Abstract

Introduction

As of 1996 approximately 300 algal species have been identified as being able to reach concentrations high enough to discolor the water (Hallegraeff 1995).  Of these, 75 species have been associated with the production of several varieties of toxins that can negatively affect humans and wildlife (Anderson 1996).  In light of the potential hazards that these organisms present, there is now a growing interest in understanding what biological, chemical or physical conditions can give rise to a bloom of microalgae that can be toxic to humans, or wildlife.  One challenge in this regard is identifying and enumerating individual species of phytoplankton, particularly when they occur as a minor, “pre-bloom,” component of a natural assemblage composed of numerous microorganisms.  It is therefore desirable to seek new ways of detecting HAB species, especially at cell densities well below those of public health concern (Ahmed 1991, Anderson et al. 1993, Boesch et al. 1995).


Many investigators have suggested that molecular probes may offer one means of detecting HAB species rapidly and specifically (Anderson et al. 1993, Anderson 1995).  At present, lectins, antibodies and ribosomal RNA-targeted oligonucleotide probes have all been used to identify HAB species (Scholin and Anderson in press). Lectins are proteins that have a high affinity for specific sugar residues.  This interaction can be used to label cell surface glycoproteins as a means of identifying whole cells microscopically.  Antibody-based assays are similar in that serum (antibodies) can be isolated which bind specifically to a target molecule (protein, toxin, etc.), therefore providing a basis for visualizing intact cells, or specific subcellular components in a cell-free format.  Oligonucleotide-based assays employ short fragments of synthetic DNA that pair selectively with specific sequences of DNA and/or RNA indicative of the cells of interest.  As with antibodies for HAB species, nucleic acid probes are applied in both whole cell and cell-free formats.


Pennate diatoms of the genus Pseudo-nitzschia H. Peragallo represent one group of phytoplankton for which species-specific probes are desired.  Some, but not all, species of this group are associated with the production of domoic acid (DA; Bates et al., 1993a, Todd 1993).  Domoic acid is a glutamate agonist, which if consumed in sufficient quantity can cause illness and death in both humans and wildlife.  Toxins produced by a bloom of Pseudo-nitzschia may be transmitted through the food web via mussels, razor clams, Dungeness crabs, planktivorous finfish, etc., and in this manner may pose a risk to human consumers of a variety of seafood products (Laylock 1989, Todd 1990).


In 1987 an outbreak of DA poisoning occurred in Prince Edward Island, Canada, when people ingested mussels which had fed on a bloom of Pseudo-nitzschia multiseries (Hasle) Hasle (Todd 1990).  Several persons died and over a hundred  became ill after eating these mussels.  Some of those people who became ill subsequently reported loss of short term memory, thus giving rise to the phrase “amnesic shellfish poisoning” (ASP) as a means of describing DA poisoning of humans (Todd 1990, 1993).  Until the outbreak in Canada, Pseudo-nitzschia was not known to be toxic.  Once the potential toxicity of Pseudo-nitzschia was revealed, considerable interest emerged in an effort to understand the taxonomy, ecology, and bloom formation of this diverse group of organisms.  Early studies showed that both toxic and non-toxic species of Pseudo-nitzschia can co-occur in the phytoplankton (e.g. Waltz et al. 1994, Bates et al. 1993a), highlighting the need for species level discrimination for both basic research and public health monitoring purposes.  However, among the planktonic microalgae, Pseudo-nitzschia is one of the more difficult microalgae to identify to species level (Hasle 1996, 1965; Hasle and Fryxell, 1970), requiring a skilled microscopist to characterize fine-scale morphological characteristics of cleaned frustules using scanning or transmission electron microscopy (SEM, TEM; Hasle 1993, 1996).  This type of analysis is labor intensive and time consuming, which can in turn confound efforts to correlate the initiation, maintenance and decline of a Pseudo-nitzschia bloom with specific hydrological and/or biological conditions.  Consequently, development of probes for Pseudo-nitzschia, are desirable.  In response to this need, lectin, antibody and DNA probes have all been applied in an attempt to distinguish between Pseudo-nitzschia species, and all of these probes have shown some promise as a means to accomplish this objective (Rhodes et al. 1995, Bates et al. 1993a., Fraga in press, Scholin and Anderson in press).

DNA probes for Pseudo-nitzschia

The focus of this work is on the application of DNA probes, specifically those targeted  towards rRNA.  Ribosomal RNA sequences and the genes that encode them, have been used extensively to delineate evolutionary and taxonomic relationships among a wide variety of organisms (Woese and Fox 1977; De Rijk et al. 1994; Van de Peer et al. 1994).  One of the attributes that makes rRNA a good molecule for comparative studies of this kind is the fact that it is composed of segments, or domains, that have evolved slowly (conserved domains) interspersed with those that are evolving at a much faster rate (variable domains).  Boundaries of these domains are well known (Sogin & Gunderson, 1987; Ludwig et al., 1994), making it possible to characterize sequences rapidly and to focus on regions of the molecule that reveal genus, species or even strain specific “signatures”(Gobal et al. 1987, Sogin and Gunerson 1987, McCutchan et al. 1988, Stal et al. 1988, Amann et al. 1990, Distel et al. 1991, Scholin et al. 1993, Scholin et al. 1996).  Ribosomal RNAs also have a naturally high copy number per cell, thus providing a large hybridization target.


The search for Pseudo-nitzschia rRNA species-specific sequences has encompassed most of the rDNA cistron (Fig. 1), including the small subunit (18s or SSU; Douglas et al. 1994), the 5.8S (Manhart 1995), a portion of the large subunit (LSU; Scholin et. al. 1994, Miller and Scholin 1996) and the internal transcribed spacers (ITS 1 and 2; Cangelosi et al. 1997). In all cases, species of Pseudo-nitzschia can be discriminated using rDNA sequence criteria, and the species resolved are morphologically divergent, although in many cases cells’ diagnostic morphological features are difficult or impossible to reveal without electron microscopy.  With respect to the 5( end of the LSU rRNA, Scholin et al. (1994, 1996) and Miller and Scholin (1996) have described a series of oligonucleotide probes that appear to be useful for delineating a variety of Pseudo-nitzschia species  isolated from Monterey Bay, California, including P. australis Frenguelli, P. pungens (Grunow) Hasle, P. multiseries (Hasle) Hasle, P. pseudodelicatissima (Hasle) Hasle, P. delicatissima (P.T. Cleve) Heiden, P. americana (Hasle) Fryxell (Scholin et al 1996), P. fruadulenta (P.T. Cleve) Heiden, and P. hemii Manguin.  These probes are currently being used in two different assay formats, whole cell (in situ) and sandwich hybridization.


Whole cell and sandwich hybridization techniques apply the LSUrRNA-targeted probes in fundamentally different fashions.  In the whole cell format, the morphology of the cell is preserved and the cell membrane is made permeable to allow access of the probe to the rRNA within the confines of the cell wall.  The probe is coupled to a fluorescent molecule that allows a target cell to be visualized using epifluorsecence microscopy, thus providing the researcher with the means to confirm that a targeted cell is present within the context of its gross morphology.  Although a potentially useful technique for ecological studies and one that is certainly far faster then SEM or TEM, whole cell hybridization methodology is nonetheless limited in its application because of the time and labor associated with sample processing.

Sandwich hybridization, on the other hand, offers the potential of greater rates of sample processing and at the same time could be much less labor intensive than the whole cell technique (Scholin et al. 1997).  Using sandwich hybridization, cell morphology is not preserved.  Instead, the cell is disrupted by a strong chaotrope and heat.  The contents of the cell are liberated into solution and degradation of the DNA and RNA is retarded with a guanidinium based buffer.  A species-specific probe attached to a solid support captures and immobilizes the target sequences from a crude lysate onto the support.  In order to confirm whether or not the probe has immobilized a target specifically, a second probe equipped with a signaling moiety and targeted to a different region of the molecule is incubated with the solid support/captured rRNA target.  Presence of the target DNA of interest is then indirectly confirmed by colorimetry, signaling the presence of a molecule that contains both capture and signal probe sequences.  It is the combination of species specific probe, target molecule and signal probe that is the “sandwich” in the sandwich hybridization system.  Sandwich hybridization has been used as a rapid, simple-to-use, and inexpensive method to detect human pathogens (e.g. Van Ness 1991; Fig. 2).


In this paper we will discuss the performance of a sandwich hybridization assay for several species of Pseudo-nitzschia.


Initial work done to test the utility of sandwich hybridization for marine microalgae was conducted by Scholin et al. (1994, 1997).  For this initial test a species-specific probe for P. australis was attached to a nylon bead.  Hybridization and signaling reactions were carried out in wells of a microtiter plate, and a positive reaction was confirmed by a blue precipitate forming on the bead surface.  These initial tests showed that the sandwich hybridization technique was a potentially useful means of identifying P. australis in a natural field assemblage.  It was further demonstrated that as the concentration of P. australis increased, so too did the color intensity of the bead suggesting that sandwich hybridization could be used to gauge not only the presence of a target species, but possibly its abundance as well.  In order to speed sample throughput of the sandwich hybridization assay, the P. australis capture probe/bead complex was attached to a plastic analytical card (PAC), the necessary hybridization and color development reagents were prepackaged in reagent cassettes, and a semi-automated processor was used to carry out required reactions (Scholin et al. 1994, 1997).  Since that time, capture probes for three other species were developed and incorporated onto a single PAC (Fig. 3).  This should allow one to detect simultaneously four different species of Pseudo-nitzschia in a single sample in about one hour after sample collection.  
The utility of the PAC semi-automated, multispecies test system with respect to sensitivity, dynamic response, specificity, and ease of use, using both cultured and natural samples was made 1996.  As result of that study the sandwich hybridization assay was modified to over come limitations of the PAC assay and to inprove the overall performance of the sandwich assay.
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