnel:

   ( )Postdoctoral Associates @100%

0

0

0

   ( )Other Professionals

0

0

0

   (1)Graduate Students (non sea grant scholar)

11,664

0

11,664

   ( )Undergraduate students, hourly

0

0

0

   ( )Secretarial/Clerical

0

0

0

   ( )Other

0

0

0

          Total Salaries and Wages

11,664

4,361

16,025

C. Benefits,@45.04% AY

0

1,964

1,964

   Other professionals @ 35%

0

0

0

   Summer Salary @ 15.5%

0

0

0

   Grad. Students 10.5%, 12.0%

1,312

0

1,312

   Undergrad Students - 4%

0

0

0

          Total Benefits

1,312

1,964

3,276

          Total S, W and B

12,976

6,325

19,301

D. Permanent Equipment:

0

0

0

E. Materials and Supplies

700

0

700

F. Travel:

   1. Domestic: 

300

0

300

   2. Foreign

0

0

0

G. Other Direct Costs:

   1. Publication Costs/Page Costs

0

0

0

   2. Consultant Services

1,500

0

1,500

   3. Computer Services

0

0

0

   4. Subcontracts: 

0

0

0

   5. Tuition

0

3,450

3,450

   6. Stipend - Seagrant Scholar

0

0

0

          Total Other Direct Costs

1,500

3,450

4,950

H. Total Direct Costs

15,476

9,775

25,251

I. Indirect Costs, 26.0% MTDC (Cost share unrecoverd from 49.9%)

4,024

6,855

10,879

J. Total Direct and Indirect Costs

19,500

16,630

36,129

K. Residual Funds

0

0

L. Amount of Request

19,500

16,630

36,129

 

5.
Projected Vessel Time Needs

We are requesting time and space on one large vessel for approximately 1 week in the mid to late summer (June – August) and a box corer.  The ship needs to be equipped with an A-frame/ winch suitable for handing the standard box corer and we will need space in a wet lab or on deck where we can sub-sample the core and section the resulting cylinders.  

Station sites are flexible, however we would like at least 6-10 stations spread throughout the western basin, as well as a transect from South Bass Island to Environment Canada’s Station 84 in the central basin.  Stations inside and outside Sandusky Harbor and 4 stations in the eastern basin, especially near Long Point, are also desired.   Approximate locations are show below.  It is not essential to sample the different basins at the same time.  Most of these stations are current stations for Environment Canada and have been accessed in the past using the RV Limnos.  Depending on resources, it may be possible to sample some of the near-shore embayments using smaller boats equipped with the necessary winch and box corer.  Exact longitudes and latitudes can be provided if necessary.

No radioactive or hazardous materials are required for this project.  However sediments from Lake Erie often have higher than background levels of mercury, heavy metals, PCB’s and dioxins that have resulted in fish consumption advisories (Painter et al, 2001).   Appropriate caution will need to be used in handling the sediment samples.
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� The opposing hypothesis that all bloom events in the western basin were toxic is equally likely. This hypothesis can be validated by observing distinct differences in the microcystin and Microcystis profiles with time.


� Stoermer et al (1996) estimated the sedimentation rate for the central basin (station 93) to be ~0.3 cm per year.  The sedimentation rate in the western basin is likely to be greater due to inputs from both the Maumee and Detroit Rivers.   If so, it may be possible to segment the core into one year intervals.
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